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TNTRODUCTION

This investigation was concerned with the acquisition of speed
and accuracy in copying ordinary prose materials at the typewriter.
Specifically, the objective was to assess the effects on the straight
copy proficiency of persons at various levels of typing skill (i.e.,
students at various stages of typing training) of self-paced versus
externally-paced practice.

Pacing refers to governing the response rate, to controlling the
number of responses made within a given time or the time interval be-
tween responses. A self-paced task is one in which the operator sets
his own response rate according to his level of skill and his set for
the task, his perception of whet he is to try to do. External pacing
refers to the imposition from without of some mode of gulding the op-
erator to respond at a specified rate. I1lustratively, the orchestra
conductor (and the score) determine, among other things, the tempo at
which the music is to be played. In typewriting, the pacing may be
on & stroke-by-stroke basis (and, if so, it is usuelly metronomic--
equal time intervals between strokes). Or, as in the present inves-
tigation, the operator may aim at some specified number of responses
within a given time period, without stroke-by-stroke guidance.

The rationale for the selection of pacing as the treining proce- . 2
dure for investigation and for the particular modes of implementing -
that procedure rest on a body of earlier evidence about the several
veriables that appear to dominate the acquisition of stroking skill
at the typewriter. That evidence is briefly discussed under "Related
Research.” For the present, there is much to suggest that improved
training, leading either to higher proficiency in the training time
available or to earlier achievement of sufficient typing skill for
occupational or personal. purposes, can meke an important comtribution

~ to occupational and personal needse

 The U. S. Office of Education, among many, has pointed to "the 3
constant demand of employers for competent stenographic and other E
of fice assistance” (Wright, 1964, p. 3). DMore specifically, Cook and j

' Ianham, in their massive study of noncollege-bound high school gradu-

ates in Detroit (1966), found that about two-fifths of them entered
clerical occupations, for which typing skill was overwhelmingly the ;
most common prerequisite. In fact, typing skill wes required for 85 ;
per cent of all jobs thav were not for the unskilled. In addivion, 3
the typewriter has come to be perceived as an ordinary writing tool, 2
as inferred from the substantial demand for personal typing skills.
The writer of a business and econumics column for a metropolitan news- i
paper (Porter, 1966) has estimated that 35 million Americans use the '
typewriter in one fashion or another for one purpose or another, a
mumber that vastly exceeds the 2.5 million employed typists, stenog- -
raphers, and secretaries reported in the 1960 decennial census (Rutzick -
and Swerdloff, 1962). The 1966 sales ratio of 7 portable to every 5
standard machines (U.S. Bureau of the Census, 1967) further attests

to substantial personal use of the typevwriter.
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. The sheer volume of typewriter use in this country and the occu-

4 pational demand for office workers who can operate a typewriter point

3 to potentially important benefits from Improvec training procedures, |

The keystroking proficiency that is the focus of the present inves- g

tigation is one of the two major components of typewriting skill. The §
§
b

i other is knowledge of matters having to do with the format .or arrange--

3 ment of materials on the page in accordance with the conventions that

i apply to the typing of letters, tables, reports, and the like. While ;
: it ic now known that the knowledge components governing format out- E

4 weigh stroking skill in accounting for proficiency at real-life typing
’ tasks (Muhich, 1967; West, 1960, 1967), keystroking is a component of
‘all typing activities. Accordingly, increased keystroking proficiency
should be expected to contribute to skill at realistic typing activi-
ties. In addition, insofar as most typing employment tests tend, un-
fortunately, to measure "straight copy” proficiency alone (Anderson
and Pullis, 1965), greater skill at that task can be expected to fur-
nish a larger supply of competent typists whose readiness for employ-
ment is assessed in that way.

Pacing as a Training Procecdure

AT LT 7T T T T T DR Rt A YR A P S

Pacing--the variable investigated here in the context of type-
writing--in fact applies to most perceptual-motor skills, of which
typewriting is one instance. TFor skills that include high speeds (re-
sponse rates) among their objectives, R-R contiguity is a dominating
requirement. High speeds mean that each response (R) is brought close
in time o the next one; there is less delay or latency between re-
sponsas. ALl speed development methods in typewriting and many other
ckills aim at reduced response latency, increased R-R contiguity. As
. Rothkopf has pointed out (1960 pp. 319-320): "A most interesting re-
% search issue here is how far the carrot should be kept in front of
the donkey's nose in order to make him run the fastest for the longest
time o o o the relationship between performance, pacing, and learning k.
is at thiz time one of the most challenging empirical questions ior
the automation of sensory-motor skills training." Rothkopf was refer-
ring to devices that automatically monitor the stimulus display, the
rote at which stimuli are presented. The response rate of the learner
who attempts to keep up with the stimulus presentation 1s thereby
guidedes To express the concept in the terminology of operant condi-
tioning, the response rate is "brought under stimulus conmtrol,"”

Bases for Expected Results. In self-paced work +the operator has
only a terminal goal. He is given no guidance during the work ses-
sion, no information as to whether he is responding at the desired
rate; there is no feedback, no knowledge of results, until the work
session is completed. In addition, in self-paced speed practice aimed
at a terminal goal, the operator commonly strives toward the mexinun
possible rates that create the excessive muscular tensions knovm to
have adverse effects on movements. Similarly, in accuracy practice at
a slover rate, he might slow down too much, again using muscular

e e




tensions that have adverse efifects. The generalization establisheld
by Telford and Swenson (1942, p. 237) is tha+ "Tlicie are degrees of
muscular tension which are optimal for the performance of particular
tasks. Varying the degree of tension in either direction fram this
optimum results in decreased output." Fitts later stated that "there
is an optimm gain or stiffness for any regponse . » o efforts to
produce higher rates may lead to unfavorable muscular tenseness and
loss of fine comtrol" (1951, pe 1324). Another feature of accuracy
development arises from the hypothesis that stroking accuracy at the
typewriter is primarily a function of typing at the right speed. In
the absence of guidance for response rates under self-paced work con-
ditions, ‘the typist might slow down too much or not encugh.

Under external pacing, on the other hand, the guidance for re-
sponse rates can be furnished at any desired intervals within the
work session; feedback 1s periodic, so that the operator can meke ad-
Justments in his response rate. If the imposed pacing, in both speed
and accuracy practice, is at a rate appropriate to the individual,
optimal ruscular tensions and improved performance should result.
These various considerations would support an expectatlon of superl-
ority for externally~paced over self-paced work. .

There are at least two factors that might exert a pull in the

opposite direction, leading to an expectation of superiority for self-

paced over externally-paced work. One is motivation, which might be
superior among self-paced typists for two reasons. First, for them
in this investigation, success in meeting the speed criterion in both
speed and accuracy trials required typing at least fast enough. In
externally-paced practice in this investigation,'the requirement was
to type just fast enough, not faster. TEspecially in early -trials
aimed at readily achievable goals, EP (externally paced) practice
might be more frustrating; the EP typist who overshoots the goal has
not succeeded. Second, insofar as some students might be made
"nervous" by external pacing (as some students specifically stated)
and be unwilling or unable to adjust their stroking rates in re-
sponce to signals (oral time announcements), motivation again suffers
under EP practice rules. :

The second factor is "personal tempo," a "nabural® rate of speed
particular to and preferred by each individual. The typist might re-
sist an imposed rate different from his preferred one. The evidence
on the poss1ble existence of personal tempo is conflicting (Iauer,
193353 Wu, 1235), so that ‘the role of that factor in the present ex-
periment is uncertaln. However, if that factor is influential, it
and motivational fachors might be expected to have a negative influ-
ence on practice under the irposed rates of external pacing.

The effects of anvther factor, the known hich persistence of a
set for speed (Fulton, 124%5), are not easily estimated in advance.
Practice rules that lead to large amounts of speed practice and large
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gains in speed over one's normal, comfortable rate could riake the ‘
subsequent achievement of accurary o loug, drawn-out affair. In the 1
present investigation, the set for speed applied to both seli-paced :
and externally-paced practice. If the particular amounts and distri- §
butions of speed and accuracy practice should differ under the dif- 2
ferent practice rules for EP and SP practice, the speed-set factor x
: could have a heavier negative influence on the treatment that led to 5
4 higher ratios of speed to accuracy practice. On the other hand, if 't
5 these ratios do not differ as between SP and EP practice, then the i
achievement of an acceptable level of accuracy by either group would
depend on whether the practice rules led to an adequate amount of
accuracy practice after extensive speed practice. II accuracy prac-
tice were insufficient, neither group would achieve acceptable accu-
Tacye

AT

s,
e

On balance, if the amounts and distributions of speed and accu-
racy practice that resulted from the practice rules for external
pacing are optimal--or, at least, not disadvantageous--the expecta-~
tion would be for the superiority of externally-paced over self-paced
worke The other assumption underlying this expectation is that per-
4 suasive explanation by teachers to students of the rationale behind
4 ' external pacing would overcome the possible motivational difficulties
mentioned previously.

B e R A o T e e T T AL S Ao P ot
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4 Pacing has been investisated in a number of studies that used

P electromechanical stirulus-display devices to develop stroking skill
4 at the typewriter--sometimes not in optimal ways and at other times
4 on a group rather than on an individual basis (see "Related Research”). ¢
g Besides, devices are expensive--perhaps prohibitively so if, ideally, : ;
there is to be a device for each student. In a certain sense, the

] present investigation, which used low-cost printed materials, was an :
. , attempt to implement the functions carried out by high-cost devizes ;
: - using low-cost printed materials.

ey
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Related Reseaich

The related research on keystroking skill at the typewriter :
bears on the issues of (a) separate versus concurrent development of :
speed and accuracy, (b) methods and materials for speed and Tor accu-
racy practice, whether conducted separately or concurrently, and,
especially, (c) electromechanical devices versus conventional modes
of conducting skill building practice. The findings on these issues j
provided the basis for the particular modes of implementing the vacing;
variable used in the present investigation, and the issues are briefly o
discussed in turn. =

Concurrent versus Separate Speed and Accuracy Practice. The typ-

ing textbooks of the two publishers whose sales account for a very %
large proportion of all typing textbook sales cxhibit two opposec ra-
tionales: separation of speed from accuracy practice versus concur-
rent development of higher speeds together with jood accuracy. The ¢




latter tactic appears to be in direct conflict with one type of evi-
dence bearing on the issue, namely, speed-error correlations. Doz-
ens of studies, summarized by West (1957, 1962, 1968), show the cor-
relation between stroking speed and number of errors to be essentially
zero, i.e., as often positive as negative and, in any case, very low.
This is true regardless of stage of training, regardless of training
method, and regardless of length of test. Insofar as the essentially
zero relationship between speed and errors suggests that the two fea-
tures of performance are based on different underlying factors, build-
ing higher speeds while maintaining good accuracy at the same time

(or improving accuracy while maintaining speed) would seem open to
question. There have been no classroom comparisons of the two op-
posed training strategies; the correlational data furnish the only
available information on the issue. In any event, the training regi-
men in the present investigation was based on the correlational dats,
je€s, it consisted of practice for speed separated from practice for
accuracy. :

Methods and Materials for Speed and Accuracy Practice. There
have been no studies specifically devoted to camparing the effects
on typewriting proficiency of various modes of speed building prac-
tice. Instead, various amounts and distributions of speed versus ac-
curacy practice have been investigated. In these studies, speed prac-
%ice characteristically used a verbally-induced set for speed ("try
to type faster") and/or involved the setting of speed goals progres-
sively in advance of the trainee's current rate--sometimes with and
sometimes without accompanying error limits. The general trend of
the findings (summerized by West, 1957, 1962, 1968) supports the su-
periority of a speed emphasis over an accuracy emphasis. In parti-
cwlar, a study by Ramnets (1¢35) showed baby-step gains in proficiency
when both speed and accuracy practice was done daily, whereas large
gains in speed and swift reduction of errors followed from long-term
Fous on speed before reverting to accuracy practice. The present
iavostigation therefore employed a practice rule that called for sub-
staiztial gains in speed before switching to accuracy practice.

The research on accuracy development has typically investigated
the merits of specially contrived practice materials ({finger drills,
one-hand words, balanced-movement words, hard words, easy words, et.
al.), of metronomic stroking, of repetitive typing of words origi-

‘nally typed incorrectly, and of a verbally-induced set for accuracy

carried toc the extreme of a goal of "perfect copy." MNone of these
tactics has ever been shown to have the slightest value (West, 1957,
1962, 1968). Instead, as powerfully suggested by Pask's device for
training key-punch operators (see Rothkopf, 1960), stroking accuracy
appears o be primarily dependent on finding the right speed--pre-

_ sumably one a little below the speed at which errors are excessive.

That concept is represented in the typing training materials of at
least one major textbook (Lessenberry, Crawford, and Erickson, 1967),
vhich provide for a few trials at a goal 2-4 wpm in advance of one's
normal speed at the time, immediately followed by & few trials on the

-5-




same copy at a deliberately slower rate, aimed at fcw errors. Fur-
ther, the learner is instructed to mark, in advance of typing, the
periodic points in the copy that represent typing at the desired
rate. The pacing concept is clearly in evidence here, although
there has been no research on its merits as implemented in the text-
book in question. Further, in the Lessenberry textbook, the prac-
tice materials are marked at. 2-word intervals in cumulative words,
requiring the learner to make pencil marks in the copy representing
his particular goals at periodic intervals during the practice tim-
ing (e.g., the typist aiming at 24 wpm marks the 6th, 12th, 18th,
24th, 30th . « « word, representing the points in the copy he should
have reached at successive gquarter-minute intervals of practice).

Tn the present investigation, the practice copy for external pacing
was marked in cumulative time intervals in different copy provided
at every even-numbered speed from 16 through 76 wpme The learner
needed to do no arithmetic to determine his periodic goals nor to
mark his copy in any way; the practice goals were premarked in the
copy. The more important distinction between the Lessenberry pac-
ing and that of the present investigation is that in the textbook
speed pacing is always done st 2-4 wpm above one's comfortable rate;
whereas in the present investigation speed pacing was continued un-
til 8-wpm speed gains were made, before reverting to accuracy prac-
tice. In the Lessenberry paced practice, speed pacing is an easy
distance above a comfortable rate; in the present experiment, once
past the first few trials, speed practice was at rates more and more
in advance of camfortable rates. For many students, final practice
speeds were about 5 wpm in advance of their entry rates and about
8-10 wpm above their final "comfortable" rates.

Another characteristic of the research and conventional instruc-
tional practices bearing on development of speed and accuracy in or-
dinary copy work at the typewriter concerns individual differences.
~ Conventionally, speed practice or accuracy practice is applied to

all persons in a class at any given time. That some persons might
more profitably practice for speed than for accuracy, or vice versa,
tends to be disregarded. In the present investigation, on the other
hand, the practice goals were individualized. Each learner prac-
ticed either for speed or for accuracy according to his needs, as in-
ferred from his pretest and subsequent practice performance.

A Tinal feature of conventional instruction is the restriction
of practice durations to 1-3 minutes throughout the early months of
training. The assumption appears to be that typewriting is a fatigu-
ing task and that endurance is gradually acquired as skill increases.
Recent research has shown that assumption to be wholly faulty (West,
1967); there is no reason to restrict practice durations among begin-
ners to just a few minutes--not for reasons of supposed fatigue. Be-
sides, since stralght-copy employment tests characteristically in-
volve S-minute timings, the requirements for maximum positive transfer
from practice to test performance demand a match between practice and
test durations. Accordingly, in the present investigation all testing

-6~
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was for S-minute durations; self-paced practice trials were for 5
minutes and externally-paced practice trials centered around 5 min-
utes (specifically, they ranged between 4% and 5% minuteé).

| Electro-Mechanical Devices for Typing Skill Development. A
number of studies have contrasted the effects on straight copy per-
formance of the use versus nonuse of such devices as (a) the tachis-
toscope (Palmer, 1955; Winger, 1951), (b) the Skill-Builder Controlled
Reader, which is a filmstrip projecter in which a moving slot exposes
materials from left to right at rates calibrated in G-wpm steps
(Kline, 1961; Perkins, 1963), and (c) the Strong Pacer, in which the
practice copy is hung_ over the front of the machine while a dial cali-

" brated in 2-wpm stepsl governs a pointer that drops to a new line,
with an audible click, to signal that the preceding line should just
have been campleted if the typist has performed at the desired strok-
ing rate (Bryson, 1965; Tranquill, 1965). The tachistoscope and Con-
trolled Reader were used as group devices, one per classroom; the
Strong Pacer is an individual device, one per student.

The investigators in the tachistocope and Controlled Reader

studies rather questionably attributed results to a change in per-

. ceptual (reading) habits. The greater S-R and R-R contiguity fos-
tered by rapid stimulus-display rates (i.e., short interstimulus
intervals) would seem a more persuasive explanation. In any event,
the -studies that favored the device (Palmer, Winger, Kline) were
badly confounded with variations in practice materials and in some
procedural aspects. Perkins, on +he other hand, explained his no-
difference findings with the observation that the human who can be-
have like a device can get the same results as a device. .Bryson
found no differences in his Strong Pacer investigation, while Tran-

i quill!s differences in favor of the device were small in size, al-

3 ~ though statistically significant. Both of these studies used a

3 devastating "perfect copy" rule: you do not proceed to the next

: . higher speed unless the preceding (up to S-minute) trial is error-

E free. '

The variations in findings accompanying the varying ways in
which these devices operate and the varying practice procedures Or
rules make it apparent that cne cannot test a device as a device,
or "pacing" as a training tactic independent of the procedures sur-
rounding the practice. Individualized practice is clearly prefer-
able to group practice. The S-wpm steps built into the Controlled
Reader are clearly too large, and better results could be expected
; from smaller-step calibration. The perfect-copy rule used in the
o Strong Pacer studies surely led to smaller gains than could have
been achieved under more tolerant error standards. These observa-
tions are made to explain two of the procedures used in the present

_ 1 . . . . .

a The most recent model of the Strong Pacer 1s calibrated in

3 S5-wpm steps--probably an undesirable change from the original 2-wpn
calibration. .

-7-




investigation:
signed to each individual
for speed or accuracy prac
minute during accuracy prac
accuracy among students completi
19563 Robinson, 1967; Table 10, this report).

(2) practice copy furnished at 2-wpm steps and as-

according to his skill level and his need
tice and (b) an allowance of 2 errors per
tice--an error rate that represents mean
ng a year of instruction (De Hamer,

Specific Purposes

The major purpose of the present investigation has already
been stated: to assess the effects on the straight copy perform-
ance of persons at various levels of typing skill of self- yersus
externally-paced practice. Pacing is the independent variable of
this investigation, represented by two treatments: self pacing
(SP) and external pacing (EP). It was hypothesized that externally-
paced practice would lead to superior speed and accuracy on crite- ,

" pion tests. The major concepts underlying the particular instruc-

tionel procedures used have been briefly sketched in the preceding
discussion of the related literature and are given in detail in

the next section on "Method."

An additional and minor purpose was made possible of fulfill-
ment as a byproduct of the aveilability of test scores for the sub-
jects of this investigation, namely, assessment of the reliability
of two modes of scoring straight-copy performance: one of thenm in-
volving the use of all of each person's performance; the other,
using the error-cutoff procedure advocated in the typing textbooks
of & major publisher. In the latter procedure, all the typing that
follows the n? error is ignored. For example, if five errors is

set as a limit all the work from the sixth error onwards is dis-
carded, and the performance is expressed as the number of words per
minute typed up to the sixth error. '

METHCD

Desigg

To estimate the effects of teacher variability and to provide
8 test of treatment effects across the range of skill typically
found among trainees, a pair of jnstructors of classes at each of
four stages of training was used. Fach instructor taught one SP
(self-paced) class and one EP (externally-paced) class, both at the
same stage of training. Each training level was represented in a
different New York City high school. There were four schools, eight
instructors (two in each school), and 16 classes (a pair of classes
for each instructor). That is, in school A, two teachers each had
a pair of first-semester classes, one EP and one SP class; similarly
for schools B, C, and D for second-, third-, and fifth-semester
classes. Assignment of treatments to classes within each pair wes
by toss of a coin. The school's assignment of students to classes
was not on bases that could have any biasing effects on the pacing
variable. EP and SP pretest scores, for example, did not differ
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‘and fifth-semester classes), 84 per treatment (SP and EP), for a )

significantly. First- third-, and fifth-scmester data were col-
lected during the fall, iY9o6, semester; second-semester data, during
the spring, 1967, semester. ~

Subjects

Classes at the three lower stages of training were drawn from
general high schools that included a commercial program; fifth-

- semester students were from a vocational high school. Imitially,

there were from 28 to 36 students registered in each fall class.
However, there was formidable attrition (30 per cent of registrants)

. through excessive absence (more than S of the approximately 20 prac-

tice days) and flagrant failure on the part of many fall-semester
students to obey the rules of the practice, as determined by exam-
ination of daily practice papers upon completion of the experiment.
These factors, combined with a requirement for an equal-N analysis
of data, reduced the number of usable subjects in the fall classes
to that in the class with the smallest number of usable subjects,
namely, l4. The grave difficulties with fall-semester students led

- . to & number of procedural changes for spring-semester classes that

greatly reduced the attrition (to 10 per cent of the 20-29 regis-
trants in-each class) and that required spring (second-semester)
data to be treated separately. The result was an N for fall classes
of 14 per class, 28 per teacher, 56 per school (for first-, second-,

total fall N of 168. For spring classes there was a usable N of 18
per class and therefore 36 per teacher and treatment, for a total
spring N of 72. In the 14 classes with more than 14 (or 18) usable
subjects, N was reduced to 14 (or 18) by dropping cases at random-
via assigning numbers serially to all usable subjects in each class
and u31ng a table of random numbers to identify discards.

Instructors and Their Training

The eight instructors were all experienced teachers of type-
writing whose department chairmen arranged for their participation.
The investigator met with these teachers for a 3-hour session dur-
ing the weekend preceding the beginning of the experiment to brief
them on purposes, procedures, record-keeping, et al. They were also
furnished with a procedures manual containing all details and oc-
casional verbatim instructions to be read to students. The inves-
tigator visited each class on the first and/or second day of instruc-
tion, occasionally participating in the instruction by agreement
with the teacher. A number of misunderstandings were cleared up,
but a number of others apparently were not--to judge from the in-
fractions exhibited in many practice papers. The investigator was

in periodic “telephone contact with participating teachers during .

the remaining weeks.

\
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Practice Schedule .
The practice schedule in fall classes provided for a maximum
of 65 S5-minute practice timings (325 minutes) under SP or EP condi-
tions. Student absences led to a.mean of 50.7 timings for SP stu-
dents and 50.3 timings for EP students. The timings were distributed
four a day, except on the first two days, over 20 consecutive ‘school
days beginning in mid-November (not including a pair of S-minute
criterion tests weekly and interruptions for holidays, midterms, and
cther special school events). '

To maximize the propriety of attributing results entirely to
the differential practice, the class period was deliberately pre-
empted by the experimental practice, especially during the first
two weeks of the four to five calendar weeks. Teachers complained
. of a breathless race to cram the required number of timings into
the class period and felt, after the fact, that they were unable to
give sufficient time to explaining the practice rules and rationale
to students or to checking on adherence to the practice rules by
students. To remedy those deficiencies and in recognition of stu-
dents' complaints of boredom at unrelieved practice of a given kind
day after day and of extreme fatigue after three or four S-minute
practice sessions each day, greater distribution of practice was
used in the spring (second-semester) classes. In the spring, three
S5-minute timings were administered on each day, and the practice
deys were distributed over a mid-February through early May period:
12 days of experimental practice, followed by 5 weeks devoted en-
tirely to "production™ activities (business letters and other real-
istic typing tasks, with no practice aimed at building ordinary
copying skills), before returning to a final 10 days of experimental
practice. In spring classes, a maximum of 60 S5-minute timings (300
minutes) were provided (not including interim criterion tests); ab-
sences led to a mean of 50.5 timihgs for SP students and 49.3 tim-
ings for EP students. All told, SP students in fall classes aver-
aged 2 minutes more of experimental practice than EP students. 1In
spring classes, SP students averaged 6 more minutes of experimental
practice than EP students. These differences were judged to be of
no practical consequencee.

Practice Materials

The pacing practice materials consisted of 5 minutes' worth of
ordinary prose paragraphs at each even-numbered speed from 16 through
76 wpm. A sample of the materials for externally-paced classes (at
16-, 18-, and 20-wpm) is displayed in Figure 1 on the next page. As
shown, for external pacing the materials were marked in quarter-
minute intervals. Self-paced classes used the same materials, but
without the internal quarter-minute markings.

Another feature of the practice copy is conmtrol for difficulty
via syllabic intensity--mean number of speech syllables per dictio-

nary waed, a commonly used index of "typewritability" of straight copy
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16 _wpm
X! R 3
To say that someone has learned something is to say that you can count
1 & 3 £
on him nearly every time to make a certain response on a certain occasion--
3 3 £

as a result of practice. The child who gives eight as the sum of five plus

, 3 t -
three is said to have learned that sum. In the same way, a person who

- 4 3 3
regulgrly names Rome, when asked to give the capital city of Italy, has
5

2
learned the capital city of Italy.

18 wpm
1

. ' 3
Before a youngster has learned to add, he can not tell you the sum of

b ¢
four plus three, for example. Afterwards, he can give you the correct
3

o & 3
sum. We see, therefore, that learning always involves a change in behavior.

But not all changes are due to learning. Some, like blinking when a bright
- ¥ % . 4 :
light shines in your eyes, are reflex actions. Still other changes are due

&
~ to growth. Only certain kinds of changes in your responses are due to

6
learning.

20 wpm
$ 3
In the beginning stages of skill you are thinking and typing letier

£ i
by letter.. Soon you find that you can type parts of words, syllables, and
3 &
short words without thinking of each letter. With each trlal you are
: 3
thi nking and typing larger and larger units.

To reach the highest point of skill, where whole phrases and sentences
g 4
seem to flow across your paper, you must push yourself to fresh levels.

3 . 3
Whenever you fail to give your whole mind to ycur work, there is small

5
bgnefit from your practice.

oo b ¢ lemen l L
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Tigure 1. Illustrative Paragraphc for Efternal Daca.ng

-11-

71
147
223
294
366

%00
(1.33)

70
141
218
29k
370
Wil

450
(1?34)
68

143

2%3
258
330
ko2
473
500

» Wl sV

AL R
e b4, e e e T



oAbl A AT | e b s vigas, Sy i, 2o sl
P i B U s Tt et T e 0
o e - e ST R T NS S R ST

materials-~shown in parentheses below the stroke count to the right of
the practice copy (Figure l). For years, it has been assumed that 1.40
is the mean syllabic intensity for the vocabulary of business communica-
tion. More recent research (West, 1967) has shown it to be 1.54. 1In
the paced practice materials, difficulty is graded: syllabic intensity
progresses in steps of .0l from 1.33 at 16 wpm through 1.40 at 30 wpm to
1.55 at 60 wpm, remaining at 1.55 thereafter.

g;actice;grocedures and Rules

As applied to the pacing materials, the practice procedures and
rules concern (a) initial assignment of each student to speed or to ac-
curacy practice (b) modes of SP and EP pacing, (c) speed and accuracy
practice goals, and (d) rules for alternating between speed and accuracy

practice.

Tnitial Practice Assignment. Students were initially assigned
either to speed or to accuracy practice on the basis of their pretest
performance on a pair of S-minute timings administered a day or two
earlier. Those who made no more than 2 errors per minute (epm) on the
pretest began with speed practice on a paragraph 1 or 2 wpm above their
pretest gross speeds. Those who made more than 2 epm were assigned to
accuracy practice at a paragraph 1 or 2 wpm below their pretest gross
speeds. That is, assignments were made to the nearest even=-numbered
speed above or below their pretest speeds, depending on pretest accuracy.

Modes of Pacing and Duration of Practice Timings. All teachers
used stop watches and, in EP classes during the first 2-2% weeks, loudly
announced the passage of each quarter minute ("quarter e ¢ o half . . .
three~quarters . . . 1 (minute). . . quarter . . . STOP" ). During the
final 1-2 weeks, in order to wean students away from the frequent guid-
ance furnished by r-minute pacing, time announcements in EP classes were
made every half-minute and then every full minute. EP students were
directed to adjust their stroking rates in accordance with these time
announcements: to slow down when ahead of the corresponding marked point
in the copy, to speed up when behind the corresponding marked point in
the copy. The objective was to complete the timing within 5 strokes
(one'word) on either side of the eppropriate point in the copy. Because
the student who knows in advance how long the timing is to be can readi-
1y misbehave, timing duration in EP classes varied between 41 and 5%
minutes and was not announced beforehand by the teacher. A typical daily
series (averaging 5 minutes) might be 5, 4%, 5%, 5} or 5i, 4, S. For
practice timings longer than 5 minutes, the student started again at the
beginning of his assigned paragraph.

In SP classes, on the other hand, there was no mediating announce=
ment of time intervals, and copy was, of course, not marked internally.
For SP students, all practice timings were for 5 minutes.

-12-
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Speed and Accuracy Practice Rules. During speed practice, the
SP rule was: "If you complete the paragraph within the 5 minutes=--
regardless of errors--proceed in the next practice timing to the
next longer (2 wpm faster) paragraph; otherwise, repeat' the same
paragraph in the next practice timing. You move ahead if and only
if you complete the paragraph. " :

In EP classes, the speed rule was: "If you come within S

strokes on either side of the appropriate marked point in the copy

vhen STOP is called--regardless of errors--proceed in the next

" timing to the next longer (2 wpm faster) paragraph. If you are
more than 5 strokes away (in either direction) from the proper

point in the copy, repeat the same practice copy in the next tim-
ing." Although EP students camplained during the early triels,
about not being allowed to progress to the next faster paragraph
when they had more than reached the speed goal of the earlier para-
graph, it was explained to them that their real objective was to
type at a particular rote--neither faster nor slower. The substan-
tive issue that is at stake here is that permitting students to ad-

- yance when they had typed too fast would not have constituted a

test of paping--of the effects on criterion performance of being
required to type just at a specified rate.

Accuracy practice required subjects to meet the dual criteria
of typing at the appropriate speed (2 wpm below their previously
achieved speed) plus making no more than 2 errors per minute of
work. In SP classes, up to 10 errors were allowed in each 5-minute
timing. In EP classes, 10 errors were.allowed for timings of 4%,
5, and 5% minutes, 9 errors in 4i-minute timings, and 11 errors in
5i-mimute timings. These error standards were tightened during the
final week of. experimental practice to an allowance, for SP and EP
students, of 9 and then 8 errors in 5 minutes of work. Throughout,
teachers in EP classes announced the maximum error allowance and
the duration of each timing immediately after each timing was com-

pleted.

~In swmmary, "success" in speed practice consisted of completing
the paragraph (SP) or coming within one word of the appropriate
point in the copy (EP). "Success" at accuracy practice involved
the same speed criteria plus not exceeding 2 epm. The EP rules
‘make it apparent that the student who suffers some gross interrup-
tion (such as jarmed. typebars) has little chance of meeting the '
speed criterion during that timinge In such instances, students
were instructed to untangle (or otherwise take care of) whatever
the difficulty may have been, to wait until the next quarter-minute
time announcement, and to continue typing at the corresponding
. point in the copy. ©Such efforts, however, were not to be counted
as successes because a portion of the copy had been omitted. The
intent was merely to preclude sitving idly for minutes because of
a gross interruption earlier in the worke
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Alternating Between Speed and Accuracy Practice. In accor-
dance with the concept of substantial gains 'n spued before changing
to accuracy practice, a speed zain of 8 wpm (in 2-wpn increments)
had o be achieved before changing to accuracy practice--at a rate
2 wpm below the highest: successful speed-practice rate. Thus, &
student whose pretest speed was 13 wpm and wiose errors did not ex-
ceed 2 epm began with speed practice at 20 wpm and continued with
speed practice until he succeeded at 2G wpm; he then shifted to
accuracy practice at 24 wpm. As soon as he could type at the de-
sired 24-wpm speed with no more than 2 epm, he returned to speed
practice at 28 wpm, continuing with it until 34 wpnm (8 wpm above
his previously achieved 26 wpm rate) before again returning to
accuracy practice at 32 wpm. The rule for speed, then accuracy,
practice was: "Up 8, dowm 2" or "up G, down 2" if one counts from
the first new practice speed rather than from the previously
achieved speed. However, mostly because teechers were disturbed
by the increase in errors shown in earlier tects, the final few
days of experimental practice imposed accuracy-practice rules on
all students. Success at a practice paragraph was [ollowed by
accuracy practice at the paragraph at the next higher speed.

Infractions of Practice Rules, Among the various possible ways
4o disobey the practice rules (e.g., failing to change from one
practice emphasis to the other when the eriteria for change has been
met, changing practice emphases when the criteria for change had not
been met, changing in steps or more than 2 wpm), probably the most
consequential and clearly the most frequent infraction was changing
Prom accuracy to speed practice even though more than the allowed
number of errors had been made. The result of that infraction was
less accuracy practice than was called Tor by the rules, inevitably
leading to high inaccuracy on criterion tests. When that and other
consequential infractions exceeded ten in number (about one-fifth
of the average of about 50 practice timings), the student was
dropped as a participant in the experiment. Discarding of such stu-
dents was on the basis of examination of daily practice papers by
the investigator upon completion of the experimental practice. S50
far as the student and his teacher were aware during the experi-
mental practice, the student was a participant.

The greatly lower atirition in spring classes (to 10 per cent
from 30 per cent) probably resulted from two procedures uniortu-
nately not used in the preceding fall classes: (a) arrangements
Tor inspection of practice papers on & dally basis by teachers and
student assistants, pernitiing immediate correction of misbebavior
the next day and () furnishing each spring student with a l-page
record form on which he cntered the speed and objective of each of
his practice timings, thereby permitting student and teacher to
nonitor behavior more closely. A graphic display of criterion test
mean speeds and errors week Ly week Was also posted on the bulletin

HORTCe




Criterion lMeasures

e

'Eight ordinary prose selectlons ~f Z20 Lu 035 words eack, each
at syllabic intensity l.40 for every consecutive 100 dictionary
words, were used for testing. A pair of S-minute timings was used
on each testing occasion. Two of the eight pieces of test copy
were used as pre- and posttests. The other six were used two a
week during the experimental practice progran. In the spring
classes, the 5-week interval of "production" practice between the
two segments of experimental practice was followed by an "interim"
administration of the pretest copy. All test papers were scored
by the investigator and his staff within 48 hours and test scores
were returned to teachers for posting on the class bulletin boarde.

To provide an informal comparison of the relative effects on
criterion performance of paced practice (SP and EP) versus more
conventional instructional modes (whatever they may have consisted
of in the classes of several teachers), several classes not in-
volved in the experiment were also posttested or both pre- and
posttested. Reactions to the pacing practice were also solicited
from second-semester students in the form of a brief, unsigned
letter addressed by the student to his teacher.

Data Analysis

Scoring was for gross wpm and number of errors in 10 minutes
(sum of two S-minute timings). Speed and error scores were sub-
jected to analysis o1 covariance, with posttest scores regressed
‘'on pretest scores. The analytical model provided for measures of
treatment by level and treatment by instructor interaction, as
well as for treatment effects. For the ancillary purpose of esti-
mating the relative reliability of scores under conventional versus
error-cutoff scoring procedures, reliability coefficients for per-
formance on the two S-minute pretest timings were conputed for each

of the two scoring methods.
RESULTS

Results and preliminary discussion are presented in turn for
(a) criterion scores, (b) analyses of adjusted posttest scores,
(c) practice gains, (d) student reactions, and (e) reliability of
two scoring methods.

Criterion Scores

Mean words per minute on the pairs of S-minute criterion timings
administered periodically through the calendar period of the experi-.
ment are displayed in Table 1 on the next page. With a few excep-
tions, gains were registered for all classes weekly, but they are
modest in size. More pertinently, there do not appear to be any..con-
sequential performance differences between self-paced and externally-

paced classes.
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| Table 1
Mean Words Per Minute on Pairs of S5-Minute Criterion Timings
-By'Selbeaced and Externally-Paced Classes
(By Semester of Training)

Externally Paced

]

Semester of Training

Self Paced
Test @ ‘Semester of Training
T e [R3
Pretest 17.7 1 36.3 | ¥2.9 |32.5
Week 1 20.8 | 37.0{ 45.1 | 33.7
Wweek 2 | 21.7|%0.2|45.1|35.7
Interim : '
Week 3. 24,9 | 0.0 | u7.2 | 374
Posttest | 24.6 | 41.0] 46.3 137.3

Gain® 6.9] u.7| 3.4 5.0

1 13 |5 1;2'2.

17.8] 34.9 | 43.5 | 32.0 |30.1
20.6] 37.90 4.4 | 33.2 | 31.8
22.5] 38.1] 46.8 | 36.0 | 32.7
' 35T
25,1 38.0 48.6 |} 37.1 | 35.5

23.9) 37.8] 47.2 36.3 | 36.6

. 601 209 309 ""03 605
Note.--Ns of 28 per level for lst-, 3rd- and 5th-semester classes

on pre- and posttests and of 25-26 per level on intervening tests

(with the exception of Ns of 12 and 13 in Week 1 tests in 3rd-semester
classes). Ns of 36 on 2nd-semester pre- and posttests and of 33-36

" on intervening tests. AllL Ns given here are per treatment (EP and SP).

afn fall classes (Semesters 1, 3, and 5), Week-1 testing followed
70 minutes of earlier paced practice (i4 5-minute timings); 85
minutes of practice (17 5-minute timings) intervened between each
succeeding weekly test. In spring classes (semester 2), Week-1
testing followed 75 minutes of practice (15 5-minute timings); 80
minutes of practice (16 5-:inute timings) were used in Weeks 2
and 3, and 65 minutes of practice (13 5-minute timings) were conducted
in Week 4. Between Weeks 2 and 3 in the spring classes, there was
a S-week interval devoted entirely to production typing (no pacing or
other ordinary copy practice). The "interim” test was given to
spring classes just before resumption of pacing practice after the
5-week interlude of other practice.

bgains are posttest minus pretest means.
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Total-error means for the sum of two 5-minute criterion timings
administered periodically are displayed in Table 2, below. ILarge in-
creases in errors for the first-, third-, and fifth-semester classes
(from pre- to posttest) are apparent. The modifications in proce-
dures for spring (second-semester) classes apparently permitted
- teachers to exercise much greater control over student practice be-
havior (i.e., great reduction in misbehavior), leading to & small
absolute increase in errors on criterion tests that in fact repre-
sents & small improvement in relative accuracy of about 1} words
typed per error. Even so, there do not appear to be any consequen-
tial intertreatment differences. '

Table 2

Total-Error Means on Pairs of 3-Minute Criterion Timings by Self-Paced
and Externally-Paced Classes®

(By Semester of Training)

' Self Paced | Fxternally Paced
Semester of Training Semester of Training
Test o 1, 3 il ERE
1 3 5 2 O 2 1 3 5 (el I

w9 . G
Pretest | 11.7{ 16.7| 26.1| 18.2 | 20.1 || 11.8} 21.4}24.9] 15.3 [22.8
Week 1 16.11} 25.71 43.31 22.0 | 22.3 l| 15.5} 35.2 1 25.9! 23.8 |23.4
'Veek 2 16,7} 32.0| 43.9| 30.9 | 23.4 || 15.9] 40.5 | 44,0} 33.6 |26.4
Interim | - 25.3 | | | 22.8
Week 3 | 21.0] 37.4] 49.0] 35.8 | 12.¢ J| 20.8] 45.3] 45.1} 38.9 |24.8
Posttest | 20.2! 57.8| 41.9| 33.5 | 22.6 || 21.8] 57.3| 40.9 | 53,5 |24.8

In- ; :

creasel 8.5! 21.1{ 15.8| 15,1} 2.5 §| 10.0] 15.9 | 16,0} 14.0 | 2.0

8rhe Note and footnote a of Table 1 apply also to Table 2.

b . .
Increases are posttest minus pretest means.

. To provide an informal assessment of the effects of paced prac-
tice in relation to conventional modes of training, performance scores
for control classes were also collected. These control clasies in
each school, taught by a number of different teachers, had not been
participants in the experiment but were at the same stage of training
- as the SP and EP classes in that school. Second-semester classes
were both pre-. and posttested on the same days as were the partici-
pating classes; in the other three schools, only posttest scores were
availeble. With a Tew exceptions, larger speed gains or higher térmi-
nal speeds were found on the average in these control classes than in
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the combined SP and EP classes. Accuracy vas unilormly better in
these control classes than in the combined EP and SP classes.
Paced practice of either kind did not even lead to any Hawthorne
effect. While no information is available on the training methods
and materials used in these control classes, some speculations
about probable differences between them and the paced classes are
discussed later in this report.

Intratreatment Differences. The extent of intratreatment
variations, presumably attributable in some part at least to varying
success on the part of teachers in explaining the practice rules to
students and monitoring practice behavior, is evident in the class-
by-class means shown in Tables 3 (speed) and 4 (errors) on pages 19
and 20. TFor both speed and errors, at three of the four levels of
training, difference scores are in one direction for one teacher and
in the other direction for the other teacher at that level.

Despite the reversals in the direction of treatment differences
between the pair of teachers at each training level shown in Tables
3 and 4, it may be noted that in all classes except those at Level 2
the treatment with the larger gain in speed also shows the larger
increase 'in errors from pretest to posttest. Apparently, the greater
gain in speed was at the price of poorer accuracy.

Analyses of Adjusted Posttest Scores

Analyses of covariance for adjusted posttest scores (regressed
on pretest scores) for (a) second-semester classes and for (b) first-;
third-, and fifth-semester classes formally corroborate the absence
of significant treatments efflects implicit in the closely comparable
treatment means exhibited in Tables 1 and 2. The results of second-
semester analyses are shown in Table 5, page 213 of the other three
levels, in Tables 6 and 7, page 21.

. Despite the intratreatment variations displayed in Tables 3 and
4, Tables 5, 6, and 7 show that these were not sufficient to lead to
significant interaction between treatments and levels or between
treatments and instructors. The treatments had equal effects at all
skill levels, and variation in teacher and student behaviors were
o0 small to suggest insufficient uniformity among teachers in their
handling of the two treatments.

Practice Gains

On the question of possible differences in practice gains be-
tween the two pacing modes, again there were no clear differences.
Tor each student, his entry speed (in wpm) was subtracted from the
speed of his fastest successful practice trial. At Level 1 (first-
semester classes) the mean gains were: SP = 13.9, EP = 12.25 at
Level 2 SP = 13.2, EP = 14.3; at Level 3 SP = 14.5, EP = 13.4; at
Level 5 SP = 11.2, EP = 10.4. Although SP practice gains exceeded
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EP practice gains (except at Level 2), the differences are trivial
and of no practical consequence. On the one hand, then, there is
nothing to suggest that the guidance for response rates furnished
by external pacing leads o larger gains in stroking rates (during
practice trials and regardless of errors) than does self-paced work.
' Tn addition, the comparable SP-EP gains in practice speeds suggest
that the treatments resulted in camparable strength of the set for
speed. In fact, the comparably poor terminal accuracy of both SP
and EP subjects strongly suggests that the particular practice
rules used (2) did not provide for sufficlent accuracy practice

and (b) kept the student at speed practice for too long before
changing to accuracy practice. These suppositions reinforce the
more general point made earlier: +that the effects of pacing depend
heavily on the distributions of speed and accuracy practice that
result from the partvicular practice rules that are imposed.

| Trials to Criterion. On the ancillary question of whether one
of the two practice modes leads to earlier achievement of practice
goals, mean number of practice trials to reach each successive cri-
terion was computed for the four second~-senester classese. -( Infrac-
tions of practice rules were SO numerous at the other three levels
of training as to defy an accurate tally.) These means are shown
in Table 8 (next page) for the EP and SP classes of the two teach
ers, individually and combined. ~ .

Among other things, the data of Table 8 show ‘that nearly every
student gained at least 8 wpm in speed during practice trials, about
five-sixths of them gained 10-12 wpmj; -from two-thirds to three-
fourths of all second-semester students gained 1l4-16 wpm, about one-
£ifth gained 18-20 wpm, and a small handful gained even more, includ-
ing one student whose gain was 30 wpm above his entry speed (not
shown in Table 8). OFf course these performances were replete with
stroking errors, but the data do give some indication of the size of
gains in stroking rate aceruing from sixty S-minute practice trials--
using new copy at each new practice speed. |

~ On the question of whether the guidance for stroking rates fur-
nished by external pacing leads to swifter achievement of practice
goals than does self-paced work, the date of the bottom row of Table 8
are pertinent. The S entries represent a larger mmber of "trials to
- success" on the part of self-paced typists. It may be seen that the.
first gains of 2-4 wpm above entry speeds require more (or as many )
trials by EP typists as by SP typists. Examination of practice papers
for these early trials showed that EP typists were routinely exceed-
ing the speed goal by more than 5 strokes (1 word). Thus, a perfor-
mance that wes counted a success for an SP typist was not a success
. for an EP typist. Thereafter (from 6 wpn gains over -entry speeds on-
ward), 8 of the 9 successive speed steps or goals required more
trials by SP than by EP typists. By sign test for that 8-out-of-9
datum, z = 2.33, for which p < .02 {2-t&iled). Accordingly, it may

- =22~
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be concluded that once past the earlier trials toward goals little
in advance of entry speeds--during which externally-paced typists
tend to overshoot the goals--external pacing leads to the earlier
achievement of each new speed goal than dces self-paced practice.
(The four segments of accuracy practice furnish too small & sample

‘and, at the end, too small an N, to permit a generalization on the

relative effects of self- and external-pacing on number of trials
required to reach accuracy goels.)

student Reactions

Upon completing thé posttest timings, students in the four sec-

ond~semester classes were invited to express their reactions to the

paced practice in the form of a brief, unsigned letter to their
teacher, ccmposed at the typewriter in class on thet day. Student
reactions ran the gamut from extreme enjoyment of through extreme
displeasure at the paced practice. Some EP students confessed to
annoyance at the inability to follow the teacher's periodic time
annouricements. For them, it may be that meeting the success cri-

terion was. fortuitous rather then & consequence of the external

pacing. Many EP and SP students expressed frustration at the large
mmber of repetitive trials they needed for success during accu-
recy practice and at speeds well in advance of their entry speeds.
Meny reported gratification at substantial speed gains (during

" practice trials), but pointed to lack of success in improving or

even mainteining accuracy. Extreme fatigue ("I thought my wrists
would fall off") was complained of by numbers of students in both
EP and SP classes. Boredom st day-after-day practice of the same
kind was often reported, and greater distribution of practice
(fewer trials per class period on fewer days per week) was fre-
quently recommended. Whether potentially better motivation through
grester distribution would have permitted an unconfounded test of
the pacing variable is, of course, a nice guestion; sufficient ex-
perimental control over nonpaced practice activities would proba-
bly be very difficult of achievement, and interaction between paced

and nonpaced practice Pprobably could not be assessed.

" some of the student comments point to an unsuspected by-
product of the practice. A surprising number of hitherto sight
typists claimed that the striving for speed goals during pacing

. turned them into touch typists. Insofar as "response competition”

is invoked here--there is no time to look back and forth between
copy and machine when your stroking is being rushed--speed forecing
recommends itself as a primery tactic for disrupting sight methods
when they have outlived their usefulness. That eny sort of prac-
tice at that (early second-semester) stage of training might have

 had the same result is, of course, possible., However, the frequency

with which students reported that they "didn't heve time to look"
lends strong support to the "response competition" hypothesis.
Finelly, one student reported that he was the only one in his history
class who knew of Copeérnicus--because of his frequent trials &t &
piece of paced-practice copy dealing with the Copernican revolution

in astronomy.
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Relisbility of Two Scoring M’ethocis

' purning, finally, to results on the minor objective of this in-
vestigation--camparison of fhe reliebility of error-cutoff (ECO)
us conventional speed scoring--scores on the

scoring procedures Vers
ded the beginning of paced practice

two pretest timings that prece
were correlated under both scoring schemes for the 495 subjects in
ho were pretested. According to the protago-

this investigation w.

nists of ECO scoring (Rowe, Lloyd, and Winger, 1967), as amount of
treining increases fram one through four semesters, the maximum al-
1owed errors (in S minutes) decreases fram S5 to 2., The fourth-
semester typist computes his speed as number of words per minube
typed up to the point of the third error. Since, with ECO scoring,
the score is "wpm up to the nt? error," the correlations are for
that measure; ECO scoring does not provide for any measure of

exrrorse Conventional speed scoring, on the other hand, uses all
"gross Wpme" Correlations were com-

the words typed and results in
puted for the various ECO allowances, for an allowance of 5 errors
at all stages of training, and for gross wpm, with results as shown

in Table 2.

Takle 9

Reliability Coefficients for Speed Under Various Error-Cutoff Allowances

and for Gross Speed
~ (For 5-Minute Timings, by Semester)

Semester Under Error Allowances of

of N -

: A
Training , 2 5 - S Gross
o 125 706 970
2 13 | ' .656 .622 .968
) 126 0340 o431 903
5 131 .360 679 . .938
Total 495 «AT70 979

As shown in Table 9, the reliability coefficients for ECO scor-

ing are greatly lover than for conventional speed scoring and grow
increasingly lower as the number oft owed errors decreaseSe Apart
from the fact that "wpm up to the n°" error" is quite devoid of any.
useful meaning--that it has no velidity--an ECO score is sO unreli-
from one occasion to the next, that its use can-

able, sO unprecise
not be defended on any reasonable basise. Any expectation of good. -
reliability for such scores would be predicated on two demonstrably

faulty assumptions: that total-error scores heve high reliebility
and ‘that errors tend to occur, for each individual, at typical peri-

ods within the timing. Instead, dozens of studies sumarized by
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west (1957, 1962, 1968) show total-error reliabilities to be typi-
cally in the .40 to .50 range, rarely exceeding .70; and it is com-
mon knowledge that a person's typing errors do not tend to be
concentrated in the first, or fourth, or any particular minute (or
line) of work. Instead, their number and locations vary widely

from one occasion to any other. On one occasion, 2 typist al-
lowed 5 errors will make his sixth error in his thirty-first word,
on another occasion not until his eighty-first word. These illus-
trative performances generate ECO scores of 5 and 16 wpm, neither
of which represents that person's actual speed.

With ECO scoring, one knows neither how fast nor how accu-
rately an individual typed--unless his errors did not exceed the
mescimum allowed. As the typical 1-2 epm rates of typists in
straight copy work, precious few are within the ECO maxima, as
shown by the right-hand column of Table 10, below. Table 10 also
shows the gross underestimation of true speeds in the four col-
umns to the left of the "gross speed" colum. Under ECO scoring
the typical fourth-semester typist, for example, who in fact typed
42 .4 words in each minute is reported as a 15.9 wpm typist. The
implication of these findings is unequivocal: there can be no
defense for error-cutoff scoring; it has no apparent velidity and
negligible reliability. '

Table 10

Mean Speeds Under Various EFrror-Cutoff Allowances
and Mean Gross Speed and Toual Errors

(For S5-Minute Timings, by Semester)

Semester Mean Speed Mean
of N Under Error Allowances of Total
. s ~ . Gross
Training o 3 4 5 Errors
1 125 15,0 | 19.0 ‘Be9
2 113 16.4 18.7 29.5 10.8
3 . 126 19.1 25.1 35.8 10.2
5 131 15.9 263 42 .4 11.9
All
Levels 495 ’ 21l.4 31.9 10,0
DISCUSSION

Faced with & standoff in results from two training methods that
were originally expected to differ in their consequences, the risk of
"explaining away" the no-difference findings is present. However, as
intimated in the preliminary discussion accompanying some of the re-
sults, & number of hypotheses or speculatlions appear t0 be tenable ones.

-26-




LA AR G g R L D Ty L 8 e e

First, despite the discarding of subjects wio frequently failed
to obey the practice rules, subjects who committed up to ten infrac-
tions were retained, and there was hardly a subject who did not com-
mit at least one infraction. In general, but especially for students
at Levels 1, 3, and 5, there can be no great confidence that the efl-
fects of the two modes of pacing were tested as specified. Inadequate
pretraining and supervision of teachers and (exccpt at Level 2) inabil-
ity of teachers under the practice schedule to monitor student per-
formance sufficiently closely are evident.

The difficulties of exercising sufficient control over events il-
lustrate the thesis held by many that the classroom is not a possible
place to conduct rigorous research, under conditions that preclude
serious confounding of variables--certainly not investigations of in-
structional practices (a) that are entirely novel to teachers and (b)
that call for student behaviors that strongly contradict their earlier
training experiences. This latter point refers to the clear bias in
convenbional instruction toward extremely high accuracy and against
stroking rates accompanied by high inaccuracy, even during practice
activities. The general contern of participating teachers about the
enormous numbers of errors that necessarily accompany forced-speed
practice and about the substantial increase in errors on the Week-1
criterion tests attest to the presence of the conventional view toward
accuracy by the participating teachers--and, thererore, by their stu-~

dents. -

Other discrepancies between conventional tveacher and student
views, on the one hand, and the practice rules, on the other, also
appear to have been present. Primerily, it is unheard of to conduct
"speed drills" for durations as long as five minutes. During the in-
vestigator's visit to classes on the first and/or second day of ex-
perimental practice, studemt shock (moans, groans, and literal
wringing of hands) followed the teacher's announcement that they were
to aim at increased speed for five continuous minutes. Here, the in-
vestigator was clearly at fault. The finding of absence of conse-
quential fatigue during 30 continuous minutes of typing (West, 1267)
applies to instructions to type at a normal, comfortable rate through-
out--not to forced-speed worke Vocal complaints about fatigue during
the experiment and in postexperimental letters to teachers by studenys
were no doubt accurate. The S-minute practice durations under forced-
speed conditions very likely were too long. Optimum (end surely
shorter) durations of forced-speed practice--whether accompanied by
pacing or not--remain to be identified. Possibly a step-by-step in-
crease in the duration of forced speed practice up to five minubes
would be optimal.

Another discrepancy between conventional practices and the ex-
perimental ones is the experimental massing of skill building prac-
tice o consume all or nearly all of each class period, with attendant
fatigue and boredom. The disadvantages of massed practice are well
knowvn, but the investigator took the calculated risk of these disad-
vantages in the hope of providing a clean test of pacing, unconfounded
by the possible effects of the other kinds of practice that would
have taken place in the time not preempted by paced practice. The
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compromise in effect for Level-Z classes (a S-week interlude between
2-week sessions of massed paced practice) did not in the slightest
change the massing during paced practice and, in addition, left un-
specifiable with sufficient precision the activities during the O-
week interlude and their possible effects on the criterion measures
of the present investigation. Here, again, the issue is one of
whether it is possible to conduct & "clean" test of some kinds of
instructional variables in a "normal" school setting--short of ex-
tensive pretraining of teachers, breathing-down-the-neck monitoring
or supervision of teacher behaviors, or the selection as partici-
peting teachers of those (a) who are reasonably conversant with a
variety of instructional practices and (b) who have sufficient
appreciation of the rigor required in experimeniation and of the
sensitivity of learned behavior to a host of potentially confound-

ing factors.

This editorializing aside, it seems apparent thaet amount and
distribution of speed and accuracy practice is a consequential
determinant of the effects of pacing (and of many other instruc-
tional modes) on criterion performance. The 8-wpm gains in effect
for speed practice were probably too high, especially among Level-1l
typists &nd among students at all four levels once past the first
gains. Possibly, 6-wpm gains should have been the rule. Or, bet-
ter, a descending scale of gains for the speed sessions that inter-
vene between accuracy sessions might be tried. For example, work
toward an 8-wpm gain in speed (in 2-wpm steps), then practice for
accuracy, then work toward a &-wpm gain in speed, then practice for
accuracy, then work toward a 4-wpm gain in speed . o o thereafter
meintaining 4-wpm speed-gain goals. In fact, a procedure analogous
to that just described was originally proposed, but it was dropped
because participating teachers felt it would confuse students.
(Specifically, an ascending level of speed gains were to accompany
increased levels of training: 6-8-10-12 wpm geins were to be in
effect for first-, second-, third-, and fifth-semester students,
respectively, on the first speed go-round, followed by reduced
goals on the second speed go-round after the intervening accuracy

practice.)

Accuracy practice appears to have been insufficient in rela-
tion to the amount of speed practice; the step-down of 2 wpm from

. the previously achieved speed may not have been enough. Still fur-

ther, success at the stepped-down rate during accuracy practice
should probably have been followed by continued accuracy practice
at the previously achieved higher speed rate, rather than by re-
turning to speed practice at a rate 2 wpm above the highest speed
previously achieved. For example, using S for speed practice and
A for accuracy practice (with the rumbers representing wpm speeds },
& sequence such as « « o 265, 24A, 26A, 28S would probably he
better then the . o o 26S, 24A, 288 sequence called for by the
practice rules of the present investigation. The former sequence
assigns a new speed goal before acceptable accuracy has been estab-
lished on the highest earlier achieved speed; the latter sequence
provides more accuracy practice and assigns a new speed goal only
when satisfactory accuracy has been established at the earlier

achieved speed.
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The resistance of some students to speasd forcing per se and,
more particularly, to being asked to adjust their performance rates
in accordance with periodic signals (during external pacing) pre-
sents problems for which possible solutions do not readily suggest
themselves. If the concept of "personal tempo" does have viability,
perhaps those who resist or who are upset by speed forcing should
not be subjected to speed forcing. If so, more training time or
lower proficiency might be expected for such learners. There is
no disputing the fact that ever closer R-R contiguity is the basis
for the response cheining that defines high stroking skill. Speed
forcing is the self-evident tactic for economically bringing about
the ever closer interresponse intervals that are desired--among
learners who can "take it."

' On the other hand, in connection with external pacing as &
means of aiding the typist to adjust his stroking rates--upward
when aiming for increased speed, downward when aiming for reduced
errors--it is difficult to entertain the hypothesis that a tempera-
mental resistance to external signals is not modifiable. Attitudes
are learned or acquired and, as such, are presumably modifiable
through skillful explenation and persuasion by the teacher of the
rationale that underlies external pacing. The effort seems emin-
ently worthwhile in view of the indications in the present experi-
ment that external pacing leads to the earlier achievement of
practice goals. In the present instance, however, it seems proba-
ble that the negative effects of extreme massing of practice, with
attendant boredom and fatigue, swamped the participating teachers'’

- efforts to modify the attitudes of those who were made "nervous”

by external pacing.

CONCLUS IONS AND RECOMMENDAT IONS

Under the practice procedures of the present investigation, no
differential effects on speed and accuracy in ordinary copy work at
the typewriter followed from self-paced versus externally paced
practice. While the volume of student infractions of practice rules
makes the findings of the present investigation somewhat uncertain
in the light of its purposes, it is not felt that results would
heve differed substantially even if the practice rules had been fol-
lowed scrupulously.

instead, it is judged that the practice rules that surrounded
both modes of pacing were not optimal and that different practice
rules leading to more advantageous emounts and distributions of
speed and accuracy practice should be investigated.

SUMMARY

The chronic shortage of skilled typists and other office person-
nel who use the typewriter suggests that anything that increases the
supply of competent typists or that leads to the achievement of

-2 -




marketable skill in less time will contribute to alleviating the
shortage and to reducing complaints about inadequate skills.

Concerning the keystroking proficiency that is an integral com-
ponent of every typing activity, a number of studies have contrasted
conventional printed practice materials and procedures with electro-
mechanical devices that display stimuli (copy materials) at & prede-
termined rate, thereby either guiding or pacing the learner to stroke
keys at that rate or creating a set for faster stroking. However,
none of these studies was designed to assess directly the external.
pacing that is the defining characteristic of these devices. Besides,
devices are expensive in comparison to low-cost printed materials.

The objective of the present investigation was to estimate the
relative effects on speed and accuracy in ordinary copy work at the
typewriter of self-paced versus externally-paced practice, using
low-cost printed materials specially marked to permit their use for

pacing purposeses

To provide measures of teacher variability and to assess the
effects of the two modes of pacing at various skill levels, a pair
of teachers in each of four high schools was used--each school repre-
sentating a different one of four levels of typing training (first,
second, third, and fifth semester). Each teacher had a pair of
classes, one of which was randomly assigned to external pacing, the
other to self-paced practice. Attrition through excessive absence
and failure to follow the practice rules resulted in a final N of
18 per class at Skill Level 2 and of 14 per class at Skill Levels 1,
3, and 5: an N of 36 per treatment at Level 2 and of 84 per treat-
ment across the other three skill levels. - '

‘The practice copy consisted of five minutes' worth of ordinary
prose at every even-numbered speed from 16 through 76 words per min-
wte (wpm)s For external pacing, each piece of copy was marked in-
ternally in quarter-minute intervals. Each quarter-minute was loudly
announced by the teacher, and the typist was instructed to adjust
his stroking rates upward or downward so as to Just reach the point
in the copy corresponding to each time announcement. For self-pacing,
the copy was not marked internally and there were no mediating an-
nouncements of time intervals by the teacher. '

The speed objective of the self-paced typist vas to complete
the copy within the S5-minute practice triale. The externally-paced
typist had to come within five strokes (one word) of the precise
point in the copy during his 4i-tp5i-minute trials. Accuracy prac-
tice retained the earlier speed criterion, plus not exceeding 2
errors per minute of work.e Based on pretest accuracy, typists were
initially assigned either to speed practice at a rate 1-2 wpm above
their pretest speeds or to accuracy practice at a rate 1-2 wpm be-
low their pretest -speeds. Thereafter, progress to higher speeds and
changing from speed to accuracy practice and the reverse was based
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on their practice performance. During speed practice, gains of

8 wpm had to be achieved (in 2-wpm steps) before changing to accu-
racy practice. Success at the criteria for accuracy practice was
followed by speed practice toward another 8 wpm gain, and so on
cyclically i this fashion. Under these procedures each typist
worked toward an objective (speed or accuracy) and at a rate con-
sonant with his level of skill and his needs, as inferred fram
his performance.

A total of 65 practice trials was distributed three or four
a day over a 4-week period at Levels 1, 3, and 5. At Level 2, €0
practice trials were scheduled, and a 5-week interval--devoted
1o realistic typing tasks not aimed at ordinery copying skill--
separated two 2-week periods of pacing practice. Criterion mea-
sures consisted of a pair of S-minute timings on ordinary prose
materials of average difficulty administered as pre-and posttests.
Six other pieces of test copy were administered two a week during
the training program. Tests were scored for gross wpm and for
tobal errors in the 10 minutes of work. '

Posttest speed and error scores were subjected to covariance
analysis’ (regressed on pretest scores), and no significant dif-
ferences were found. Self-paced and .externally-paced practice had
equal effects at all levels of skill. However, external pacing
led to the earlier achievement of each successive practice goal.
Déspite the discarding of subjects who very frequently dis-
obeyed the practice rules governing progress to the next higher
speed or changing from one practice objective to the other, it
was necessary to retain students who committed up to 10 infrac-
tions--20 per cent of the average of about 50 practice trials re-
maining after absences were accounted for. However, although
these infractions mean that the practice was not regularly carried
out under the rules as specified, it is not felt that scrupulous
adherence to the practice rules would have substantially changed
results. Instead, the observations of both teachers and students
suggest that the practice schedule and practice rules led to ex-
tremely disadventageous amounts and distributions of speed and
accuracy practice. Students’ compleined of boredom at day-after-
day practice of the same kind and of extreme fatigue from three
or four S5-minute practice trials daily under the specified prac-
tice "conditions. Accordingly, possible differential effects of
self-paced and externally-paced practice were swanmped by disadvan-
tageous practice conditions and rules applied to both modes of
pacing. - It is apparent that the two pacing modes are sensitive
to distribution effects, and it is recommended that the pacing
modes be investigated under conditions of greater distribution of
practice, using practice gains that are less demanding, with pro-
vision for larger amounts of accuracy practice. '
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ordinary copy work at the typewriter of externally-paced (EP) versus
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ordinary prose peragraphs providing for S minutes of practice at _
every even-numbered speed from 16-76 words per minute. For EP E
practice, copy was marked internally in quarter-minute intervals, 18
which were loudly announced by the teacher. Subjects were to adjust '
stroking rates upward or downward in accord with time announcements.
SP practice copy was not marked internally, and there were no time
announcements. Subjects were assigned to speed or to accuracy trials 4
et individually appropriate speeds and progressed t0 higher speeds
and a changed objective (speed or accuracy) according to their ]
practice performance. Covariance analysis<of posttest speed and 1
error scores showed no significant treatment differences. However, 3
various lines of evidence suggest that possible treatment effects b
may have been.swamped by the cxtreme massing and disadvantageous 2
distributions of speed and accuracy practice that resulted from the
practice rules uniformly applied to both pacing modes. Investigation ¢
under morc advantageous practice rules was recoumended. , ;_
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