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Abstract. Experiment 1 was a study in which threg times during the school year {in
September, February, and April) first graders performed a discrete-trial Stroop task
in which they named the colors of stimuli that were either letters, high-frequency
words, or low-frequency words. The amount of interference caused by these stimuli
was 2usessed by comparing the naming times to a control condition where the subject
named a series of X's. In each testing period the Interference caused by letters ex-
ceeded that caused by high-frequency words. There was also a nonsignificant
tendency for interference caused by high-frequency words to exceed that caused by

- low-frequency words. There was a marked increase in interference between
September and February, but very little change between February and April, in-
dicating that the automaticity function had already flattened out by the end of first
grade. There was a tendency for better readers to display more interference and to
show Interference earlier in the yeer. Experiment 2 replicated the developmental
trends displayed in Experiment 1 and explored the relationship between interference
and the speed and accuracy with which subjects named the stimuli. The overall pat-
tern of results in the two experiments was reasonably consistent with the automatici-
ty model of reading developed by LaBerge and Samuels (1974).

The automaiicity model of reading developed by LaBerge and Samuels (1974)
has had a great impact on research in the experimental and educational psychology of
reading. LaBerge and Samuels argued that reading fluency develops because lower-
level processes such as letter and word recognition become automated and thus free
cognitive capacity for higher-level comprehension processes. An automated process
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is one that can take place while attention is directed elsewhere. To date, two ex-
perimental paradigms have been used to assess the extent to which alphanumeric
stimuli are recognized automatically. LaBerge (1973) introduced a catch-trial pro-
cedure whereby the subject's attention was directed to a particular stimulus set, but
he was also required to respond to an unexpected stimulus that appeared on a small
number of trials. Response time to the unexpected stimuli was the crucial dependent
measure and the difference in reaction time between letters and meaningless lines
(which were responded to as fast as the letters when both stimulus classes were ex-
pected) was an index of automaticity. Since the paradigm requires that attention be
-shifted from the expected to the unexpected stimulus, if some amount of processing
can take place while the attention shift is occurring, then faster reaction times to let-
ters under unexpected conditions would seem to indicate that the recognition of
those stimuli was automatized to a greater extent than the meaningless lines.

The other experimental technique that has been used as an index of automatic
processing is the Stroop task (Stroop, 1935). In the Stroop task-subjects are asked to
name the color of the ink in which a string of stimuli is printed. When the string is a
series of letters that spell the name of a conflicting word (e.g., the word “red” writ-
ten in blue ink) color-naming is much slower than in a control situation where the str-
ing consists of nonverbal stimuli. This color-word interference effect is usually ex-
plained in terms of the compeltition between vocal responses to the printed word and
the ink color. Since the subjects engaged in a Stroop task are attempting to attend on-
ly to the color of the ink, color-word interference is presumably the result of the
word having been read automatically (Posner & Snyder, 1975).

In light of the wide influence of the automaticity theory (Science Citation Index
lists 41 references for 1976 and 1977 alone) it is indeed surprising that so few at-
tempts have been made to directly test its predictions regarding developmental
trends and individual differences. The few studies that have tested the theory have
all employed Stroop-type paradigms (suggesting that it might be fruitful to explore
the possibilities of the catch-trial procedure). If, as suggested by automaticity theory,
skilled readers process words more automatically than less skilled readers, a larger
Stroop effect might be expected for the more skilled readers. Evidence supportive of
this prediction for adults has been reported by Martin (1978). However, studies using
Stroop-type paradigms with children have often failed to find the expected relaticn-
ship between reading skill and the Stroop effect. For example, Schiller (1866) found
that color-word interference was maximal in the second grade and decreased with
further development. Using a picture-word interference task that is a variant of the
Stroop paradigm, Golinkoff and Rosinski (1976) found that the picture naming times
of unskilled third- and fifth-grade readers were delayed by the presence of in-
congruent words just as iong as the times of skilled readers of the same age. In
another study, Rosinski, Golinkoff, and Kukish {1975) found no increase in the in-
terference effect from second grade through adulthood. Pace and Golinkoff {1976)
also reported results that were not entirely consistent with the automaticity theory.
Using a picture-word interference task, they found that when interfering words are
difficult, skilled third graders displayed more interference than less-skilled third
graders. However, the relationship did nnt obtain in the times of the fifth grade sub-
jects, and when easy words were used there was no relationship between reading
gkill and interference in either grade. West and Stanovich {1978] found no increase in
Stroop interference between fourth grade and adulthood (compare their Figures 2
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and 3). Using a picture-word interference task, Guttentag and Haith (1978) found no
increase in interference due to the presence of words from late first grade through
adulthood (see also, Guttentag & Haith, 1979). The only significant increase in in-
terference due to words was found between first graders tested in October and first
graders tested in May.

Ehri and Wilce (1979) tested a different prediction of the automaticity theory, us-
ing a picture-word interference task with first and second graders. According to the
theory, practice at word recognition should lead to automaticity. Thus, more in-
terference should be found for words that have been practiced. Ehri and Wilce (1979)
had children complete a picture-word interference task, gave them practice at
recognizing the interfering words, and then gave them a posttest on the interference
task. Subjects who could not recognize many of the interfering words prior to the
practice displayed increased interferance subsequent to the word training. In con-
trast, subjects who could recognize all of the interfering words pricr to the word
training actually showed a decrease in interference, a finding that is inconsistent with
the automaticity theory as conceptualized by LaBerge and Samuels (1974). However,
Ehri and Wilce (1979) argued that this finding was not inconsistent with automaticity
theory. They hypothesized that, in the latter group of subjects, the word and picture
stimuli are processed serially, in a manner such that practice enables the word to
move through the central precessor in less time and allow the picture to enter sooner.
This hypothesis is, however, not consisient with the result: of a study by Martin
(1878), who found that adult subjects who recognized words faster actually showed
larger interference effects.

There are probably several reasons why many developmental studies have faiied
to find the expected relationship between reading zbility and automatic processing.
One has to do with the widespread use of the continuous-list procedure, where the
subject names a series of items and his score is the total time to name the entire list.
The continuous-list procedure involves complex articulatory and sequentiai-
response processes (Proctor, 1978), in addition to making possible nonperceptual
strategies for overcoming interference that might change with age (Posnansky &
Rayner, 1977). The discrete-trial procedure, where a reaction time to a single
stimulus js recorded, is a much more precise method and is therefore preferred over
the continuous-list procedure. It is thus relevant to note that two studies that have
provided some support for the predictions of automaticity theory (Guttentag & Haith.,
1978; West and Stanovich, 1979) have both used the discrete-trial procedure. Dif-
ferences between the two procedures are also probably the cause of the discrepancy
between the results of Martin (1978) and Ehri and Wilce {(1979).

Other possible reasons for tiie lack of support for the automaticity hypothesis {in
addition to the possibility that the theory is wrong) involve the reading level of the
subjects used in the experiments and the type of words that have been employed.
The words used in the Golinkoff and Rosinski (1976) and Rosinski et al. (1975} studies
were simple and fairly familiar. The use of highly familiar words, coupled with the
fact that even the second graders and unskilled third-grade subjects in these studies
were well beyond the initial stages of reading acquisitior:, may have resulted in a sort
of “celling effect” whereby the leveis of the words and subjects were not in a range
where the reading ability-automaticity relationship could be uncovered. This conjec-
ture is supported by research suggesting that the expected relation hegins to become
apparent when either more difficult words are employed (Pace & Golinkoff, 1976;
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West and Stanovich, 1979) or poorer readers are tested (Ehri, 1976; Guttentag &
Haith, 1978; West and Stanavich, 1979).

In Experiment 1 an attempt is made to remedy some of the problems discussed
above. An age range is investigated in which large changes in automatic processing
of written material would be expected. A color-naming task is used in which interfer-
ing stimuli are letters, high-frequency words, and low-frequency words (i.e., stimuli
that differ in frequency of exposure, and presumably automatization). Thus, changes
in the automatic processing of these differei:t types of written iteins can be observed
across the age range under consideraticn. A ceiling effect would not be expected
with low-frequency words. Finally, a discrete-trial presentation procedure is used
that is more precise and is less amenable to response strategies than is the
continuous-list procedure.

Two recent studies using the discrete-trial procedure (Guttentag & Haith, 1978;
West & Stanovich, 1279] have sirongly suggested that it is during first grade that the
most marked changes in sutomatic processing occur. However, bnth studies in-
vestigated fairly wide sge ranges and neither was able to clearly delineate the
development of automaticity during the crucial first-grade period. Thus, Experiment
1 was designed as a longitudinal investigation* where the same first-grade subjects
were tested at the beginning of the year, mid-year, and at the end of the year. It was
hoped that the result would be a more precise picture of how the automatic recogni-
tion of letters, high-frequency, and low-frequency words develops during the first
grade. Further, neither the Guttentag & Haith {1978) nor the West and Stanovich
(1879) study separated skilled from less-skilled readers in their first-grade subjects.
This was done in the present study since several investigators (e.g., LaBerge &
Samuels, 1874) have suggested that tasks tapping automatic processing might have
diagnostic value. It was thus thought important to see if the ability to automatically
process written material throughout the first-grade year relates to end of year reading
proficiency.

EXFERIMENT 1

Method

Subjects. The subjects were 24 first-grade chilaren {14 males and 10 females)
recruited from a predominantly middle-class elementary school. The children were
tested in late September, mid-February, and late April of the school year. At the end
of the year (early June) the teacher was asked to rank crder the 24 children on the
besis of their reading ability. The top 12 readers ~omprised the skilled group and the
bottom 12 comprised the less-skilled group. The children in each group were ad-
ministered Reading Subtest Level I of the Wide Range Achievement Test {Jastak, Bi-
jou & Jastak, 1965), the Reading subtest (sections A and B, Primary Level 1) of the
Stanford Achievement Test, and a short paragraph that was read orally and was tim-
ed by the experimenter (two subjects did not complete the latter two measures). An

'Prior to the execution of the studles reported here there had not been a longitudinal investigution of the
develoment of automaticity in first-graders. After the present studies hed been prepared for publication, the
research of Guttentag and Halth (198C) appsared. Although their design differed considerably from that of
Experiments 1 and 2, their resulis were largely consistent with ours, and thus served to increase our con-
fidence in the reliability of the findlags.
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analysis of the WRAT scores indicated that the mean reading ability of the skilled
readers was at the 3.0 grade level and the mean reading ability of the less-skilled
readers was at the 1.8 grade level. There was no overlap in the WRAT scores of the
two groups of children and the difference in means between the two groups was
highly significant, t(22) = 5.05, p < .001. According to the Stanford scores, the
mean reading ability of the skilled readers was at the 3.0 grade level and the mean
reading ability of the less-skilled readers was at the 1.6 grade level, a difference that
was highly significant, t(20) = 3.78. p < .001. Skilled readers read the paragraph in
a mean time of 85 seconds, whereas the mean reading time of the less-skilled readers
wes 116 seconds, t(20) = 4.36, p < .001. Not surprisingly, a check on the actual pro-
gress the children had made through beginning reading materials also confirmed the
teacher's ratings. Although they were not the main focus of the research, a group of
24 second graders were testsd in late April in order to insure that the assumption
(based, of course, on previous research) that there would be little development in
automatic recogrition skills after grade one was valid.

Stimuli and Apparatus. The stimuli consisted of the 26 letters of the alphabet, 26
high-frequency words, 26 low-frequency words, and strings of X's (the control con-
dition). The selection of the words was based on an inspection of the Dolch list, the
Kucera and Francis (1967) corpus, and a number of reading primers. The low-
frequency words had a mean frequency of 16.0 based on the Kucera and Francis
(1867) count and 24.0 based on the Carroll, Davis, and Richman {1971) count of third-
grade literature. The high-frequency words had a mean frequency of 326.5 based on

- Kucera and Francis and 509.2 based on Carroll et al. {1971). The stimuli were typed in
IBM Courier 72 font. Only the lowercase was used. Black and white negatives of the
stimuli were mounted on slides that were colored either red, yellow, blue, or green
with acctate film. The slides were projected onto a whiie screen by a Kodak Carousel
76GH projector. Thus, ‘the stimuli appeared as colored symbols on a white
background. Subjects sat approximately 90 cm from the screen, and the size of the
projection was such thrt a five-letter word subtended a horizontal visual angle of ap-
proximately 3 degrees. Letter stimuli were centered on the slide. Stimulus onset was
controlled by a Vincent Associates Uniblintz Shutter that was positioned over the
lens of the projector. When the experimenter pushed a contrc! button, the shutter
was electronically opened, and the projected image of the stimulus item appeared.
Simultaneously, a Lafayette Instruments electronic clock (Model S4418-A, accurate
to the millisecond) was started by the same push of the control button. When the sub-
ject verbally responded, a voice activated relay stopped the clock and closed the
shutter. The microphone that led to the voice activated relay waa held by the subject.

Procedure. The first-grade subjects were tested three iimes during the school
year, in late September, mid-February, and late April. The second-grade subjects
were tested in late April. The procedure was the sams for each testing. Subjects
were instructed to name the color of the stimulus as rapidly as possible. The suhjects
first completed 25 trials {5 practice and 20 experimental trials) in which they named
the colors of strings of X's. This condition prcvided a baseline so that interference
effects in the other conditions could be measured. Subjects then completed 78 trials
in which they named the colors of letters and words. The block of 78 ¢xperimental
trials consisted of a random ordering of 26 trials of each of the three stimulus types
(letters, high-frequency words, and low-frequency words). The distribution of colors
was the same across all three stimulus types.
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Results and Disv:ussion

Trials or: which the subject failed to articulate the color or had a response time
more than three standard deviations from the mean of that condition were scored as
subject errors and dropped from the analysis. These errors occurred on 8% of the
trials during the first testing, 6% of the trials during the second testing, 4% of the
triels during the third testing, and were approximately equally frequent across the ex-
perimental conditions. Analyses were based on each subject’s mean correct reaction
time in each of the conditions. The mean reaction time in the baseline condition was
1024 msec for the first testing, 784 msec for the second testing, and 744 msec for the
third testing. Interference scores were formad by dividing the subject's mean time in
the baseline condition into his mean time in each of the three experimentsl condi-
tions. These interference ratio scores were used in the analyses reported below.
However, it should be noted that virtually identical results were obtained when the
analyses were carried out on the difference scores formed by subtracting the mean
time in the baseline condition from the mean time in each of the experiraental condi-
tions. The results also did not change when median times rather than means were
employed.

The interference scores for all 24 subjects as a function of testing period and ex-
perimental condition are displayed in Table 1. An analysis of variance on the in-
terference ratios indicated that the effects of time of testing, F(2, 46) = 18.77, and
experimental condition, F(2, 46) = 20.66, were both sigzificant at the .001 level, but
that the experimental condition by time of testing interaction did not approach
significance. The interference ratios in all conditions were significantly different
from unity at the .001 level, except the low- and high-frequency word coAditions in
the first testing period. However, the high-frequency word condition did approach
significance (p < .10) in the first testing period. Planned orthogonal comparisons in-
dicated that the interference ratios for letters exceeded the mean interference ratio of

the two word conditions in every testing period (p < .005, 005, and .025, respective- "

ly) and that the two word conditions did not differ significantly from each other. It
should be noted, however, that in each testing period the interference ratio for the
high-frequency words exceeded that of the low-frequency words.

TABLE 1

Mean Interference Ratios as a Function of Time of
Testing and Experimental Conditions
{(Mean Difference Scores are Indicated in Parentheses)

Expe-imental Condition

High-frequency Low-frequency
Testing Period Letters Words Words
1. Late September 1.15% (148) 1.05 (39) 88 {-18)
2, Mid February 1.41% (329} 1.30* (251} 1.25% (201)
3. Late April 1.42* (332) 1.33* (273) 1.28* (238)

* Significantly different from 1.00 at the .001 level.

=
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The interference scores for the skilled and less-skilled readers are presented
separately in Table 2. The baseline times for the skilled readers were 998 msec, 737
msec, and 809 msec, for the December, February, and April testing periods respec-
tively. The corresponding baseline times for the less-skilled readers were 1050 msec,
831 msec, and 779 msec. Due to the relatively small number of subjects and the large
variability in the response times, these two groups did not differ significantly from
each other, nor was there an interaction between reader skill and experimental con-
dition. Nevertheless, a suggestive pattern was apparent. Specifically, in eight of the
nine conditions the skilled readers displayed larger interference scores, suggesting
that these subjects were experiencing greater interference. Also, for the skilled
readers in the first testing period the interference ratio for the high-frequency words
was marginally (p < .10) different from 1.0, whereas the scores of the less-skilled
readers in this condition did not approach significance. For the skilled readers, plan-
ned orthogonal contrasts indicated that the mean ratios for letters was significantly
higher than the mean of the two word conditions in testing periods one and twe but
not in testing period three. For the less-skilled readers, this contrast was significant
in each testing period. The intecference scores of the high-frequency words showed
marginal tendencies (p < .10) to exceed the scores of the low-frequency words dur-
ing the tnird testing period for the less-skilled readers.

TABLE2

Mean Interference Ratios as a Function of Time of Tesling,
Experimental Condition, and Reading Ability
(Mean Difference Scores are Indicated in Parentheses)

Experimental Coadition

High-frequency Low-frequency
Testing Period Letters Words Weords
Skilied Readers
1. Late September 1.17°* (182) 1.06 {55) .93 -7}
2. Mid February 1.48°°° {345) 1.38°%° (299]) 1.31%%° {243}
3. Late April 1.41°°% (324) 1.40°°° [315] 1.36°%* {318)

Less-skilled Readers

1. Late September 1.13°  {134) 1.03 {24 98  {-30)
. Mid February 1.38%°° (313} 1.22%¢ [203) 1.18% {158)
3. Late April 1.43°° (241) 1.27*¢ {230} 1.18% {158)

* Significantly different from 1.60 at the .05 level.
*+ Significantly different from 1.00 at the .01 level.
es+  gignificantly different from 1.00 at the .001 level.
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Finally, the interference sccres of the second-grade subjects are displayed in
Table 3. The mean reaction time in the baseline condition was 823 msec for these
subjects, and all three interference ratios were significantly different from 1.0 (p <
.001 in all cases). The interference scores of the second graders were almost identical
to those displayed by the skilled first graders during the last testing period, indicating
that virtually no further development of automatic recognition skills occurs for these
subjects after first-grade.

TABLE3

Mean Interference Ratios of the Second Graders
As a Function of Experimental Condition
{Mean Difference Scores are Indicated in Parentheses)

Experimental Condition

Lelters High-frequency Low-frequency
Words Words
1.391315) 1.41{338) 1.39(318)

As a whole, the results displayed a coherent pattern that was reasonably consis-
tent with automaticity theozy. Predictions regarding developmental trends were
strongly supported, but the automaticity measures were only weakly related to in-
dividual differences in reading skill. The combined data presented in Table 1 in-
dicated that at the beginning of the year the first graders had to some extent
automatized the recognition of letters, but not words. Better readers displayed a
slight tendency toward automatization of the high-frequency words, but this trend
did not quite reach statistical significance. A marked increase in the automatization
of all three stimulus types occurred between September and February. By February
all three stimulus classes displayed significant interference. There was very little
change in interference scores between February and April, indicating that the
automaticity function had already flattened out by the end of the first grade. Indeed,
the interference scores of the skilled readers during the last testing period were near-
ly identica! to those displayed by the second graders tes'ed late in the year. This fin-
ding is consistent witi1 previous research that has indicated that words niay become
automatized after only a few exposurez and that the development of automatic
recognition takes place primarily in the first year of reading instruction (Barron &
Baron, 1977; Ehri & Wilce, 1979; Guttentag & Haith, 1978, 1979; West & Stanovich,
1979). Finally, the ordering of experimental conditions were consistent with
automaticity theory in every testing period.

The analysis of individual differences was mildly supportive of the automaticity
theory. The variability inherent in the responses of subjects as young as first graders
contributed to the failure to detect a significani difference in interference between
the skilled and less-skiiled readers. Nevertheless, a pattern consistent with
automaticity theory is clearly apparent in the data displayed in Table 2. The skilled
readers had higher interference scores in all conditions except one (that condition
was the third-testing letter condition, where the performance of both groups should
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be at asymptote, thus rendering this one reversal less of an exception than it ap-
pears). From Table 2 it also appears that by the end of the year the skilled readers had
automatized the recognition of the three stimulus types to an equal extent, whereas
in the less-skilled readers automatization of words still lagged behind that of letters.
Planned contrasts confirmed the statistical reliability of this pattern and it is also con-
sistent with the results of West and Stanovich (1979). Nevertheless, from the stand-
point of the individual difference predictions of automaticity theory, the lack of a
statistically significant difference in interference between ability groups is
troublesome. Whereas speed of word naming is strongly related to reading ability
(e.g., Biemiller, 1977-1978; McCormick & Samuels, 1979; Stanovich, 1980, 1981), the
relationship between automaticity and reading ability appears to be rather weak. For
example, correlational analyses were carried out on some additional data that was
collected on the first graders during April, as part of another study. These subjects
named twenty words that were presented via discrete-trial procedure. The mean
naming times were highly correlated with WRAT scores (r = -.60, p < .005), Stan-
ford scores (r = -.51, p < .01), and paragraph reading time (r = -.71, p < .001). In
contrast, the correlations between the interference ratios and the three measures of
reading ability (see Table 4), although mostly in the right direction, were small in size
and many did not reach statistical significance.

TABLE 4

Correlations Between Measures of Reading Ability
And Interference Ratios

Experimental Condition

High-frequency Low-frequency
Testing Period Letters Words Words
WRAT

1. Late September -.04 .04 .18

. Mid February 12 .45° .40°
3. Late April -.17 .18 .21

Stanford
1. Late September 17 .22 . .38
2. Mid February .25 49°° .38
3. Late April -.07 11 .22
Paragraph Reading Time

1. Late September -.18 -.18 -.10
2. Mid February -.29 _ -.50°° -.35
3. Late April -.10 ~.27 -.44°

* p<.05

** p<.01
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The above results suggest the importance of distinguishing between automatici-
ty and speed, a point emphasized by Ehri and Wilce (1979) who argue that success in
recognizing word: can be assessed in regard to three criteria: accuracy, automaticity,
and speed. One could conceptualize these as three stages (the stages may be overlap-
ping, strict seriality is not to be implied) that are traversed in the development of
word recognition skills. First, the reader develops the ability to accurately identify a
given word. Next the reader develops the ability to recognize the word without
allocating attention to it (i.e., the recognition of the word is automatized). Finaliy,
during the time that automaticity is developing, and even after the word is fully
automatized, recognition speed continues to increase. The latter point is often lost in
discussions that center on the automaticity thecry itself, even though there is ample
evidence in the literature that recognition speed continues to increase after words
have become fully automatized. Several studies have faiied to find an increase in
automatic processing after the second- or third-grade reading level has been reached
(Golinkoff & Rosinski, 1976; Guttentag & Haith, 1978, 1979; Pace & Golinkoff, 1976;
Posnansky & Rayner, 1977; Rosinsky, Golinkoff & Kukish, 1975; West & Stanovich,
1978). In contrast, marked increases in word recognition speed occur as children pro-
gress beyond the second-grade level of reading ability (Biemiller, 1977-1978; McCor-
mick & Samuels, 1975; Perfetti, Finger & Hogaboam, 1978; Perfetti & Hogaboam,
1975; Stanovich, 1980; West & Stanovich, 1978). Thus, it is possible that by the end
of the first grade the better readers in the present study had fully automatized the
recognition of words and tieir further progress in reading was more dependent on
the development of speed rather than automaticity.

EXPERIMENT 2

It was thought desirable to replicate the trends in the development of automatic
recognition skills that were displayed in Experiment 1, since few studies have in-
vestigated this crucial age range. Furthermore, Experiment 2 provided the opportuni-
ty to make one important change and one important acdition to the methods
employed in Experiment 1. Schadler and Thissen (Note 1) have suggested that the
color-naming baseline condition consisting of a string of X's may be inappropriate,
because the X's themselves may be processed as letters and cause interference.
Thus, in Experiment 2 2 nonverbal stimulus, string of letter-size rectangles, served as
the control condition. Also, in order to further examine the issues raised above regar-
ding the relationships of speed and automaticity to reading ability, in Experiment 2
measures of how fast the subjects named the letters and words in isolation were ob-
tained in addition to measures of how much interference was caused by these
stimuli. This additional aspect alsn allowed for an examination of how the ease of
processing a word in isolation is related to the amount of interference caused by that
word in a Stroop situation, an analysis at the word level that relates importantly to
the adequacy of automaticity theory.

Method

Subjects. The subjects were 24 first-grade children {12 males and 12 females)
recruited from the same school as those in the first study. The children were tested
twice during the school year, in mid-December and mid-March. Twelve students
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were defined as skilled and 12 as less-skilled on the basis of teacher rankings as in
Experiment 1. An analysis of the children's scores oa t:.e Reading subtest of the
Stanford Achievement Test indicatea that the mean reading ability of the skilled
readers was at the 3.4 grade level and th2 mzan reading ability of the less-skilled
readers was at the 1.8 grade level, t(22) = 5.40, p < .001. The two groups also
displayed significantly different scores on the WRAT, t(22) = 4.18, p <..001, and
the Reading Survey Test (Primary 1, Form JS) of the Metropolitan Achievement
Tests, t(22) = 5.70, p < .001. The skilled readers read a short paragraph in 33.9
seconds, whereas the less-skilled readers took 79.1 seconds to read the same
paragraph, t(22) = 3.95, p < .005.

Stimuli and Apparatus. The stimuli and apparatus were the same as those
employed in Experiment 1 except that a new baseline condition was vsed and an ad-
ditional set of 78 stimuli were constructed. The baseline condition consisted of four

‘line drawings of small rectangles, each approximately the size of a letter, which had
their lines coiored in a manner similar to the letters. These baseline stimuli were thus
nonverbal, but had approximately the same amount of colored area as the words.
The 78 new stimuli were the same letters and words that were employed in the
Stroop condition, but the colored acetate films were not added to the black and white
negatives. Thus, these slides would serve as the stimuli for the condition where the
subjects named the letters and words in isolation.

Procedure. The procedure was the same for each testing. The Stroop condition
was administered as in Experiment 1. Approximately one week after completing the
Stroop condition, subjects weére administered the 78 noncolored stimuli in the same
manner as in the Stroop condition, except that the subjects were told to try to name
the letters and words as quickly as possible.

Results and Discussion

Trials on which the subject failed to articulate the correct stimulus, had a
response time greater than three standard deviations from the mean of that condi-
tion, »r failed to produce a response within 4000 msec were scored as subject errors
and dropped from the analysis. In the Stroop conditions these errors occurred in 4%
of the trials during the first testing and 5% of the trials during the second testing. In
the word and letter naming conditions these errors were, of course, much more.
numerous and will be analyzed separately. Analyses were based on each subject’s
mean correct reaction time in each of the conditions. Interference scores for the
Stroop conditions were formed as in Experiment 1. The interference ratio scores
were used in the analyses reported below. It was again the case that virtually iden-
tical results wer? obtained when the analyses were carried out on the different
scores, and analyses based on medians also did net chenge the results.

The interference scores as a function of testing period and experimental condi-
tion are displayed in Table 5. The mean reaction time in the baseline condition was
840 msec for the first testing and 760 msec for the second testing. The interference
ratios in all of the conditions were all significantly different from unity at the .001
level. An analysis of variance on the interference ratios indicated that the effects of
testing period, F(1, 23) = 12.82, p < .005; experimental condition, F(2, 46) = 7.98,
p < .005; and the testing period by experimental condition interaction, F(2, 46) =
5.62, p < .01, were all significant. Thus, all of the developmental trends displayed in
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Experiment 1 were replicated. Automaticity increased with time. Letters were more
automatized than high-frequency words, which were in turn more automatized than
the low-frequency words. The significant interaction indicated that the interference
for words increased more markedly than that for letters. By the March testing, the in-
terference ratios for the three stimulus types were nearly equivalent, indicating, as
did the results of Experiment 1, that the subjects were near asymptote. Thus, the
general pattern of the developmental results confirmed automaticity theory.

TABLES

Mean Interference Ratios as a Function of Time of Testing
And Experimental Conditions
{Mean Difference Scores are Indicated in Parentheses)

Experimental Condition

High-frequency Low-frequency
Testing Period Letters Words Words
1. December 1.57 (470) 1.44(351) 1.38 (312)
2. March 1.71(530) 1.72 {536) 1.831477)

Table 6 displays a breakdown of the interference scores by reading ability. In the
December testing the baseline time was 833 msec {or the skilled readers and 848 msec
for the less-skilled readers. In the March testing the baseline time was 761 msec for
the skilled readers and 760 msec for the less-skiiled readers. These data replicated
the pattern of results in Experiment 1. The difference between ihe interference
scores of the two ability groaps did not reach statistical significance. However, in the
word conditions, at each of the two testing periods, the skilled readers displayed
larger interference scores. In addition, the reader ability by experimental condition
interaction approached significance (F(2, 44) = 3.068, p < .08; the analysis of
variance on the difference scores indicated p < .04). As is clear from Table 8, the in-
teraction results because the interference scores of the skilled readers were more
nearly equivalent across stimuli type, whereas the scores of the less-skilled readers
showed greater differences across stimuli type. This Dattern suggests that the skilled
readers had automatized the three stimulus types to almost an equal degree and were
probably near asymptote. The less-skilled readers, however, had not developed the
ability to automatically recognize words to en asymptotic level. Although the pattern
of results regarding reading ability is consistent with automaticity theory, the trends,
as in Experiment 1, were rather weak. A consideration of the correlational deta also
confirms this conclusion and the results of Experiment 1. Although most of the cor-
relations between the interference ratios and the four measures of reading ability
were in the expected direction, very few reached statisticai significance.
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TABLE6

Mean [nterference Ratios as a Function of Time of Testing,
Experimental Condition, and Reading Ability
{Mean Difference Scores are Indicated in Parentheses)

Experimental Condition

High-frequency Low-frequency
Testing Period Letters Words Words
Skilled Readers
1. December 1.57 {456) 1.50 (398) 1.47(378)
2. March 1.70 (523) 1.76 (561) 1.69{514)

Less-skilled Readers

1. December 1.58{484) 1.37(308) 1.30 (246)
2. March 1.71(537) 1.68(511) 1.58 (439)

The mean times to name the stimuli in isolation and the mean number of errors
are displayed in Table 7 as a function of testing period and reading ability. An
analysis of variance on the naming times indicated that the effects of testing period,
experimental condition, and reading ability were all significant (p < .001, p < .001,

TABLE 7
Mean Naming Times as a Function of Time of Testing,

Experimental Condition, and Reading Ability
(Mean Number of Errors are Indicated in Parentheses)

Experimental Condition

High-frequency Low-frequency
Testing Perind Letters Words Words
Skilled Readers
1. December - 1054 (1.7) 1521 {8.8) 2i71{21.1)
March 1017 (1.7) 1189 (3.1) 1618 {13.4)

Less-skilled Readers

1. December 1102 {2.0) 1763 (20.4) 3782 {25.0)
March 991 {2.3) 1457 (10.2) 2292{22.5)
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and p < .01, respectively). The experimental condition by testing period and the ex-
perimental condition by reading ability interactions were both significent (p < .001),
as was the three-way interaction (p < .025). An analysis of variance on the number
of errors revealed trends parallel to those in the naming time analysis. The uffects of
testing period, experimental condition, reading ability, the experimental conditicn by
testing period, the experimental condition by reading ability, and the three-way in-
teraction were all significant at the .001 level. The two ability groups differed
markedly in the ability to name the stimuli accurately and rapidly. Interestingly, there
was no difference between the two groups in their ability to name letters, indicating
that the large differences in word naming were not due to an inability on the part of
the less-skilled readers to deal with the visual components of words. The large dif-
ferences in word naming accuracy and speed were, of course, consistent with much

TABLES

Correlations of Reading Ability with Naming Time and
Errors for each Experimental Condition

Experimental Condition

Testing Period Letters High-frequency Words  Low-frequency Words
Naming Errors Naming Errors Naming Errors
Time ' Time - . Time
WRAT
December ~.18 -.12 -.51°° -.77%*° -.56%° -.78%°°
March -.15 -.10 -.44° _ -.66°*° -.42* -.85°%*°
Stanford
December -.21 21 -.41° -.73%** -.60°%¢° -.46°
March -.04 -.21 -.41° -.83°*° - 75¢%°¢ -.67°°°
Metropolitan
December =11 .13 -.37¢ -.68°°*° -.63°°** -.42°
March -.02 -.37° -.44° -.87%¢° -.58%°* -, 72%%
Paragraph Reading Time
December .12 -.268 .44° .69*°** .55°*° .40*
March .17 13 .51*° .87%** JT1Eee .59%*e
*p < .05

**p < .01
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previous research (Biemiller, 1977-1978; McCormick & Samuels, 1979; Perfetti &
Hogaboam, 1875; Perfeiti, Finger & Hogaboam, 1978; Shankweiler & Liberman,
1972; Stanovich, 1980). It should also be noted that ability differences in word nam-
ing speed were apparent even though all words that were not known to the subject or
that produced unusually long reaction times were eliminated from the naming time
analysis. Table 8 displays the correlations between the four measures of reading
ability and the naming times and errors. Consistent with the analysis above, letter
naming did not correlate with reading ability, although word naming times and errors
displayed strong relationships.

The relationships between the speed and accuracy of word naming and in-
terference is interesting. Apparently, a considerable amount of interference can be
caused by words that the subject cannot even name correctly (compare the low-
frequency results in Tables 6 and 7). Presumably, this interference is caused by the
components of words (letters and familiar ietter clustersj rather than the word name
itself. These relationships can be examined by correlating the speed and accuracy
with which & subject nemes the stimuli and the amount of interference experienced
by that subject. Table 9 displays these correlations as a function of testing period and
stimulus type. No correlations approached significance for the letter stimuli, perhaps
due to ceiling effects. For words, particularly high-frequency words, there was a
mild tendency for subjects who named the words more rapidly and accurately to
display greater interference, a trend predicted by automaticity theory. Another way
to examine these relationships is in terms of stimuli rather than subjects. That is, do
stimuli that are named more rapidly and accurately produce more interference? In
order to address this question the data were collapsed across subjects in order to
form a mean naming time, accuracy, and interference score for each stimulus. The
interference scores for the stimuli were then correlated with naming time and zc-
curacy. These correlations are displayed in Table 10 as a function of testing period
and reading ability. The prediction cof automaticity theory, that stimuli are named
rapidly and accurately will display more interference, was confirmed in the data of
the less-skilled, but not the skilled readers.

TABLE9
Correlations of Interference with Naming Time and

Errors for Each Experimental Conditien
(Data Collapsed Across Stimuli)

Testing Period Experimental Condition Naming Time Errors
December Letters .15 ' 22
December High-frequency words -.32° -.46*°
December Low-frequency words -.12 -.02
March Letters .01 .10
March High-frequency words -.28° -.37°"
March Low-frequency words -.13 -.36°%°°
*p <.10

**p < .05
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TABLE 10

Correlations of Interference with Naming Time and Errors as a
Function of Testing Period and Reading Ability
{Data Collapsed Across Subjects)

Testing Period | _ Naming Time Errors

Skilled Readers

December .03 -.20"°
March 11 -.12

Less-skilled Readers

December -.36°" -.61°""
March -.21° ~.24°
*p < .65
*¢*p < .01
***p < .001
CONCLUSION

Experiments 1 and 2 provided valuable data regarding developmental changes in
automatic recognition. It was possible to trace the development of automaticity in
gome detail because the crucial first-grade period (which previous research had iden-
tified as important) was the focus of the research effort. Based on ihe results
reported here (and previous workj it appears that, indeed, a sharp increase in
automaticity occurs during the first grade, but that by the end of the year the
development of automaticity has begun to level off. This trend is particularly true for
skilled readers, who appear to have automatized the recognition of letters, high-
frequency words, and some low-frequency words to an equal extent. An analysis of
the relation between reading ability and automaticity was cnly modestly successful
in establishing the diagnostic value of indicators of automatic processing. Never-
theless, the pattern of results was reasonably consistent with the automaticity theury
of LaBerge and Samuels (1974). This is an important outcome since, as noted in the
introduction, there have been remarkably few empirical tests of the theory's
developmental predictions that have been unambiguously supportive.

An important implication of the research reported here is that word recognition
speed continues te increase even after recognition has become automatized. Thus, it
is crucial that the distinction between speed and automaticity be made by reading
theorists. The results are consistent with the conclusions of Ehri and Wilce (1979),
who argued that beginners need orly a moderate amount of practice before recogni-
tion becomes automatized. All of the first-grade readers in Experiment 2 had
automatized recognition to a certain extent, but only the skilled readers recognized
words rapidly. Thus, the results lend support to limited-capacity models (e.g.,
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Perfetti & Lesgold, 1977) that argue that slow word recognition strains short-term
memory and impairs reading, regardless of whether or not the word was recognized
automatically.

Finally, since first grade appears to be the critical period for the development of
automaticity, it would be of interest to relate this processing characteristic to the
three first grade reading stages defined by Biemiller (1970) in his study of oral reading
errors.
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