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The impetus for the present study came from nearly two
decadesof work on what Healy (1980) dubbed the “missing-
letter effect” (MLE). The effect describes a pattern in which
readers miss target letters appearing in frequently occur-
ring words more than they miss target letters appearing in
less frequently occurring words (Healy, 1976, 1994;Healy
& Drewnowski, 1983; and Healy, Oliver, & McNamara,
1987). The most robust and consistent disadvantageis ob-
served when target letters are embedded in highly famil-
iar functionwords such as the, and, and for. If one assumes
that the letter detection task is a relatively unobtrusive “on-
line” procedure for capturing processes that mediate flu-
ent reading, then the function word disadvantageindicates
that different classes of words are processed somewhat dif-
ferentlyduringnormal reading(see, e.g.,Haber & Schindler,
1981; Healy, 1976, 1980, 1994; Koriat & Greenberg,
1994).The question raised in the present study was whether
the reader’s fluency with the text attenuates the distinctive
processing of these two classes of words. Although we
know that both reading speed and comprehension improve
when texts are reread (Levy & Begin, 1984; Levy, Di Per-
sio, & Hollingshead, 1992; Raney, 1993), the effect of
rereading on the processing of words belonging to these
different classes has not been systematically investigated
(but see Raney & Rayner, 1995). Presumably, if the pattern
of letter detection undergoes a change in a familiar pas-
sage, it would signal that the pattern of encoding/or repre-
sentation of these two classes of linguistic units is also al-

tered. In the present project, we used procedures and stim-
uli that maximized reader familiarity with texts, in order
to test how text familiarity would affect the processing of
function and content words.

It was unclear whether rereading familiar text would
maintain or alter the magnitude of letter detection for
function and content words. Presumably, if rereading af-
fects processes that operate independent of those proper-
ties that distinguish function words from content words,
then the impact of rereading on the MLE should be negli-
gible inasmuch as error rates for function and content
words should be uniformly affected (see Scarborough,
Cortese, & Scarborough, 1977). However, if rereading al-
ters text processing to either reduce or accentuate the prop-
erties that distinguish function from content words, then
the size of the MLE should shrink or increase with text fa-
miliarization.

Levy and her colleagues(e.g., Levy, 1983;Levy& Begin,
1984; and Levy, Newell, Snyder, & Timmins, 1986) found
that the ability to spot misspellings in functionand content
words is not differentially affected by the familiarity of a
text. For both unfamiliar and familiar texts, letter detec-
tion in misspelled function words was slightly poorer than
in misspelled content words. Detection for both types of
misspelledwords improved uniformly in familiar passages
even as these passages were read more quickly. Levy con-
cluded that the effects of sentential role and passage fa-
miliarity are orthogonal.

Although these results are suggestive, there is reason to
question whether similar effects of text familiarity would
be observed when readers detect letters in functionand con-
tent words. Levy’s data captured the reader’s ability to detect
misspellings in what she aptly termed function and content
nonwords. Healy (1980) indicated that proofreading of
nonwords denies the reader direct access to word codes,
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In the present study, we investigated whether patterns of letter detection for function and content
words in texts are affected by the familiarity of the material being read. In Experiment 1, subjects
searched for target letters in sentences that had been rehearsed prior to performing the letter detec-
tion on them as well as on unfamiliar sentences. In Experiment 2, subjects searched for target letters
in highly familiar verses (e.g., nursery rhymes) and in unfamiliar sentences that were matched to the
familiar verses. A disadvantage in letter detection for function as compared with content words con-
sistently found with unfamiliar passages was reduced significantly with the familiar material in both
experiments. Specifically, letter detection for content words grew worse in familiar text, but letter de-
tection for function words showed a contrasting modest, though nonsignificant, improvement. The re-
sults are consistent with the proposition that in very familiar texts, parafoveal analysis permits the
identification of generally less familiar content words. Simultaneously, the normal pattern of weighing
the structure and content elements of text changes so that more fixations on function words occur
than when one is reading unfamiliar texts.
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thereby compromising possible processing differences
that might normally arise from the processing of frequent
function and less frequent content words. Indeed, Healy
and Drewnowski (1983) found that proofreading yielded
little difference in letter detection performance in mis-
spelled functionand contentwords, and Healy (1980) found
that the misspelling of the function word the actually led
to an advantage in letter detection relative to misspelling
of contentwords. One can contrast those findingswith the
robust and consistent function word disadvantage in letter
detection tasks in which target words are spelled correctly
(e.g., Greenberg & Koriat, 1991; Healy, 1976, Healy &
Drewnowski, 1983;Koriat & Greenberg, 1991;Moravcsik
& Healy, 1995).

At this point, we know of only one experiment in which
letter detectionperformance for correctly spelled function
words was compared with that for content words after
readers had first been familiarized with the text (Experi-
ment 2, Healy et al., 1987). Sequences of four and one
word displays forming a connected passage were pre-
sented on a screen to the reader. Each sequence of displays
was presented three times. Subjects detected the same let-
ter for every appearance of a particular display. The re-
sults yielded a reduction in letter detection errors with
each additional exposure, but with a greater reduction for
function than for content words. Thus, these results indi-
cated an interaction between text familiarity and factors
that distinguish function from content words.

Unfortunately the presentation condition of the afore-
mentioned study clouded the impact of text familiarity.
Familiarity with the passage was clearly confounded with
the practice of detecting letters for a particular display.
Proctor and Healy (1995) have demonstrated that specific
training in letter detection allows readers better access to
letter-level information, even in the context of reading,
and that such trainingcan greatly reduce or even eliminate
the frequent function word disadvantage. Thus, the bene-
fit provided function words in their experiment might be
attributed more to the practice received on letter detection
than to the repeated encounters with the text (see Proctor
and Healy’s discussion).

Although the proofreading task differs from the stan-
dard letter detection task,Levy and Begin’s (1984) account
of proofreading error patterns does provide a basis for
making predictionswith regard to letter detection in intact
words. Levy and Begin proposed that familiarizationwith
a message allows for more efficient reprocessing of the
syntactic and semantic information, freeing additional re-
sources for a more detailed analysis of visual patterns.
Presumably, the availability of additional processing re-
sources should improve letter detection in correctly spelled
function and content words as well, thereby leaving the
size of the MLE relatively unchanged.

The predominant explanations of the MLE, though—
that is, the unitization position of Healy (1994) and the
structural position of Koriat and Greenberg (1994)—
suggest different outcomes. The unitization model’s un-
derstanding of the MLE (Healy, 1976, 1994) assumes that

familiarity with specific linguistic patterns permits a
reader to rapidly process such text segments in higher
level word and phrase units. Once a large unit is identi-
fied, readers quickly proceed to the next text pattern be-
fore a reader can complete identification of the embedded
letters. From this perspective, increased familiarity with a
text ought to expedite higher level unit identification,
thereby inhibiting identification of lower level constituent
letters. However, if readers are familiarized with a text by
the typical procedure of repeated readings (as was done in
Experiment 1), letter detection in content words ought to
be adversely affected, whereas detection in function words
might remain stable or deteriorate only slightly. The basis
for this prediction is that repeated readings prior to per-
forming the detection task should enhance the familiarity
of lower frequency content words. In contrast, owing to
their already long-standingfamiliarity, additional encoun-
ters with function words ought to have little impact on
their unitization and hence detection of their constituent
letters.

The structural position attributes the MLE to a postlex-
ical period when identified function words are rapidly
pushed to the background of the linguistic representation
of the phrase and sentence (see Koriat & Greenberg, 1994).
Function words are identified early on in an effort to pre-
pare the structural framework for the meaning-laden con-
tent units (Bock & Loebell, 1990). However, the structural
units are less available than the contentwords immediately
after the structure is established. The MLE is thus seen as
a reflection of the diminished availability of the function
word in the maturing cognitive representation. Presum-
ably, then a familiar passage whose structure is completely
known in advancecould even more completelyand quickly
inhibit the processing of structural units, further compro-
mising letter detection in such items. With regard to con-
tent words, the structural model would predict little change
in processing, since it is presumed that content units are
maintained in the maturing representation.

EXPERIMENT 1

Method
Subjects. Twenty-four undergraduate students at Union College

were either paid $4 or given credit toward fulfilling a course option
for an out-of-class activity. The students had no previous experience
with the letter detection task. They were assigned to one of four pre-
sentation conditions.

Design and Materials. Two booklets were constructed for each
subject. A first “familiarization” booklet familiarized each subject
with a subset of critical sentences that contained the target function
and target content words. A second “detection” booklet included the
familiar sentences from the familiarization booklet as well as unfa-
miliar target sentences not from that booklet.

We prepared 40 short sentences, 30 of which were deemed criti-
cal and were included in the data analysis. Half of these sentences
contained target t words and the other half contained target d words.
The t and d target words always appeared in the middle of the sen-
tences and were never preceded or followed by another word with
the target letter. For the t target condition, the target function word
was the, and the target content words were familiar three-letter
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words beginning with t: tip, tax, two, tie, tea, top, try, and ten. For
the d target sentences, the target function word was and, and the crit-
ical content words were familiar three-letter words ending in d: kid,
led, old, end, bad, aid, bed, and red. In each of the 15 critical sen-
tences for each target letter, the assigned function word appeared
once along with one of the appropriate content words. Across the 15
sentences for each target letter, seven of the target content words for
each set appeared in 2 sentences, whereas the words tip and kid ap-
peared just once.

In addition to these critical sentences, five “distractor” sentences
were constructed for each of the target letters r and s. These sen-
tences were not used for the data analysis but were incorporated into
the materials simply to discourage subjects from trying to focus on
the appearances of t and d.

From the collection of sentences described above, four versions of
familiarization booklets were constructed. Of the15 t and15 d criti-
cal sentences, 5 were chosen for the two-repetition familiarization
condition, and 5 were chosen for the five-repetition condition. The
5 remaining critical t and d sentences were reserved for the nonrep-
etition sentences, and so they did not appear in these booklets. In the
two-repetition condition, a target sentence appeared by itself twice
on a page, whereas in the five-repetition condition, a sentence ap-
peared by itself five times on a page. Thus, the familiarization book-
let contained five pages each of t and d sentences for each of the rep-
etition conditions. All eight target content words appeared at least
once in the two- and five-repetition sentences, and five of the target
content words also appeared in the nonrepetition sentences. Ten other
pages in the booklet presented the distraction r and s target sen-
tences, with 2 r and 3 s sentences assigned to the two-repetition con-
dition, and 3 r and 2 s sentences assigned to the five-repetition con-
dition. The first two pages and the last page of each familiarization
booklet contained distraction sentences. Otherwise, the ordering of
the combination of repetitions for each target letter was randomized
across the booklet. A second familiarization booklet reversed the
page order of the first booklet. Finally, two other familiarization
booklets were generated by reassigning sentences that had been first
assigned to the two-repetition condition to the five-repetition condi-
tion and vice versa.

Each page of the detection booklets contained four sentences, in-
cluding one that matched the sentence on the corresponding page of
its partner familiarization booklet. When the matched sentence was
a t or d critical sentence from the familiarization booklet, it appeared
as either the second or the third sentence on the detection page.
When, the matched sentence was for the r or s targets, the sentence
was either the first or the last sentence on the page. The location of
the matching sentence was varied so that subjects could not antici-
pate the location of the repeated sentences on a page. In addition to
the matching sentences, on half the t and d target pages there was a
second critical sentence. The second critical sentence did not appear
in the familiarization booklet. These nonrepetition (unfamiliar) t and
d critical sentences also appeared in either the second or the third
sentence location, wherever the repeated (familiar) sentence did not
appear. On all pages, words containing ts or ds appeared in noncrit-
ical sentences as well. The sentences were printed on single lines
rather than in a paragraph format, although the four sentences actu-
ally formed reasonably cohesive passages. Since the detection book-
let’s pages corresponded to those of its companion familiarization
booklet, the order of its critical and distraction sentences was simi-
larly randomized.

Procedure. Sessions lasted 20–25 min. The subjects were given
a familiarization booklet and the companion letter detection book-
let. They read a page from the familiarization booklet aloud into a
tape recorder, while looking at the sentence on the page in the fa-
miliarization booklet. After reading a page of repeated sentences
from the familiarization booklet, the subjects next read the corre-
sponding page from the detection booklet silently. Detection pages
were not revealed until after a page of sentences was read from the

familiarization booklet so as not to indicate the target letter prior to
the performance of the detection task. When they were performing
the letter detection task, the subjects were told to read at a normal
pace while crossing out the target letter indicated at the top of the de-
tection page. They were further instructed not to go back to cross out
letters that they had missed. They were timed to encourage their
reading at an even pace. Finally, after every 10 pages, following the
letter detection, the subjects were stopped and asked simple ques-
tions about the content of the last passage read, thereby encouraging
reading for content. They were immediately informed of the accu-
racy of their responses.

Results
The central concern was how prior familiarizationwith

a text would affect the pattern of letter detection in the
structure-supportingfunctionwords relative to the meaning-
laden content words. All analyses used an alpha level of p =
.05, unless otherwise indicated.Prior to looking at the de-
tectiondata,we compared the average reading times on first
and last readings of repeated sentences in the familiariza-
tion booklet for the repeated conditions (two and five).
There was a slight saving in reading time (M = 3.06 sec on
the first reading vs. 2.92 sec on the final reading) that
proved significant [F(1,19) = 16.39, MSe = 0.04]. Reading
times were not recorded for the first 5 subjects. Although
these measures were not taken as subjects performed a de-
tection task, the savings in reading time across readings is
consistent with the “reprocessing” advantage disclosed by
Levy (1983; Levy & Begin, 1984; and Levy et al., 1986).
The results demonstratedan effect of prior familiarization
immediately before the subjects performed the letter de-
tection task.

The letter detectiondata are reported in Table 1 and were
initially analyzed in an analysis of variance (ANOVA) that
includedall three levels of repetition (five, two, and zero),
the two target letters (t and d ), and the two word roles
(function and content). Consistent with past research on
the MLE, there were more errors for function words
(73.55%) than for content words (13.95%) [F(1,23) =
349.5,MSe = 1.83]. In addition, a main effect of target let-
ter was found, indicating that the detection of ds in the
final position of a word was more difficult than the detec-
tion of ts in the initial position of a word [F(1,23) = 140.1,
MSe = 0.92]. As can be seen in Table 1, in particular, the
letter d in and was more difficult to detect than the t in the

Table 1
Mean Percentages of Letter Detection Errors for

Target Function and Content Words in
Repeated and Nonrepeated Sentences

No. of Repetitions

Word Class Letter 0 2 5 M

Function T 57.4 51.6 53.4 54.1
D 95.5 93.3 90.1 93.0
M 76.5 72.5 71.8 73.6

Content T 4.1 5.6 7.5 5.7
D 15.0 29.0 22.5 22.2
M 9.6 17.3 15.0 13.9
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[F(1,23) = 66.5, MSe = 1.34], and it was more difficult to
detect in contentwords as well [F(1,23) = 33.6, MSe = 0.40].

The primary focus, though, was the error patterns for
function and content words across the various repetition
conditions. In the repetition conditions, letter detection in
function words showed an approximate 4.35% improve-
ment in comparison with letter detection in the nonrepeti-
tion conditions, whereas content words suffered about a
6.6% increase in letter detection errors in the repetition
conditions, yielding a role ´ repetition (familiarity) inter-
action [F(2,23) = 4.27, MSe = 0.54]. The two and five rep-
etitions produced similar effects. An analysis comparing
both repetition conditions (two and f ive) indicated no
main effect of repetition or interaction involving it.

To further understand the nature of the role ´ repetition
interaction, we combined the two repetition conditions
and compared the collapsed conditionagainst the nonrep-
etition condition. The ANOVA demonstrated that the key
interaction between role and repetition remained reliable
[F(1,23) = 11.2, MSe = 0.30]. We also performed a more re-
stricted version of this analysis. In this comparison, only
repeated sentences that contained the five content words
that appeared in the nonrepetitionconditionwere included
in the computation of error rates for the collapsed repeti-
tion condition.Although this procedure resulted in a more
limited number of trials, it confirmed the role ´ repetition
interaction [F(1,23) =5.96, MSe = 0.76] with error rates
for function and content words of 76% and 9%, and 68%
and 15% for the nonrepetition and repetition conditions,
respectively. Finally, separate analyses of function words
and content words showed that repetition marginally re-
duced errors for function words [F(1,23) = 2.89, MSe =
0.33, p < .10] and increased errors for content words
[F(1,23) = 9.3, MSe = 0.29].

Discussion
The observed interaction was a dramatic change from

what Levy and her colleagues (Levy, 1983;Levy & Begin,
1984; Levy et al., 1986) found when they investigated the
effect of familiarity on proofreading.Given past inconsis-
tencies between proofreading and letter detection tasks in
connected text (Healy, 1980), this inconsistency was not
unexpected.The results make clear the importanceof lex-
ical status when one is assessing the effects of text famil-
iarity during reading. Importantly, they argue against a pro-
cessing benefit from such familiarization that spills over
to letter identification. Freeing of resources as a result of
prior readings apparently does not facilitate letter detec-
tion in contentwords. Although proofreading text for mis-
spelled words simply depends on the available processing
resources, detecting letters in intact words is more com-
plexly related to text familiarity.

The interactionbetween role and repetition was not en-
tirely consistent with the predictions of the structural and
unitization models either. According to the structural
model, one would expect a further deterioration in letter
detectionfor functionwords, and this didnot occur.The uni-

tization model performed somewhat better, in that it pre-
dicted a detriment for content word letter detection.How-
ever, it too predicted that if there were to be an effect of fa-
miliarity on function word letter detection, this would also
be to further inhibit detection. Although the effect of text
familiarization did not quite produce a significant posi-
tive effect on letter detection in function words, the inter-
action and direction of the effect on function words was
not what the unitization model anticipated. The interac-
tion, of course, indicated that text familiarity has an im-
pact on at least one feature that helps to differentiate the
processing of function and content words. One curious
finding was that five repetitions produced no greater ef-
fect than did two repetitions. Perhaps reading the text
aloud puts so much focus on each individualword that the
effects reach some asymptote with only two repetitions
(see, e.g., Carlson, Alejano, & Carr, 1991, regarding ef-
fects of reading words aloud).

EXPERIMENT 2

The strategy of Experiment 1 was to familiarize readers
with certain sentences immediatelybefore they performed
the letter detection task. The results of prior readings of
those sentences likely induced a temporary activation of
target word lexical and perceptual codes due to implicit
priming of the target words. A variety of implicit memory
priming studies have revealed that prior exposure to a
word often enhances its subsequent perceptual identifica-
tion (e.g., Jacoby, 1983).

Since the unitization model’s predictions matched the
outcome of text familiarity observed in Experiment 1 best,
it was considereduseful to test thatmodel’s ability to predict
the effect of text familiarity under a related though some-
what different manipulationof this variable. The elevated
error rates for contentwords observed in Experiment 1 were
predictedby the unitizationmodel because of the temporary
increase in the familiarization of the target content words
due to the repeated readingsof sentences.As has beennoted,
though, the model did less well with regard to function
words. In any case, in Experiment2, text familiaritywas ma-
nipulated without encouraging a temporary activation of
contentword familiarity. Instead, subjects read verses with
which theywere alreadyquite familiar. Presumably, the uni-
tizationmodelwouldpredict thatwhen readers tackledwell-
known verses, the phrases within would likely be unitized,
leading to a uniform increase in the concealment of letters
in all target words, as opposed to when the same words ap-
peared in matched unfamiliar verses. Drewnowski and
Healy (1977) have in fact suggested, though, that in highly
familiar phrases, function words such as the are somewhat
more apt to suffer poorer letterdetectionthanare constituent
contentwords. In sum, according to the unitizationposition,
this present manipulationof familiarity should lead to an in-
crease in letter detectionerrors for both classes of words in
familiar texts, althoughthe impact on functionwords might
be slightly greater.
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Method
Subjects. Thirty adult subjects who were familiar with the ex-

periment’s set of familiar reading material participated in the study.
The subjects were awarded $3 for their participation. 1

Design and Materials. Familiar texts were taken from popular
children’s books and movies. The material consisted of familiar sen-
tences from highly recognizable nursery rhymes, portions of chil-
dren’s song verses, and jingles from childhood movies. Twenty familiar
verses were collected in all. From these 20 familiar verses, 20 more
matching unfamiliar verses were derived. Sixteen verses from each
set (familiar and unfamiliar) were included in the experimental por-
tion of the study. Two verses from each set served as practice, and
2 more were used as the initial warm-up verses in the experimental
portion but were not scored.

The 16 experimental verses for each condition contained 12 tar-
get content and 12 target function words. Four verses per condition
contained 1 target function word, whereas another 4 per condition
contained 1 target content word. Finally, 8 verses per condition con-
tained 1 of each type of target word, function and content. The tar-
get words were neither preceded nor followed by another word con-
taining the target letter, and the target words never appeared as the
first word in a sentence. The target function word was always the,
whereas the target content words were short words with a single t in
either the first or the last position. Other appearances of the and con-
tent words with t (nontarget words) in the familiar and unfamiliar
verses were not included in the data calculation.

Unfamiliar verses derived from the familiar verses were matched
for word length and contained the same target words in the same lo-
cations as those for the familiar verses with which they were matched.
Furthermore, the grammatical structure surrounding the target
words was held constant for the familiar verse and its derived unfa-
miliar counterpart. Each verse contained from 11 to 48 words, with
an average of 23 words per verse appearing in one to four sentences.
No more than 11 appearances of the target t in target and nontarget
words occurred per verse. Finally, the number of appearances of t
(for nontarget as well as target words) was matched for the familiar
and derived unfamiliar verses. Below are two examples of familiar
and derived unfamiliar verses. Target words are italicized.

Familiar sets:

A. Hickory, dickory, dock! The mouse ran up the clock. The clock struck
one, and down he run, hickory dickory dock!

B. Jack and Jill went up the hill to fetch a pail of water.

Derived unfamiliar sets:

A. Fee, fie, foe! The boy climbed up the pole. The ogre struck once, and
made him fall, fee fie foe!

B. Amy and John went by the lake to catch a fish for later.

Experimental booklets consisted of a front page with instructions,
followed by four pages of reading material. The first page of read-
ing material (second page of booklet) contained the four familiar
and derived verses chosen for practice. The three succeeding pages
contained alternating familiar and unfamiliar verses, with the four
initial verses (two familiar and two unfamiliar) not being included
in the data. Verses were randomly distributed over the three pages,
with the stipulation that a familiar verse and its derived unfamiliar
verse not appear within 10 verses of one another. Thus, though the
types of verses were alternated, placement of related verses was such
that readers would not come upon two related verses for some time.
To control for order effects, two booklets were constructed. In one
booklet, a familiar verse began the alternating sequence, but in the
second booklet an unfamiliar verse began the sequence. The book-
lets were randomly assigned to the subjects, with half the subjects re-
ceiving each of the two orders.

Procedure. Each subject was instructed to read each verse nor-
mally, and while doing so to cross out a t wherever it appeared in the

text. They were issued the standard letter detection warning about
not going back to mark target letters already skipped. They were
specifically warned not to simply scan the text for ts.

Results
Letter detection errors were recorded for the target

function and content words in the familiar and their struc-
turally equivalent unfamiliar sets of verses. Table 2 indi-
cates that the difference in detection errors between the
function target words and content target words was con-
siderably smaller for the familiar than for the unfamiliar
verses (approximately a 16% function word disadvantage
in the unfamiliar condition, but only 6.4% function word
disadvantage in the familiar condition). Again reported
significance is at p = .05, except when otherwise indi-
cated. A two-way ANOVA to evaluate the effects of fa-
miliarity (familiar vs. unfamiliar) and word role (function
vs. content) yielded a main effect of word role [F(1,29) =
7.50, MSe = 7.10] and an interaction [F(1, 29) = 6.67, MSe =
1.44]. A further analysis was run to compare letter detec-
tion in the and only content words beginning with a t. Ex-
periment 1 suggested that the location of a letter in a target
word could be of some importance. Unfortunately, highly
familiar verses do not lend themselves to a symmetrical
representation of short content words for beginning and
final positions.Thus, only three target contentwords were
included in this analysis. Despite the limited number of
target content words, the interaction of role ´ familiarity
was still significant[F(1,29) = 4.41,MSe = 1.11],with mean
error rates for these content words of 6.6% and 13.2% for
unfamiliar and familiar texts, respectively (the function
data are the same as in Table 2). Follow-up comparisons
demonstrated that the effect of word role was highly sig-
nificant in the unfamiliar condition[F(1,29) = 11.86,MSe =
4.56], but not in the familiar condition [F(1,29) = 2.21,
MSe = 3.99, .10 < p < .15]. The difference in letter detec-
tion for function words across the two familiarity condi-
tions only approached significance [F(1,29) = 3.06, MSe =
1.57, p < .10], althoughthe difference in error rates for con-
tentwords didreachsignificance[F(1,29)= 6.44,MSe = .75].

Discussion
The results of this experiment converged with the key

findingsof Experiment 1, indicating that the MLE is more
pronounced when readers are required to detect letters in
unfamiliar texts. The only difference of substancewas that
the size of the MLE was not as large as that found in Ex-
periment 1. It is difficult, though, to compare the relative
sizes of these effects, given that we have no method of de-

Table 2
Mean Percentages of Letter Detection Errors

for Content and Function Words

Familiarity

Word Class Unfamiliar Familiar M

Function 34.7 30.0 32.4
Content 18.9 23.6 21.3

M 26.8 26.8 26.8
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termining the relative impacts of short-term repetition of
unfamiliar sentences versus long-term retentionof classic
rhymes on the attention given to individual words. How-
ever, others have speculated that reading aloud tends to
draw attention to the lexical level of processing (see, e.g.,
Carlson et al., 1991), perhaps thereby encouraging uniti-
zation of individual words that in turn might enhance the
MLE.

Of greater interest, though, is that once again the results
challenge the predictionsof existing models regarding the
MLE in familiar texts. The unitization model, which per-
formed best with Experiment 1, posits that letter detection
for both classes of words should be uniformly and ad-
versely affected by familiarization achieved through the
presentationof very well knownverses, rather than through
repetition of text. Unlike in Experiment 1, under these test
conditions, the less familiar content words shouldnot gain
a short-term elevation in familiarity that would lead to
some enhanced concealment of their constituent letters.
However, a different set of propositions generated by the
unitizationmodel could handle the increased difficulty in
letter detection for content words in the present experi-
ment. Specifically, Drewnowski and Healy (1977) ex-
plained that unitization might encompass whole phrases
when phrases are highly familiar. Nursery rhymes cer-
tainly contain such multiword phrase units. The model sug-
gests, however, that when such phrases appear, function
words are at least as likely as content words to be included
and disguised by such comprehensive units. According to
the model, this extra shell of unitization further conceals
a letter from detection, and thus letter detection in func-
tion (and other constituent) words should only get worse.
Alternatively, Moravcsik and Healy (1995) attributed let-
ter detection patterns to the time spent processing a word.
Presumably, in well-known verses less time is spent in
processing each word. Yet this too leads to a prediction of
a fairly uniform increase in errors across all words (at the
very least some increase in errors for function words).
Thus, for these propositions it is problematic to find even
a null effect for function words when content words show
a decrease in letter detection.

The structural model would anticipate an increase in er-
rors for function words. As has been indicated, the struc-
tural model holds that letter detection patterns mirror the
prominence of words in an evolving cognitive representa-
tion. With highly familiar texts, both content and function
words should be less prominent, and hence letter detec-
tion should have shown a general decline.Thus, it appears
that neither model handles the comprehensive effect of
text familiarity. In the General Discussion, we offer an al-
ternative explanation for how these classes of words are
affected by familiar text.

GENERAL DISCUSSION

The MLE diminished in both experiments primarily be-
cause letter detection in content words suffered substan-
tiallyas familiarity increased. In addition,a modest increase

occurred for letter detection in function words, replicat-
ing an earlier findingof Healy et al. (1987). The key point,
though, is that letter detection did not follow the same pat-
tern for both classes of words.

In order to understand these results, it is helpful to con-
sider some evidence and understandings provided by eye
movement research. A particularly pertinent observation
is that function words are apparently skipped more often
than content words. Carpenter and Just (1983) found that
readers fixated 83% on content words and only 38% on
function words. The pattern, in part, reflects that function
words are generally more predictable and frequent than
content words. Investigations of eye movement routinely
demonstrate that predictability enhances word skipping
(Balota, Pollatsek,& Rayner, 1985;Rayner& Well, 1996),
as does frequency (Reichle, Pollatsek, Fisher, & Rayner,
1998). Hadley and Healy (1991) posited that function
words, because of their high familiarity, are identified
when they appear in the parafoveal region and conse-
quently rarely draw foveal attention (see also Morrison,
1984). Moreover, Hadley and Healy assumed that in the
parafoveal region acuity is reduced to a point where the
identificationof a word’s details, including its constituent
letters, is compromised. According to Hadley and Healy,
foveal analysis is generally required for constituent letter
identification.Indeed, Saint-Aubin and Klein (2001) have
recently found that letter detection is worse for both skipped
function and content words than for fixated words.

If one assumes that prior familiarity with a text can in-
crease a word’s predictability,or momentarily enhance its
familiarity, then the identification of low-frequency, less
predictable content words would stand to benefit from
parafoveal analysis in very familiar text. Balotaet al. (1985)
determined that in highly constrained predictive contexts,
predictable words received considerably more parafoveal
analysis than did less predictable words.

Raney and Rayner (1995) examined how eye move-
ments in text were altered when a text was read more than
once. Importantly, they considered the impact of text famil-
iarization on the processing of high- and low-frequency
content words. Target content target words were read
faster during the second reading (13–18 msec overall), but
the decrease in time was much greater than the average
decrease in fixation duration (only 4 msec). They ob-
served that some “most likely function words” (p. 164)
showed no repetition benefit at all. Raney and Rayner
stressed that even in initial readings, parafoveal analysis of
function words permitted them to be skipped or led to
their rapid foveal identification. Moreover, they obtained
a marginally significant interaction of word frequency ´
text repetition with regard to the probability of fixation.
Fixating target words was less for high-frequency words
than for low-frequency words on the first reading, but not
on the second. However, it is also worth noting that on a
variety of other measures of lexical identification (e.g.,
first fixation or gaze time), improvement was consistent
across high- and low-frequency words. Nevertheless, the
fixation measure appeared to be consistent with Hadley
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and Healy’s (1991) proposition. Of course, it follows that
if text familiarity increases parafoveal analysis of content
words, but not function words, then letter detection should
deteriorate for only contentwords. It also is of interest that
in Experiment 1 the effect of repeated readings was
strongest for the target at the end of target word (i.e., d de-
tection in and plus its content word matches). Perhaps, the
first position target letters were less subject to processing
changes due to repetition since they might already have
experienced parafoveal analysis in a single reading (see
Rayner & Pollatsek, 1989).

What remains a mystery, though, is why letter detection
in function words did not follow the same pattern, and in-
deed gave some hint of improvement. We submit that in
the present study, the effect of familiarization was more
substantial than that investigated by Raney and Rayner
(1995). In Experiment 1, subjects read relatively short
passages (single sentences) several times. Presumably,
readers acquired a strong—perhaps even “verbatim”—
representation for such sentences, one much stronger than
that obtained in reading a long paragraph twice as in
Raney and Rayner. In Experiment 2, subjects read material
so familiar that they could probably have recited much of
each verse word for word.

In line with the structural model’s reasoning, under
these reading conditions, eye movements would be less
apt to be guidedby an early pursuit of structural units used
to lay the framework for meaning (see Dell, 1990;Koriat &
Greenberg, 1994).According to the structural model, read-
ers take advantage of the familiarity (frequency) of func-
tion words to process them parafoveally for structural de-
finition, and they generally direct their foveal attention
toward the content units that these words introduce (see
also Saint-Aubin & Klein, 2001). Evidence both from let-
ter detection study (Koriat & Greenberg, 1996) and eye
movement work (Schmauder, Morris, & Poynor, 2000)
has indicated that in unfamiliar texts, processing and/or
landings on content words following function words is
higher than that on content words following other content
words. In already very familiar texts, though, foveal land-
ings are apt to be less selective. As is suggested by fuzzy-
trace theory (Brainerd & Reyna, 1990), when a text is al-
ready known, readers may be approaching that text with
its gist already stored in working memory, and this may
derail the normal pattern of verbatim processing. Consis-
tent with this proposition,a variety of studies have demon-
strated that rereading benefits the processing of para-
phrases of an unfamiliar text along with the text itself
(Levy, Barnes, & Martin, 1993; Raney & Rayner, 1995;
and Tardif & Craik, 1989). Presumably, then, the reader’s
eyes move with less regard for the informative nature of an
upcoming word, thereby setting the stage for more hap-
hazard landings and thus greater possibility of fixating
function words. After all, if most words are suitable for
parafoveal identification due to a stored gist, the chance
that any content word will be skipped increases. Given
that readers are unlikely to inspect words well beyond the
first word in the parafoveal region (Rayner & Pollatsek,

1989), the increase in skipped content words could also
lead to an increase in arbitrary landings function words. In
accord with Hadley and Healy’s (1991) position, such oc-
currences should result in some improvement in function
word letter detection.

Our position is that the characteristics that differentiate
function and content words, such as frequency and pre-
dictability, undergo temporary adjustments in highly fa-
miliar texts that lead to a changing pattern of eye move-
ments. Although for the present study it may not be
necessary to consider the sentential roles of words as well,
in order to account for the impact of text familiarity, other
evidence suggests that this factor should not be dis-
counted.Greenberg, Inhoff, Koriat, and Seely (2001) have
found that skipping rates for very high and low frequency
content words are not affected by preview. However, skip-
ping of function words increases appreciably under pre-
view conditions. Saint-Aubin and Klein (2001) have de-
termined that for both skipped as well as fixated words
letter detection is still worse for function than for content
words. Finally, Schmauder et al. (2000) have discovered
that for measures of eye movement that reflect text inte-
gration processes, function words but not content words
require additional processing. They concluded, in accord
with the structural model, that in the initial representation
of a text, function words are not as prominent as content
words, and so when passages require more integration,
structural cues are revisited. Of course, letter detection
studies from a variety of languages (e.g., Koriat & Green-
berg, 1991, in Hebrew; Greenberg & Koriat, 1991, and
Greenberg, Koriat, & Shapiro, 1992, in English; Saint-
Aubin & Poirier, 1997, in French) have also pointed to the
importanceof sentential role. Thus, it is premature to sug-
gest that the hypothesized change in discriminative
parafoveal processing results only from momentary ad-
justments to a word’s frequency or predictability.What the
present results appear to signal is that models that provide
reasonable insight into the processing of classes of words
in unfamiliar texts (the vast majority of reading) are less
able to account for performance in very familiar texts, or
at least require some modification.

In sum, although the exact mechanism and variables
that contribute to a shift in the processing of individual
words and word classes is unclear, the present results leave
little doubt that these two classes of words are handled
quite differently. Moreover, the disparate effects of famil-
iarity on function and content words suggests that in an
environment in which parafoveal identification can play a
more dominant role (i.e., in very familiar text), the pattern
of parafoveal analysis is modified considerably. Clearly
these results demonstrate that the reading of very familiar
texts engages a different pattern of processing than that
witnessed for the reading of unfamiliar texts.
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NOTE

1. Three subjects who participated in Experiment 2 were not included
among the 30 subjects counted in the data, since they had indicated dur-
ing postexperiment questioning that they were unfamiliar with most of
the “familiar” verses. Checks of the other subjects indicated that they
were very familiar with these verses.
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<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


