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Effects of Segmented and
Whole-Word Sound Feedback on
Learning to Read Single Words

GERARD W. G. SPAAI
HENK H. ELLERMANN

Instituie for Percepiion Research, Eindhoven

ABSTRACT Two experiments were conducted in
which two ways of dealing with reading mistakes by beginning
readers were systematically examined. In one condition (whole
word), the whole correct word sound was provided when a read-
ing error was made or when the pupil did not read the word
within a certain time limit. In another condition (segmented
feedback, the correct word sound was produced phoneme-by-
phoneme when a reading error or an omission occurred. Learn-
ing effects, as measured by differences in reading times and the
number of errors made in the pretest and the posttest, were
compared with a control condition in which children received no
feedback. The two experiments differed in terms of subjects
(first graders with 9 months vs. 4 months of reading experience)
and the rate of presenting the phonemes in the segmented-feed-
back condition (the phonemes were presented at a rate of 250
msec vs. 750 msec). The results of both experiments consistently
showed a significant learning effect for the whole-word condi-
tion with regard to reading accuracy. In the first experiment, we
found a reliable difference between the segmented-feedback and
the control condition: more was learned in the segmented-feed-
back than in the control condition. In the second experiment,
we found a significant difference between the whole-word con-
dition and the segmented-feedback condition: more was learned
in the whole-word condition than in the former condition.
Thus, whole-word sound feedback was most helpful in both ex-
periments, and the learning effects of segmented-feedback were
intermediate between those of the whole-word condition and the
control condition. Along with possible explanations, the results
are discussed in terms of their implications for oral reading prac-
tice and the appropriate use of synthesized speech in independ-
ent computer-based reading exercises.

As graphemes in alphabetic scripts generally corre-
spond to the phonemes of the spoken language, a
common approach in beginning reading instruction to-
day is to explicitly teach the symbol-sound correspon-
dences of the writing system. Learning to decode, that is,
learning to associate sounds with letters or letter clusters
and then to combine the separate sounds into a contin-
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uous sound pattern that constitutes a single word is co
sidered to be an essential ingredient of learning to rea
(Perfetti, 1985; Reitsma, 1984; Stanovich, 1986). Decox
ing seems to be beneficial for beginning readers for
least two reasons. First, decoding skills may provi
some independence for beginners because they enatj
identification of unfamiliar printed words without th
help of a teacher or another reader. Although the rel
tionships between letters and sounds are not complete
consistent and predictable in most alphabetical lan
guages, knowledge of regular letter-sound correspor
dences can help to generate approximate pronunciat’io‘f
for many printed words. Second, the procedure for an:
lyzing printed words into subunits of pronunciation m
facilitate the acquisition of knowledge about the visu
orthographic structure of words. Because the child’s a
tention during decoding is directed to many visual const
tuents of a word, decoding may aid in developing wo:
recognition ability (Barron, 1986; Reitsma, 1983).
Although most people now agree that the issue
initial reading instruction is no longer whether children
need instruction on the basic structure of print-to-sou
mapping, there is less consensus on exactly how decoding
should be taught. Types of decoding instruction vary, f
example, depending on (a) the extent to which the soun
associated with the letters are to be pronounced in isol
tion, (b) to what extent blending skills are explicitl
taught, and (c) the way in which the teacher deals wi
mistakes (Anderson, Hiebert, Scott, & Wilkinson, 1985
In the present study, we examined the effects of the dif-
ferent ways in which reading errors might be reacted to

Address correspondence to Gerard W. G. Spaai, Institute ft
Perception Research IPO, P.O. Box 513, 5600 MB Eindhovei
The Netherlands, or Pieter Reitsma, Paedologisch Institun
P.O. Box 303, 1115 ZG Duivendrecht, The Netherlands.
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Verbal feedback to reading errors is a complex deci-
sion-making process in which mainly three factors are in
operation—the #ype of reading errors that should be re-
sponded to, the timing of the feedback, and the form of
the feedback (Hoffmann, O’Neal, & Clements, 1982). In
general, there are two tactics used in reacting to reading
errors—word-analysis and word-supply strategies. In the
word-analysis approach, the reader’s attention is focused
on sounding out the word’s component elements and
combining them to form the sound of the word. In the
‘word-supply procedure, the correct word is provided
when an error is made. In both strategies, feedback is
given regardless of the reader’s experience, the context of
the type of reading error, or the type of word.

+ In a recent study with learning-disabled and education-
ly handicapped children, Meyer (1982) examined the ef-
fects of different word-attack strategies. In one word-
analysis procedure, the teacher focused the reader’s at-

tention on the structure of the word and then helped the

ader to pronounce the word correctly. Another word-

alysis procedure involved identifying parts of a word,
applying a rule, and then saying the whole word. In the
ord-supply procedure, the teacher provided the correct
word orally when a reader was unable to identify a word
correctly. Results showed no significant differences be-
een the word-analysis and the word-supply procedures.
Similarly, in the research by Bouwhuis and Triun (1986)
th dyslectic children, no differences in learning effect
were found between the word-supply procedure and a
ord-analysis strategy in which the word’s component
llables were sounded out. Moreover, no significant dif-
rence in learning effect was found in a comparison of
e two strategies to a condition in which no support was
given. This finding may have resulted because the chil-
en who participated in the experiment were severely
reading disabled and so did not learn much anyway. In
one of the studies performed by Wise (1987) with first-
d second-grade children, single words presented on a
mputer display were read aloud while hearing the
oken form of the word either at the whole-word level,
oneme-by-phoneme, with subsyllable segments, or syl-
ble-by-syllable. The results showed that phoneme-by-
oneme feedback was the least helpful across all age
d reading-ability groups. Although no other significant
ferences were found, consistent trends suggest that
hildren’s reading experience may affect their ability to
nefit from units of different sizes. Low-ability first
graders showed the most difficulty with subsyllables,
ereas high-ability second graders showed a consistent,
but not significant, trend of any benefit of a subword
it beyond the benefits of the whole-word presentation.
this study, however, spoken feedback was provided
th the help of an advanced text-to-speech synthesizer
at may have negatively affected the intelligibility of the
Spoken form of the word, especially when presented
bhoneme-by phoneme (Reitsma, Ellermann, & Spaai,
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1987). Furthermore, the spoken and the written forms of
the word were presented simultaneously, which may have
affected the reader’s attitude toward reading because the
reader might have been less motivated to read the word
independently. Finally, learning effects were measured
only over a short period. ,

As opposed to the studies described above, in which
the task to be performed consisted of reading single
words aloud, Olson, Foltz, and Wise (1986) studied third-
to sixth-grade reading-disabled children who silently
read text from microcomputer displays linked to speech
synthesizers. Moreover, in this study, subjects were able
to ask for the spoken form of the word whenever they
wanted, whereas in earlier studies, the spoken form of
the word was presented if the reader was unable to read
the word within a certain time limit. The results showed
no differences in learning effect between segmented (syl-
lable-by-syllable or phoneme-by-phoneme) and nonseg-
mented (i.e., the whole-word sound) feedback. There
was, however, a significant difference between the condi-
tions in which support (i.e., sound feedback) was provided
and a (control) condition without feedback; that is, chil-
dren learned more when they received feedback. Also,
other studies (Jenkins & Larson, 1978; Perkins, 1988)
provide little or no evidence as to the question of the rela-
tive superiority of word-analysis or word-supply correc-
tion procedures.

In summary, no conclusive evidence is yet available on
the differential effects of various word-attack strategies
in drill-and-practice-type exercises. Nearly no informa-
tion about the learning effects of the different strategies
with normal beginning readers is available. Two experi-
ments were therefore conducted to investigate the learn-
ing effects of two different strategies (i.e., the word-anal-
ysis and word-supply procedures) in normal beginning
readers; timing and the selectivity of the feedback (the er-
rors that receive feedback) were held constant. In the
word-analysis procedure, the sound of the word is pre-
sented phoneme-by-phoneme when the child is unable to
read the word correctly within a certain time limit (seg-
mented-feedback condition). In the word-supply proce-
dure, the whole word sound is presented when an error is
made or when the word is not read at all (whole-word
condition). Effects of word-attack strategies were meas-
ured as a function of the results before and after the
learning sessions. Although no clear differences in learn-
ing effect between the two procedures of handling read-
ing errors were found in the above-cited studies with
reading-disabled children, we expected beginning readers
to learn more when a word-analysis procedure was used,
for the following two reasons. First, the role of the
reader, who still has to combine the -constituent
phonemes to identify the word after hearing the sound of
the word phoneme-by-phoneme, is activated in the proc-
ess of reading. When the whole-word sound is presented,
the beginning reader does not have to attend to the
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word’s component elements, nor put them together in or-
der to identify the word, because the whole-word sound
has already been presented. Second, segmented feedback
could have more positive effects because of the possible
facilitatory influence on the basic process of decoding
graphemes into phonemes within a word-specific context.

Experiment 1

Method
Design and Procedure

In the first experiment, comparisons were made be-
tween three groups of beginning readers practicing the
reading of single words under different experimental con-
ditions. Each reader practiced under only one such condi-
tion. In each practice condition, children were instructed
to read aloud, as accurately and quickly as possible,
words that were presented to them on the screen of a
computer. Appropriate to the practice condition to which
the reader was assigned, he or she was told whether and
in what form spoken feedback would be provided, when-
ever a word was not read correctly within a certain time
limit. The children participated individually in three
learning sessions, each on 3 consecutive days.

In the first condition (the whole-word condition), the
whole-word sound was presented auditorily when the
child made a reading error or when a word was not read
aloud correctly within a fixed time limit (8 s). In either
case, the experimenter pressed a key on the keyboard,
and the whole-word sound was provided by the com-
puter. The word disappeared from the screen 1.5 s later.
Another key was pressed when the word was read cor-
rectly. In this case no feedback was given, and the word
disappeared from the screen almost immediately. In both
cases, the next word was displayed on the screen 2 s later.

The second condition (the segmented-feedback condi-
tion) was similar to the whole-word sound feedback con-
dition, the only difference being that the feedback was
provided phoneme-by-phoneme, with a 250 msec pause
between phonemes. The vowels and fricative consonants
(e.g., /f/, /v/, /s/ and /z/) were spoken in isolation,
whereas the stop consonants (e.g., /k/, /g/, /t/, /d/,
/p/ and /b/) were always followed by a short segment of
the vowel schwa.

The learning effects in the whole-word and the seg-
mented-feedback condition were compared with a con-
trol condition in which the children received no feedback.
When a child had read the word aloud, the experimenter
pressed a key on the keyboard, and the word disappeared
from the screen 1.5 s later. In that way, we prevented
readers from realizing that no feedback was presented
and concluding that the word was read (in)correctly as a
result of the way feedback was presented in traditional
classroom settings (Mahaffey, Brophy, & Anderson,
1975). The word disappeared from the screen automat-
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ically whenever a word was not read within the maximum
reading time. A new word was presented on the screen af- -
ter a fixed interval of 2 s. On average, each learning ses-
sion took about 8 min.

The day before and the day after the learning sessions,
the children were instructed to read aloud, as quickly and
accurately as possible without feedback about reading
times and accuracy, the words that were presented during
the training sessions. During the pretest, posttest, and
learning sessions, the experimenter presented the words
in different random orders to prevent word-location
learning. As in the learning sessions, the children did a
practice set of three trials on the pretest and the posttest
to become familiar with the experimental procedure,

Reading times and reading errors were recorded on-ling
during the pretest and the posttest. The clock began at
stimulus onset. Immediately after the subject had said the
whole word, an experienced experimenter pressed the“‘
keyboard space bar to record the reading time. The word
then disappeared from the screen almost immediately;
and the experimenter judged the correctness of the words
and registered that decision via a typed-in code. Reading
errors that were immediately -self-corrected were not
counted. An omission was recorded if the child did not
read the word within the time limit. Omissions were
counted as reading errors.

Subjects

Sixty first-grade children (27 girls and 33 boys) from
three different classes of a normal primary school partici-
pated individually in the experiment. The children’s ages
ranged between 6.6 and 7.4 years, with an average age of
7.1 years. At the time the study was conducted (May-
June), all the children had received about 9 months of
formal reading instruction at school using the same read-
ing method (Caesar, 1980; see also the Materials section). -
Prior to the experiment, a standard reading test (Mom-
mers, 1983) that accompanies the reading method was
administered. The reading score was the number of
words read correctly within 1 min. Scores for the grou
ranged between 21 and 57 (out of 100), and the mean
score was 39.5 (SD = 9.8). The normative score for first
graders at this level of reading education is 37, which in--
dicates that our subjects could be considered normal
first-grade readers (Van Dongen & Mommers, 1980). The
subjects were matched in groups of three as closely as
possible according to the reading achievement scores.
Within each group, the subjects were then randomly as-
signed to one of the three experimental conditions. Equal
numbers (20) of children participated in the contro! con-
dition, the whole-word sound feedback condition, and
the segmented-sound feedback condition; the mean read-
ing test scores for each group were 38.6 (SD = 9.7), 39.9
(SD = 9.7), and 39.9 (SD = 10.1), respectively. The
scores did not differ significantly (F < 1).
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Equipment

The words were presented individually on the screen of
a Macintosh-Plus microcomputer. Using software provi-
sions for bit-mapped graphics, the third author cfeated
an alphabet in a font that closely resembles the type font
and size children are confronted with in their regular
reading materials. When presented on the display, the
words were about 9 cm wide and 1.5 cm high. The view-
ing distance was about 30 cm. The speech sounds used
for feedback were first recorded on tape by an experi-
enced male speaker and then digitized at a sampling rate
of 10 kHz, reproduced through the 8-bit-digital-to-ana-
log converter of the microcomputer and presented by
means of its internal loudspeaker. The delay between
the triggering of the speech reproduction procedures
and the actual speech production was about 8 s. A
20-Mb hard disk was used for storage of the speech
sounds and instructions.

Materials

The stimuli were Dutch words (target wofds) that were
within the spoken receptive vocabulary of 6-year-old chil-
dren (Kohnstamm, Schaerlackens, de Vries, Akkershuis,
& Froonincksx, 1981). The 30 target words contained dif-
ferent numbers of phonemes, that is, five (2 words), six
(2 words), seven (12 words), eight (12 words), or nine (2
words) phonemes. Although the words were unknown in
written form and relatively difficult to read to the sub-
jects, there were generally no inherent difficulties in de-
ciphering the words by using letter-to-sound correspon-
dences—the words were regular. Correspondences be-
tween letters and sounds are far more regular in Dutch
orthography than in English, so one can obtain approxi-
mate pronunciations for most of the words one encoun-
ters in (early) reading materials.

The selection of the stimulus material was based princi-
pally on' the structure of the basal reading program
(Caesar, 1980). So the words selected constituted a repre-
sentative sample of the regular reading program. The
program is a mixture of a phonics and a look-and-say
method, and it can be classified as a method of indirect
Dphonics (Chall, 1979). In that method, one starts with the
reading of simple regular words consisting of three, four,
or five phonemes. Children first learn to identify the
words as wholes, but soon they are instructed to decode
them. In general, during the first 4 months of reading in-
struction, children learn to identify (unknown) words by
letter-sound correspondences. Soon children become
proficient at decoding simple regular words, and after a
period of 4 or 5 months, most of them are able to identify
words that consist of four to seven phonemes. At the end
of 1 year of reading, most children are able to identify
regular and irregular words consisting of five, six, seven,
eight, or nine phonemes that are within their spoken re-
ceptive vocabulary (for a more extensive description of
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initial reading instruction in the Netherlands, see Reitsma
& Verhoeven, in press).

According to the teachers in the selected primary
school, the children knew the spoken form of the words,
but the words had never before been presented to them in
written form. The words were selected in such a way that
their difficulty was slightly above the current reading
ability of the children. The procedure was checked in a
pilot study by presenting the words to 24 first graders of
comparable reading ability. The results showed that 67%-
of the words were read incorrectly. In an attempt to keep
the children motivated during the experiment, an easily
readable word on which they were thoroughly trained in
the reading method (e.g., fiets [bicycle]; voetbal [foot-
ball]) was presented to the children occasionally (five in
all). Three words were presented in the introduction of
the experimental sessions to let the children get accustomed
to the experimental setting. In all, 38 words were read per
session.

Results

Reading errors. For about one half of the words, chil-
dren received sound feedback three times, that is, once in
each of the three training sessions. But for almost 20% of
the words, no errors were made, and thus no feedback
was given. For a small number of words, sound feedback
was limited to once or twice, 16% and 18% of the words,
respectively. The average number of reading errors dur-
ing the three training sessions was 17.2 (SD = 5.8). An
analysis of variance was performed with practice condi-
tion and the frequency of sound feedback as factors to
determine whether there was a significant interaction
between the learning effect of the condition and the
number of times that feedback had been presented. The
analysis showed that no significant interaction existed
between the number of times feedback was presented
and practice condition (F < 1).

Although more than half of the words were read incor-
rectly at the pretest (52.4%), there are several reasons for
assuming that the words to be read were noft too difficult
for the readers involved. First, on average, only about
26.4% of the words were read incorrectly at the posttest.
This result indicates that after only a few exposures to the
words, a decrease of reading errors was found at the
posttest. Second, in only a very few cases did the children
fail to learn anything. One reader read all the words in
the pretest and the posttest incorrectly; 5 others read all
words correctly at both tests.

Over all conditions (see Table 1), children made fewer
reading errors at the posttest than they did at the pretest,
F(1, 58) = 254.06, p < .0l. An analysis of variance was
performed with the time of testing (pretest versus post-
test) as a within-subjects factor and with the experimental

condition as a between-subjects factor. A significant in-

teraction with respect to reading errors was found be-
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Table 1.—Average Number of Reading Errors in the Pretest and
Posttest in the Three Conditions in Experiment 1

Condition Pretest® Posttest® Pretest-posttest
Segmented word 16.2 7.5 8.7

7.0 4.6) 3.8)
Whole word 14.7 5.7 9.0

6.3) 3.7 @.0)
Control 16.5 10.6 5.9

(6.6) 5.7 3.9
Average 15.8 7.9 7.8

6.5) 6.1 @.0)

Note: Maximum number of reading errors was 30. Standard deviations are given
in parentheses. b

aRzmge of reading errors at the pretest was 5-30. “Range of reading errors at the
posttest was 0-23.

Table 2.—Mean Reading Times for Correctly Read Words at the
Pretest and Posttest in the Three Conditions in Experiment 1

Condition Pretest Posttest Pretest-posttest
Segmented word 4.7 3.1 1.7

(1.6) (1.4 (1.9
Whole word 4.9 32 1.9

(1.6) (1.4 @n !
Control 4.9 33 1.6

(1.9) (1.6) (1.9
Average 4.9 3.2 1.7

(1.7) (1.9 (L.9)

Note: Mean reading times are given in seconds. Maximum reading time was 8 s.
Standard deviations are given in parentheses.

tween the time of testing and the experimental condition,
F2, 57) = 4.12, p < .05. The analysis showed a signifi-
cant effect of the covariate, F(1, 56) = 57.90, p < .01, in
that there was a tendency for the decrease in reading er-
rors to be greater for the poorer readers. The tendency
was found in all conditions. There was a reliable effect of
condition on the decrease in reading errors, F(2, 56) =
11.20, p < .01. A posteriori Scheffé contrasts
showed a significant difference between the whole-word
condition and the control condition, p < .05. A reliable
difference between the segmented-feedback condition
and the control condition was also found, p < .05. How-
ever, the difference in learning effect between the two
feedback conditions was not significant, p > .05.

Reading times. Table 2 presents the average reading
times during the pretest and posttest in the three experi-
mental conditions. The mean reading times for the target
words correctly read both at the pretest and posttest were
4.9s(SD = 1.7) and 3.2 s (SD = 1.4), respectively. Over
all conditions, children needed less time to read the words
correctly at the posttest than they did at the pretest, F(1,
56) = 12.38, p < .01. An analysis of variance with the
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time of testing (pretest versus posttest) as a within-sub-
jects factor and with the experimental condition as a be-
tween-subjects factor showed no interaction with respect
to reading times between the time of testing and the ex-
perimental condition, F(2, 55) = 2.01, p > .05. An anal-
ysis of covariance was performed on the difference scores
in reading times with the pretest score as a covariate. The
effect of the covariate was not significant, F < 1, and no
effect of condition was found, F(2, 54) = 2.27, p > .05.
Moreover, no effect of condition and no significant ef-
fect of the covariate were obtained when only words were
considered that were read correctly at both the pretest
and the posttest and read incorrectly once or more during
the training sessions.

Discussion

The results showed that there were no significant dif-
ferences between the three conditions with regard to read-
ing times. The analysis of reading times involved only
a few words that were read correctly both at the pretest
and at the posttest and incorrectly once or more during
the training sessions (18% of the words). Because the
words read correctly at both the pretest and the posttest
were probably already known to the reader, we could not
expect an effect from sound feedback.

There were significant differences between the three
conditions with respect to reading errors made at the
posttest; that is, the children made fewer errors under the
feedback conditions than they did under the control con-
dition. Differences betewen the two feedback conditions
were not reliable. Thus, we failed to observe the predicted
advantages of the segmented-sound feedback over whole-
word feedback. Presentation of the whole-word sound
probably gives sufficient information to the readers for
them to notice the discrepancy between the incorrect ut-
terance and the correct sound of the whole word. Also,
in the segmented-feedback condition, word-constituting
elements are presented separately at a high rate—one
phoneme per about 250 msec—and have to be kept in
mind simultaneously, which makes high demands on
short-term memory and working memory. Therefore, the
reader is possibly unable to assimilate the labeling of
phonemes to graphemes. For this reason, the facilitative
effects of segmented-feedback on learning to read words
may have been limited in this experiment.

To investigate if the effects of sound feedback are re-
lated to the reading level of the children, we performed a
second experiment with children who had received less
reading instruction. Also, the presentation rate of the
phonemes under the segmented-feedback condition was
slowed down to facilitate the processing of isolated word-
constituting elements. The experiment was also intended
to test the generalizability of the results obtained in Ex-
periment 1.
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Experiment 2
Method

Procedure and Stimuli

The criteria for selecting the stimuli and procedures
during training were similar to those in Experiment 1, ex-
cept for two differences. First, because less-experienced
readers were involved, the time limit for responding was
extended to 10 s. Second, the rate at which the phonemes
were presented in the segmented-sound feedback condi-
tion was slowed down to one phoneme per 750 msec. The
reader was expected to arrive at the word by bridging the
intervening intervals with relevant blending activities.

The target words were 33 Dutch words (e.g., kwast
[brush] and zeepsop [soapsuds]) that consisted of five
(11 words), six (12 words), seven (5 words), or eight (5
words) phonemes. The selected words were generally eas-
ier to decode than were the words in Experiment 1. In an
attempt to keep the children motivated during the experi-
ment, an easily readabie word was presented occasionally
to the children (7). As in Experiment 1, three words were
used in the introduction of the experiment to let the chil-
dren get accustomed to the experimental setting. In all, 43
words were read per session.

Subjects

The experiment was performed with a group of 66 chil-
dren (32 boys and 34 girls) from three different, normal
primary schools. The ages of the children ranged between
6.2 and 6.8 years, with an average age of 6.5 years. All
the pupils had received 4 months of formal reading in-
struction at the time the experiment was conducted (De-
cember). In all the schools, the same reading method was
used (Caesar, 1980). Prior to the experiment, the children
were given the Caesar reading test. The reading scores
ranged between 2 and 47, with a mean of 18.3 (SD =
8.7). The normative score for children with an equivalent
amount of reading instruction is 19 (Van Dongen &
Mommers, 1980).

The 66 primary graders were divided into three matched
groups, as in Experiment 1. However, after the matching,
there was some attrition, so the three groups could not be
kept equal in number. The numbers of children participat-
ing in the control, whole-word, and segmented-sound
feedback conditions were 20, 22, and 19, respectively. On
the standard reading test (Caesar, 1980), the average scores
of the children in the segmented-sound feedback condi-
tion, the whole-word sound feedback condition, and the
control condition were 19.1 (SD = 10.6), 17.7 (SD = 1.8),
and 18.2 (SD = 8), respectively. The scores did not differ
significantly, F < 1.

Results

Reading errors. For about 64% of the words, the chil-
dren received sound feedback three times during the train-
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ing sessions, and for 13.2% of the words, no sound feed-
back was provided. For a small number of the words,
sound feedback was restricted to once or twice (11% and
11.8% of the words, respectively). The average number of
reading errors over the three training sessions was about
24.2 (SD = 9.9). No interaction was found between the
number of times feedback was given and practice condi-
tion, F < 1.

The finding that 79% of the words were read incorrectly
at the pretest and that 61% of the words were still read
incorrectly at the posttest clearly demonstrates that the
words were difficult for the children to read (see Table 3).
However, nearly all the readers succeeded in making
fewer reading errors at the posttest than they did at the
pretest. The finding supports the assumption that the
reading material selected was not too difficult for the
readers involved. There were even some readers (6) who
made only one or two reading errors at the pretest. Over
all the conditions, children made fewer reading errors at
the posttest than they did at the pretest, #(i, 58) = 60.89,
p > .01. An analysis of variance was performed with the
time of testing (pretest vs. posttest) as a within-subjects
factor and experimental condition as a between-subjects
factor. A significant interaction with respect to reading
errors was found between the time of testing and the ex-
perimental condition, F(2, 37) = 4.76, p < .05. An anal-
ysis of covariance was performed on the decrease in read-
ing errors with the pretest score as a covariate. The anal-
ysis of covariance showed no significant effect of the co-
variate, F < 1. No differences were found in the relation-
ship between the score on the standard reading test and
the decrease in reading errors among the three condi-
tions. A significant differential effect of condition on the
decrease in reading errors was found, F(2, 57) = 4.75, p
< .05. A posteriori Scheffé contrasts demonstrated
a significant difference between the whole-word condi-
tion and the control condition, p < .05. Moreover, there

Table 3.—Average Number of Reading Errors in the Pretest and
Posttest in the Three Conditions in Experiment 2

Condition Pretest” Posttest® Pretest-posttest
Segmented word 27.0 22.4 4.5

9.3 (11.8) (3.9
Whole word 26.6 18.5 8.2

(8.9 ©.7) (5.3)
Control 24.7 21.3 3.4

9.8) (11.1) (3.1
Average 26.1 20.6 5.5

(8.9) (10.8) (5.2

Note: Maximum number of reading errors was 33. Standard deviations are given
in parentheses. b

ge of reading errors at the pretest was 1-33. "Range of reading errors at the
posttest was 0-33.
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was a significantly greater decrease in errors, p < .05, in
the whole-word condition than in the segmented-sound
feedback condition. However, no reliable differences
were found between the control condition and the seg-
mented-sound feedback condition, p > .05.

Reading times. The average reading times for the
words correctly read at the pretest and posttest were 5.5 s
(SD = 2.2) and 4.2 5 (SD = 2), respectively (see Table 4).
An analysis of variance showed that less time was needed
to read the words correctly at the posttest than at the pre-
test (1, 31) = 36.34, p < .0l. An analysis of variance
was performed with the time of testing (pretest vs. post-
test) as a within-subjects factor and the experimental con-
dition as a between-subjects factor. No significant in-
teraction with respect to reading times was found be-
tween the time of testing and the experimental condition,
F < 1. An analysis of covariance was performed on the
gain in reading times with the pretest score as a covariate.
The effect of the covariate was significant, F(1, 30) =
15.64, p < .01, in that the gain in reading times was
higher for the relatively better readers. This relationship
between the gain in reading times and the score on the
reading test did not differ for the three conditions. No
differential effect of condition on the gain in reading
times was obtained, F < 1. Moreover, no effect of condi-
tion was found when only those words were considered
that were read correctly at both the pretest and the post-
test and read incorrectly once or more during the training
sessions. No effect of condition on the improvement in
reading times was likely obtained because only a very few
words were read correctly at both the pretest and the
posttest but were read incorrectly once or more during
the three training sessions (6.54% of the words).

General Discussion

The results of both experiments indicate clearly that
corrective feedback of reading errors in the form of the
whole-word sound has a positive effect on reading accu-
racy. When whole-word sound feedback was provided

Table 4,—Mean Reading Times for Correctly Read Words at the
Pretest and Posttest in the Three Conditions in Experiment 2

Condition Pretest Posttest Pretest-posttest
Segmented word 5.5 4.1 1.4

2.2) (1.9) @.1)
Whole word 5.5 4.2 1.4

2.2) 2.0) 2.3)
Control 5.5 4.3 1.2

2.n 2.0 2.1)
Average 5.5 4.2 1.3

2.2 2.0 2.1)

Note: Mean reading times are given in seconds. Maximum reading time was 10 s.
Standard deviations are given in parentheses.
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after every oral reading error, children made significantly
fewer reading errors at the posttest than at the pretest.
Although the decrease in reading errors after whole-word
feedback differed significantly from the segmented-
sound feedback only in the second experiment, the im-
provement in accuracy in the whole-word condition was
higher than in the two other conditions.

A possible reason for this advantage of whole-word
sound feedback might be that it provides the beginning
reader with sufficient information to detect the error that
has been made by applying grapheme-phoneme corre-
spondences rules. Possibly, beginners, after a few months
of intensive training in decoding, have internalized an ex-
plicit set of rules for grapheme-phoneme correspon-
dences that they can readily use to compare their incor-
rect response with the correct word sound to locate their
error. A presentation of the correct word sound can in-
duce the reader to conduct an implicit reanalysis of the
word to arrive at the correct strategy (Meyer, 1982).

Another possibility is that the provision of the whole-
word sound allows for paired-associate learning. That is,
the simple association of the whole-word sound (re-
sponse) and the printed word (stimulus) facilitated the se-
lection of correct responses on subsequent occasions.
Paired-associate learning could not be considered too dif-
ficult, as, in the whole-word condition, responses were
simple and consisted of familiar word sounds. Some dis-
criminative response learning would still be necessary,
however, because the subjects would have to learn which
of the words would be presented in the experiment.

Although it is difficult to decide between the alterna-
tive explanations, a post hoc analysis of the reading er-
rors that were made during the posttest in Experiment 1
revealed that almost all the reading errors reflected an in-
accurate processing of grapheme-phoneme correspon-
dences or a failure to arrive at a correct blending (in both
conditions of sound feedback). There were only a few
substitution errors, that is, erroneously producing an-
other word sound from the set of words to be learned. If
an account in terms of paired-associate learning is cor-
rect, one would expect a substantial number of substitu-
tion errors. On the contrary, the analysis of errors showed
that the subjects were generally heavily engaged in iden-
tifying the word by using correspondence rules and
blending.

The results of the present experiments also showed
that, in comparison with the whole-word feedback, no
such strong learning effects were found for the seg-
mented feedback. We briefly discuss three possible expla-
nations for this less-beneficial effect of segmented feed-
back in the present studies. The first possible explanation
is that the process of blending isolated phonemes is im-
peded when the phonemes are presented at a relatively
low rate (especially in Experiment 2). The rate of present-
ing the successive phonemes could have significant effects
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on the ease of blending. If the intervals between the suc-
cessive sounds are long, the children could have problems
in retaining the information in short-term memory; if the
intervals are too short, there might be no time for inter-
mediate blending operations. Irrespective of the rate,
young beginning readers will have difficulty blending suc-
cessive sounds that are separated by silent pauses. Weis-
berg, Andracchio, and Savard (1989) in their research
with kindergarten children and first graders showed that
oral blending of dictated sounds was markedly better
when no pauses intervened between two sounds than
when pauses of 1 or 3 s intervened. The 1- and 3-s pauses,
however, appeared to be equally disruptive to the blend-
ing process. Also, as reported by Chall, Roswell, and
Blumenthal (1963), a short delay of 0.5 s was accom-
panied with dismal blending performance. Thus, al-
though any break in a sequence of presented phoneme
sounds may cause considerable trouble for blending
processes, there seems as yet to be no clear relationship
between the duration of the pause and the ease of blend-
ing. Evidently, one needs a parametric investigation, in-
cluding various intervals between phonemic segments, to
determine the optimal rate of presentation for blending
success. Also, optimal rates are likely to be related to
stages in reading acquisition and skill and experience in
blending tasks.

The second possible explanation is that the initial read-
ers who participated in our experiments were not yet able
to blend the phonemes as presented in the segmented-
sound feedback condition. However, in Dutch initial
reading programs, blending and phonemic analysis skills
are taught systematically during the first months of read-
ing instruction. Therefore, one could assume that begin-
ning readers who have received about 4 months of read-
ing instruction are aware of the component units of
speech and are able to deal with them. A recent longitudi-
nal research project in the Netherlands (Mommers, in
press) clearly indicated that, after a period of 4 months of
reading instruction, nearly all the children were able to
perform well in a blending test in which the child had to
blend three, four, or five phonemes presented at a stan-
dard rate of one phoneme per s. In view of those findings
and our observations during the training sessions, one
may reasonably conclude that the subjects were profi-
cient in the basic blending skills. Nevertheless, basic
blending skills may differ between beginning and more
skilled readers.

A third explanation for the less-than-expected results
of segmented feedback is based on consideration of the
number of segments actually presented in the training
sessions. The number of phonemes (5-9) may have ex-
ceeded the limits of the short-term memory capacity of
the children. Memory limits are likely if one assumes that
each phoneme was stored separately in memory before
the subjects started to blend. One way for the subjects to
overcome the limitations could consist of a strategy of
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blending each sound to the ones already received. As a re-
sult of this on-line blending strategy, one would have to
keep no more than two sounds (the cumulative sound
pattern and the sound just presented) in memory simul-
taneously. Incremental blending would be possible, how-
ever, only if the rate of presentation allowed subjects to
follow such a strategy. Because the present studies were
not designed to determine the way the subjects would
proceed in blending, no conclusion could be drawn with
regard to this explanation. But, for effective feedback in
the case of reading errors in relatively long words, presen-
tation of segments larger than phonemes (e.g., syllables)
could possibly be more appropriate.

Interestingly, our findings are in accordance with those
of Wise (1987). In one of her experiments, she investi-
gated the effects of synthetic speech feedback in first and
second graders during reading practice of single words
using whole-word, syllable, subsyllable (onset-rime seg-
ments), or separate phoneme sound units. Whole-word
presentation appeared to be most helpful, but it did not
differ significantly from the syllable presentation. Sub-
syllable feedback was, generally speaking, almost as help-
ful as syllable feedback, but it seemed more difficult for
slower readers on longer words. The condition of separ-
ate phoneme units was consistently and significantly less
beneficial. Our findings generally confirm that a memory
load of many segments may not facilitate learning. How-
ever, a minimum load consisting of the whole-word
sound, does not necessarily correspond to the most effec-
tive learning situation. Although whole-word sound feed-
back may be particularly helpful for learning a limited set
of words, this form of feedback might be less than opti-
mal for stimulating more generalized reading skills. For
example, in a recent study by Van Daal and Reitsma (in
press) with reading-disabled children, the use of two
forms of speech feedback in independent practice and its
effects on the development of efficient reading skills were
investigated. Speech feedback was available at will, and
either the whole-word sound or the segmented-word
sound was presented. In the latter case, the sound pattern
of monosyllabic words was segmented by isolating the
consonant cluster together with the vowel from the rest
of the word. Polysyllabic words were segmented accord-
ing to their auditory syllable structure. The results showed
that both forms of speech feedback were equally effective
in reading practice words that were initially read incor-
rectly, and there was a tendency for the learning effect on
transfer words to be greatest when the segmented-word
sound was available. In conclusion, Van Daal and
Reitsma suggest that the most promising way of giving
support is to present the whole-word sound or seg-
mented-word scund when aiming at word-specific knowl-
edge, and to present the segmented-word sound when
generalized learning effects are the goal.

The results of the two experimental studies presented
here showed, furthermore, that children required less
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time to read a word correctly at the posttest than at the
pretest; that finding is consistent with earlier research
demonstrating that reading the same material repeatedly
facilitates the speed of reading (Reitsma, 1988; Samuels,
1979). No significant differences among conditions were
found, however, with regard to reading times for the
words correctly read at both the pretest and the posttest.
The finding probably resulted because sound feedback
was only rarely given with the words during the learning
sessions, since support was provided only when a child
was not able to identify a word correctly.

Although generalizations from the present experiments
in terms of applications to classroom learning should be
tempered, because the instructional time in the experi-
ments was limited, one can state tentatively that present-
ing spoken feedback phoneme-by-phoneme is not the
most appropriate way to support the process of learning
to read words. However, the strategy that produces the
greatest immediate gain may not produce the most prog-
ress over prolonged periods. Segmented-sound feedback
might induce more independent learning, and over a pe-
riod of time, active and independent methods of word at-
tack could result in greater gains. The ability to blend
units smaller than words and the knowledge of variations
in grapheme-phoneme correspondences may probably
aid the generalization skills needed for decoding new
words more than offering much added help on the word
being trained. Studies investigating the transfer effects on
untrained words (transfer words) can test this prediction.

For the development of computer-based reading pro-
grams using speech feedback, the most important finding
is that presenting sound feedback phoneme-by-phoneme
as a form of feedback in word recognition is not as effec-
tive as expected, at least over the brief training period of
this study. However, the use of spoken feedback is im-
portant not only to support the process of learning to
read, but also to enable beginning readers to work rela-
tively independently with a computer-based instructional
system, because they naturally have problems in under-
standing written comments (Reitsma, Ellermann, &
Spaai, 1987). Besides supporting the process of learning
to read, spoken feedback can inform readers about the
correctness of the words as they read (Spaai, Reitsma, &
Ellermann, 1987) and reduce their uncertainty about their
reading efforts, and thus help them to become more mo-
tivated in learning to read (Bouwhuis & Truin, 1986).
Furthermore, computer-based instructional systems have
the ability to present highly. individualized training pro-
grams that are most effective in training and motivating
readers (Moskowitz & Birman, 1985). Such systems can
play an important role in the regular reading curriculum
(Fletcher & Atkinson, 1972; Roth & Beck, 1987).

In conclusion, the use of sound feedback can be impor-
tant for supporting the process of learning to read, but,
in order to determine what feedback techniques produce
both intermediate and long-term gains, additional investi-
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gations that include longer periods of instruction and
delayed measures following this instructional period are
required.
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