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The Main and Interactive Effect of Oral
Reading Rate on the Frequency of Stuttering

Martine Vanryckeghem
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Gene J. Brutten
Peter McAlindon
University of Central Florida, Orlando

Twenty-four adults participated in a 2
(group) by 3 (rate) factorial study designed to
determine the main and interactive effects of
speech rate during reading on the frequency of
stuttering. In this regard, the participants orally
read three passages, one at their normal rate,
one that was 30% faster than this rate, and one
that was 30% slower. Rate was controlled by
means of a computer software program, and
passage order and reading rate were counter-
balanced. The main effect of rate was signifi-
cant. There was statistically more stuttering in
the fast rate condition than in either the normal
or slow rate condition. However, the frequency
of stuttering in the normal and the slow rate
conditions was not significantly different.
Analysis of the experimental data of the eight
participants who stuttered the most and the

eight who stuttered the least, during base-rate
oral readings, evidenced the presence of an
interaction between group and rate. Those who
stuttered the most showed a statistically
significant increase in stuttering between the
slow, normal, and fast rate conditions. In
contrast, there was no significant difference in
frequency between any of the three conditions
for the group of eight participants who stuttered
the least. These findings suggest that the extent
to which rate affects fluency is a function of the
degree to which stuttering is displayed. This
possibility warrants consideration in relation to
the use of rate management procedures.
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T heories concerning the etiology of stuttering, such
as the demands and capacities (Adams, 1990;
Starkweather, Gottwald, & Halfond, 1992) and the

neuro-psycholinguistic models (Perkins, Kent, & Curlee,
1991), suggest that a neuromotor limitation may be one of
the factors that contribute to the speech difficulty of those
who stutter. Treatment programs that involve slowing the
speaking rate of those who stutter as a means of lessening
the stress placed on their speech motor system are consis-
tent with these theories (Boberg & Kully, 1985; Curlee,
1993; Ryan & Van Kirk, 1974; Shames & Florance, 1980;
Webster, 1974).

Despite the theoretically based contention that speech
rate affects the frequency of stuttering, research regarding
the relationship between these variables has led to
equivocal results. Although the evidence suggests that
slowing down speech rate decreases the frequency of
stuttering (Adams, Lewis, & Besozzi, 1973; Fransella &
Beech, 1965), the effect of increasing speech rate is far
from clear. This is because increasing the rate of speaking

has generally, though not always (Ingham, Martin, & Kuhl,
1974), led to only a numeric increase in measured stutter-
ing (Johnson & Rosen, 1937; Kalinowski, Armson, Rolan-
Mieszkowski, Stuart, & Gracco, 1993; Kalinowski,
Armson, & Stuart, 1995; Young, 1974).

In an early study of the effect of speech rate during
reading, Johnson and Rosen (1937) reported that their adult
subjects showed a change from 1.3% words stuttered in a
slow rate condition to 7.7% in a fast rate condition. More
recently, the effect of increased rate on the frequency of
stuttering has been studied by Kalinowski and his col-
leagues. In their first study, Kalinowski et al. (1993)
investigated the effect of reading aloud at normal and fast
rates under conditions of altered and non-altered auditory
feedback. In the non-altered auditory feedback condition,
the group means were 22 dysfluencies in the normal rate
condition and 45 in the fast rate condition, a difference that
failed to reach statistical significance. In a follow-up
investigation, Kalinowski et al. (1995) again found that the
mean amount of stuttering was numerically, but not
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significantly, greater during the fast rate condition (M =
18.4) than it was during the normal rate condition (M =
14.9). These findings led Kalinowski et al. to conclude that
people who stutter may not have the limited speech-motor
capacity that some theorists have suggested. However, this
conclusion can be questioned because rate was not con-
trolled in either of these studies. The participants were
merely instructed to read aloud at their “normal” or “usual”
rate during the normal rate condition and “as fast as they
possibly could while still maintaining intelligible speech”
(Kalinowski et al., 1995, p. 296) in the fast rate condition.
Although their post-hoc observation showed that rate did
increase in the fast condition relative to the normal rate
condition, the increment varied among the participants
from as little as 2% to as much as 63%. In addition, the
length of the reading passages that the experimenters used
provided a limited corpus from which to evaluate the effect
of rate on the frequency of stuttering. Ingham (1997) has
highlighted this fact and pointed out that, if Kalinowski
and his colleagues had used passages that contained more
than 300 syllables, the frequency of stuttering in the two
rate conditions might have differed to a statistically
significant extent.

It also should be noted that the passages used in the
Kalinowski et al. (1995) study came from two junior high
texts. That is to say that the reading material, at a 6th to 8th
grade reading level, provided a limited amount of motor
complexity. Yet research has shown that as motoric
complexity is increased, such as when words and sentences
are longer, the amount of stuttering is also increased
(Brown & Moren, 1942; Soderberg, 1966; Tornick &
Bloodstein, 1976). Thus, it is possible that the passages
read by the Kalinowski et al. participants may not have
been motorically demanding enough to demonstrate the
differential effect of the normal and fast rate conditions on
the frequency of stuttering. Stated differently, with a longer
and more motorically demanding passage, statistically
significant differences resulting from rate might have
surfaced. In any event, the aforementioned methodological
issues point to the need for further investigation of the
effect of rate on the frequency of stuttering and the testing
of the hypothesis that those who stutter tend to have a
neuromotor limitation. Research is also needed to deter-
mine whether the effect of speech rate during reading is
influenced by the extent to which those who stutter are
dysfluent. The possibility of an interaction between rate
and degree of stuttering has not previously been explored.
Yet, if stuttering is in part a reflection of a speech-motor
limitation, those who are more dysfluent should be affected
to a greater extent by an increase in speech rate than those
who are less dysfluent.

For the purpose of this study, it is hypothesized that: (a)
an increase in oral reading rate, and thus the demand
placed on the speech motor mechanism, will result in an
increase in the frequency of stuttering; (b) a decrease in the
oral reading rate will lead to a reduction of stuttering; and
(c) people who stutter more will be affected to a differen-
tially greater degree by increasing speech rate during
reading than those who stutter less.

Method
Participants

Twenty-four adults who stutter, 19 males and 5 females
from the Central Florida area, participated in this study.
They ranged in age from 16 to 52 and their mean age was
28. The participants had previously been diagnosed as
people who stutter by a qualified speech-language patholo-
gist independent of the present investigators. All of the
participants were currently in treatment or had previously
been treated for their stuttering.

Materials
Three different reading passages, each with a corpus of

500 words and containing between 700 and 765 syllables,
were used in the study. These passages were on a 9th- to
10th-grade reading level as assessed by the Dale-Chall
readability formula (Chall & Dale, 1995) and the Fry
readability scale (Fry, 1977). They were selected from
“Encyclopedia of the Horse” (Edwards, 1977) and were
considered to be essentially the same with respect to the
nature of their content.

The participants were videotaped (Hitachi model VMH
710 A Hi-8 video camcorder) and audiotaped (JVC TD
W318) as they read aloud the test passages in the three
rate conditions under investigation. During these record-
ings they wore a head-mounted microphone (Shure,
SM101-CN) that was placed approximately 2 inches from
the participants’ mouth.

The passages were presented to each of the participants
by means of a Dell Low Profile IBM compatible 486
computer whose monitor had a 15-inch screen. After the
participants were seated at a comfortable distance from the
monitor, they were shown how a text looks on the screen.
Then the video camera was positioned so that a clear video
recording could be made of the person’s face throughout the
oral readings that took place during the two phases of the
investigation. In the second or experimental phase, “The
Paced Reading Program” (Bakker & Vanryckeghem, 1996)
was used to present the passages at the fast, normal, and
slow rates under study. This program controlled rate by
means of a pacing bar that moved through the passage
highlighting where in the text the reader should be. In
addition, to help confirm that the participants met the rate
criteria of the study, the time it took the individuals to
complete each of the three test passages in the different
conditions was determined.

Procedure
The study required the participants to attend two

separate data collection sessions, each of which was
approximately one hour in length. During the first phase,
the participants’ normal oral reading rate and percent
words stuttered were determined. Normal rate was defined
as the average time it took each participant, in words per
minute, to read aloud the three different 500-word passages
that were randomly displayed on the computer monitor. In
between the oral reading of each passage, the participants
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were given a 5-minute rest period so as to avoid a fatigue
effect. To determine the percentage of words stuttered, the
participants were instructed to read the passages aloud, in
their normal manner, without using any of the special
speaking techniques that they may have been taught. They
also were told to continue speaking until they completely
finished each of the passages. Moreover, they were advised
that, if the progress of their oral reading was delayed
because they found a word hard to say fluently, they were
to move to the very next one in the passage. This was done
so that their average reading time in words per minute was
not diminished by the effect of stuttering that was longer
than the one second duration that is typical of a dysfluent
moment (Bloodstein, 1944). If, however, a person failed to
comply with the instructions to skip the remaining portion
of a word where his or her stuttering delayed the oral
reading, the time in excess of one second that was taken to
complete the dysfluently spoken word was subtracted from
the participant’s reading time.

During the second phase of the experiment, which took
place between one and two weeks after the initial phase,
the participants were given a paced oral reading practice
trial. They were instructed to read aloud the Rainbow
Passage (Fairbanks, 1960), which appeared on the monitor
at a rate of 135 words per minute, so as to keep just ahead
of the computer-controlled pace bar. This rate, which was
used only in the trial designed to give the participants
practice in paced oral reading, was chosen because it fell
between the mean words per minute reading rate of people
who stutter (122.7) and their mean fluent reading rate of
144.7 words per minute (Bloodstein, 1944). The partici-
pants were instructed not to read ahead of the pace bar by
more than one or two words. Once again, they were told
that if their oral reading was delayed because they were
having difficulty saying a word, they were to move on to
the very next one. However, it was made very clear that
they were not to skip over other words in the passage.

Following the paced practice session, the participants
were required to read aloud the same three passages they
read in Phase 1. However, in this second phase of the
study, the passages were read orally at three different
computer-controlled rates. The participants, who served as
their own control, read a passage at their own “normal”
reading rate, as determined in the first phase of the
experiment, and at a rate that was 30% slower and 30%
faster than this rate.1 To ensure against the effect of fatigue,
a 5-minute rest period followed the reading of each
passage. A Graeco-Latin square was used to control for the
effect of the order in which the three passages and the three
rate conditions were presented.

The video recordings made during the oral reading of
the passages, in each of the rate conditions under study,
were analyzed to determine the frequency of stuttering.
Stuttering was defined as part-word repetitions and sound
prolongations, both oral and silent. An oral part-word

repetition was defined as any two or more unit repetition of
a sound or a syllable. A sound prolongation was defined as
an atypically long duration in the production of a particular
phoneme. A silent repetition was defined by the observa-
tion of a nonverbal iteration and a silent prolongation by an
atypically long duration in articulatory positioning without
the presence of a sound. Each word was counted as
stuttered only once. Because each of the passages was 500
words in length, the maximum number of words that could
be stuttered was 500.

To establish intra- and interrater reliability, 25% of the
study’s participants were selected at random. The video
recordings of their three readings during the second phase
of the study were reanalyzed by the experimenter. They
also were scored by an independent examiner, specialized
in the area of stuttering, who had been familiarized with
the criteria used to identify the repetitions and prolonga-
tions that were to be counted. Intra- and interrater reliabil-
ity, that is, the positional stability or relational consistency
of the frequency counts (Liebert & Liebert, 1995), was
established by means of Spearman rank order correlation
coefficients.

All of the oral reading samples of the entire pool of
participants were also analyzed to determine if each
individual had been able to follow the pace that was
appropriate to the different experimental conditions. This
was accomplished by viewing the videotapes and recording
the number of seconds the person was ahead of or behind
the pace bar at the end of the normal, fast, and slow oral
rate conditions. A participant was judged to have kept the
appropriate pace if the rate in these conditions differed
from the desired oral reading rate by no more than 5%. In
addition, each reading was also analyzed to determine if
the participants had succeeded in attempting to say all of
the words in the test passages. Each participant had to have
completed at least 98% of the passage (490 words) for the
reading to be included in the data analysis of the present
investigation. In this regard, if a person started to say a
word, had difficulty producing it, and skipped to the next
word as instructed, the word was counted as having been
read. If a participant had difficulty saying a word and
skipped that word and the next one, the word left out was
not counted as having been read.

Results
Intra- and Interrater Reliability

To determine the positional stability between the
experimenter’s first and second count of the selected
participants’ stuttering frequency across the three rate
conditions, a Spearman rank order correlation coefficient
was computed. This resulted in a positive correlation
coefficient of .98. An interrater reliability coefficient of .93
resulted from the counts of stuttering frequency that were
made by the experimenter and an independent observer.

The Effect of Order
As previously stated, the present investigation employed

a Graeco-Latin square to guard against order effects. It

1Thirty percent was chosen because a pilot study showed that a greater
than 30% increase during the fast rate condition over the participants’
normal rate affected intelligibility and/or interfered with the oral
reading.
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served to counterbalance both the order in which the
passages were read and the rate at which they were to be
read aloud. The effectiveness of this procedure was
examined by means of a 2-way ANOVA involving the
variables: order of passage (3) and order of rate (3).
Neither the order of passage [F(2, 2) = 1.48, p = .2398] nor
the order of rate presentation [F(2, 2) = 1.13, p = .3320]
was found to influence the frequency of stuttering to a
statistically significant extent. In other words, these factors
did not affect the results described below.

The Effect of Speech Rate
During Reading

Table 1 displays the number of measured stutterings
evidenced by each participant as well as the measures of
central tendency and variation for the 24 adults who
participated in the three rate conditions studied. The
twenty-four participants exhibited a total of 326 stutterings
during the slow rate condition, 391 during the normal rate
condition, and 584 during the fast rate condition. The mean
amount of stuttering, for the group as a whole was 13.58
for the slow rate condition, 16.29 for the normal rate
condition and 24.33 for the fast rate condition. The

standard deviations in these three conditions were 16.28,
12.75, and 21.87, respectively. Both this measure of
variation and the raw scores found in the table indicate that
there were individual differences among the participants in
the effect of rate on the frequency of stuttering.

To investigate whether the mean differences in fre-
quency of stuttering displayed in the three rate conditions
were statistically significant, a full factorial analysis of
variance (ANOVA) was performed. The results of this
analysis revealed the presence of a statistically significant
main effect for rate [F(2, 23) = 7.77, p = .001]. That is, the
frequency of stuttering shown in at least certain of the rate
conditions differed to an extent that exceeded chance. The
specific between-condition differences were made clear by
means of one tailed t tests that were consistent with the a
priori directional predictions of the study. They showed
that there was statistically more stuttering in the fast
condition than in either the normal (t = 2.760, p = .01) or
the slow rate condition (t = 2.995, p = .005). Although the
mean amount of stuttering was numerically greater in the
normal than in the slow rate condition, the difference did
not prove to be statistically significant (t = 1.632, p = .10).

The Interactive Effect of Speech
Rate and Degree of Stuttering

To study the possible interaction between speech rate
during reading and frequency of stuttering, an extreme
split technique was employed to form the two classifica-
tory groups of eight participants who differed markedly
in the mean frequency of their stuttering in the base-rate
oral readings that took place in Phase 1 (Liebert &
Liebert, 1995).2 The eight participants who displayed
the least stuttering during the base-rate oral readings
showed dysfluencies that ranged from 0.4% to 3.2%. The
eight participants who displayed the most stuttering
demonstrated fluency failures ranging from 7.2% to
18.8%.3

Table 2 displays the measures of central tendency and
variation as it relates to the frequency of stuttering among
the participants in the two classificatory groups as they
read aloud during the slow, normal, and fast rate conditions
of the second phase of the study. For the participants who
displayed the least stuttering during the base-rate oral
readings, the mean amounts of fluency failures were 6.88,
7.25, and 8.75 during the slow, normal, and fast rate

TABLE 1. Measures of stuttering, central tendency and
variation at three different oral reading rates for 24 adults
who stutter.

Rate

Subject No. Slow Normal Fast

1 17 17 25
2 38 42 43
3 11 20 74
4 15 17 16
5 2 6 6
6 8 15 5
7 2 2 3
8 2 1 1
9 7 10 11

10 4 8 19
11 2 2 4
12 7 9 9
13 4 22 55
14 75 48 70
15 30 36 38
16 9 8 4
17 6 8 7
18 10 27 40
19 20 23 52
20 30 29 28
21 7 13 30
22 9 17 28
23 7 9 11
24 4 2 5

Totals 326 391 584
M 13.58 16.29 24.33

SD 16.28 12.75 21.87

2The extreme group technique was used to remove the eight participants
who were in the middle of the overall group as it related to base-rate
frequency of stuttering. Their removal from this part of the data analysis
served to reduce categorical ambiguity and to maximize between-group
variance.
3Participant 14 was removed from the analysis of the possible interaction
between speech rate and frequency of stuttering. During the Phase 1 base-
rate session this person displayed a “normal” oral reading rate of only 58
wpm, a rate that was more than 2-1/2 standard deviations below the mean
reading rate of the group of participants who stuttered the most fre-
quently. Another participant, number 15, was selected to take the place of
the removed outlier because the percentage of words stuttered and his
Phase 1 normal reading rate more closely approximated that of the
participants in the group that stuttered the most frequently.
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conditions, respectively.4 In contrast, the eight participants
who stuttered the most during the Phase 1 oral readings
evidenced a mean of 15.50 stutterings in the slow rate
condition, 23.50 during the normal and 34.25 in the fast
rate conditions. A graphic display of the numeric differ-
ence in the mean number of stutterings of these groups for
the three rate conditions is shown in Figure 1.

A main effect ANOVA comparison of the frequency of
stuttering across the three rate conditions revealed an F(1,
14) of 12.337 that was statistically significant (p = .003).
The main effect for rate across the 16 participants also was
significant, F(2, 14) = 8.393, p = .001. Moreover, a
significant interaction was obtained between group and
rate, F(2, 28) = 5.57, p = .009.

To determine the source of the significant interaction,
planned simple effect comparisons were made between the
frequency of stuttering of the two groups of eight participants
in each of the three rate conditions. This analysis revealed
that the between-group difference for both the normal and

fast conditions was statistically significant (F(1, 14) = 8.41, p
= .0102 and F(1, 14) = 20.71, p =.0002, respectively).
However, in the slow rate condition, the frequency of
stuttering exhibited by the participants in the two groups did
not differ significantly [F(1, 14) = 2.37, p = .1513].

For the participants in the least dysfluent group, the
frequency of stuttering in the three rate conditions did not
differ to a statistically significant extent, F(2, 23) = .15, p =
.8589. For this group, stuttering was not significantly
affected by the difference in rate in the three conditions.
However, for the most dysfluent group of participants, a
statistically significant difference was found for rate, F(2,
23) = 13.81, p = .0001. A Newman-Keuls range test
revealed a significant difference between the three rate
conditions for the subject group who stuttered most
frequently. Stuttering increased significantly as rate was
increased from slow to normal to fast. The p values for the
slow-normal, normal-fast, and slow-fast rate comparisons
were .0336, .0056, and .00004, respectively.

Discussion
As we have pointed out, the results of previous investi-

gations have generally shown that, as a group, people who
stutter exhibit a numerically greater frequency of stuttering
when their rate of speech during reading is increased.
These findings were supported in the present study by the
observation that the frequency of stuttering increased
significantly as the oral reading rate of the 24 participants
studied was increased from slow to fast and from normal to
fast. This observation is consistent with the Johnson and
Rosen (1937) data, which led them to suggest the possibil-
ity that “the stutterer possesses a neuromuscular speech
mechanism too unstable to withstand the strain of rapid
performance” (p. 108) and with the more recent contention
that stuttering may reflect, in part, a neuromotor weakness
that can lead to a fluency breakdown when an individual’s
speech system is pushed beyond its capacity (Adams,

TABLE 2. Stuttering frequency and measures of central
tendency and variation during slow, normal, and fast rate
conditions for participants who evidenced the least and the
most dysfluency during base rate oral readings.

Rate

Subject No. Slow Normal Fast

Least

1 17 17 25
4 15 17 16
7 2 2 3
8 2 1 1

11 2 2 4
12 7 9 9
17 6 8 7
24 4 2 5

Totals 55 58 70
M 6.88 7.25 8.75

SD 5.96 6.71 8.01

Most

2 38 42 43
6 8 15 5
9 7 10 11

13 4 22 55
15 30 36 38
18 10 27 40
19 20 23 52
21 7 13 30

Totals 124 188 274
M 15.50 23.50 34.25

SD 12.54 11.20 18.06

FIGURE 1. Mean frequency of stuttering under three oral
reading rate conditions for the participants who displayed the
least and most dysfluency.

4In the group classified as those who stutter the most frequently on the
basis of their base-rate oral reading performance, Subjects 6 and 9
demonstrated fewer fluency failures across the three rate conditions of the
experiment than did Subjects 1 and 4. Also, Subject 21 displayed less
stuttering than did Subject 1.
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1990; Starkweather et al., 1992). It is in keeping, also, with
the neuro-psycholinguistic framework proposed by Perkins
and his colleagues, who have stated that “when articulatory
rate exceeds language, segmental, paralinguistic, or
integrator processing rates, integration of these compo-
nents becomes dyssynchronous, thereby resulting in
disfluency” (Perkins et al., 1991, p. 742). They also have
highlighted the relationship between “the pressure to begin,
continue or accelerate an utterance” (Perkins et al., 1991, p.
745) and loss of control. Clearly, in the present investiga-
tion, external pressure was placed on the participants being
studied when their rate of speech was increased 30% over
that which was determined to be their normal rate during
oral reading. The participants were presumably stressed by
this rate increase and the observed increment in fluency
failures may be seen as a subsequent breakdown in their
speech processing system.

The present study dealt with more than the effect of
speech rate during reading on frequency of stuttering. It
was also the purpose of this investigation to determine
whether there was an interaction between rate and group
differences in the frequency of stuttering. Toward this end,
we looked at the effect of rate on the 8 members of our
sample of 24 participants who stuttered the most and the 8
who stuttered the least during the Phase 1 base-rate
readings. As has been noted, we found that these two
groups were differentially affected by rate. Increasing the
oral reading rate from slow to normal and normal to fast
resulted in a statistically significant increase in the stutter-
ing displayed by the most dysfluent participants. However,
an increase in oral reading rate did not produce a statisti-
cally significant effect on the group of subjects who
stuttered the least. For this group of participants, the
frequency of stuttering was essentially the same in the
slow, normal, and fast rate conditions. These interactive
and within-group findings suggest that adults who stutter to
a greater extent will tend to be more affected by the
demand or pressure associated with increased speech rate
than are those individuals who stutter to a lesser degree.
That is, they suggest that the relationship between rate and
the frequency of stuttering varies with the extent to which
speech is problematic.

It seems worthwhile at this point to consider more fully
the effect of slowing down rate on the frequency of
stuttering. Reducing the participants’ oral reading rate from
normal to slow, of the group of eight participants who
stuttered to a relatively greater extent, significantly
lessened dysfluency. However, decreasing the rate from
normal to slow for the group who stuttered to a relatively
lesser extent did not produce a statistically significant
reduction in stuttering. Only those whose stuttering was
relatively more frequent profited from a reduction in
speech rate during reading. This suggests that it might well
be wise to factor in the matter of stuttering frequency when
determining the treatment viability of speech rate reduction
as a means of enhancing fluency. Within the limits of the
present study, this seems warranted because the data of this
investigation suggest that speech rate reduction may only be
an effective treatment procedure for those who stutter more
frequently. Certainly, this possibility is worthy of further

experimental and clinical attention. Research will make it
possible to determine if the present interactive finding will
also hold if different means of changing speech rate are
used. Data of this kind would reflect on both the generality
of the present group by rate finding and on results that
have indicated that slowing rate by increasing the within-
word duration of phones is a more effective means of
reducing stuttering than is increasing the time between
words (Perkins, Bell, Johnson, & Stocks, 1979).

Author Note
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