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Abstract
Assessments of oral-diadochokinetic rates are commonly performed to evaluate oral-motor skills. 
However, the appropriate administration protocol is not defined, and varies across therapists, 
clinics and laboratories. In three experiments and an auxiliary one, this study analyzes the effects 
of brief (motor) practice and visual feedback on the performance of 98 younger (20–40 years old) 
and 78 older adults (over 65) with the sequential motion rate (SMR) version. Overall rates were 
significantly faster for younger over older adults. Irrespective of age-group, averaged performance 
was significantly better on the second round, but the third round was found to be superfluous, 
across experiments and age-groups. Visual feedback (using a mirror) was found to be detrimental 
for younger adults, eliminating the advantage reaped from a practice round. For older adults, visual 
feedback did not alter the effect of a practice round. Sensory (visual) degradation is presented 
as a possible source for this age-related difference. We discuss these findings and suggest an 
administration protocol for younger and older adults with the SMR version, including a total of 
two rounds and no visual feedback.

Keywords
Oral-diadochokinesis, aging, practice, visual feedback, sensory accommodation

1  Introduction

Oral-diadochokinesis (oral-DDK) tasks represent a client’s ability to rapidly and accurately 
move her or his articulators, providing information on the coordination of the speech-motor 
mechanism and on speech-planning abilities (Amerman & Parnell, 1982; Shipley & McAfee, 
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2015). Oral-DDK rate is a common measurement for oro-motor functions used by speech and 
language pathologists (SLPs; Seikel, King, & Drumright, 2005). Performance rate is commonly 
gauged by counting the number of syllables precisely produced in a specified time unit (e.g., 10 
seconds, count-by-time method; Fletcher, 1972; Kent, Kent, & Rosenbek, 1987). The number 
of precise repetitions of syllables each individual produces per second whether a specific syl-
lable (alternating motion rate (AMR); e.g., /pə/, /tə/, or /kə/) or multiple syllables (sequential 
motion rate (SMR); e.g. /pətəkə/) indicates the intactness of the articulatory system. The cur-
rent study focuses on the SMR task (henceforth, the term oral-DDK refers to the SMR task in 
this study), as available norms on performance of Hebrew speakers are only available for that 
task (Ben-David & Icht, 2017; Icht & Ben-David, 2014, 2015).

Oral-DDK tasks are widely used among SLPs across many clinical settings, due to their sim-
plicity, quick administration and non-invasiveness (Gadesmann & Miller, 2008). Repetition of 
monosyllables reflects a relatively low level speech motor ability (sound production), less 
affected by linguistic factors (Kent et al., 1987). However, non-word repetition (e.g., /pətəkə/) is 
a relatively more complicated task, since it requires programing of a new, un-familiar, motor 
sequence (Williams & Stackhouse, 2000). Specifically, the ability to accurately produce a /
pətəkə/ sequence (SMR task) is important since these target sounds represent different levels of 
physiologic complexity (as indicated by differences in their acquisition age) and places of articu-
lation (bilabial, alveolar, and velar; Ladefoged, 1993). Thus this task provides essential clinical 
information regarding a client’s ability to program a sequence of speech movements rapidly and 
successively.

Since oral-DDK is considered a valid and sensitive test of neuro-motor abilities (Wang, Kent, 
Duffy, Thomas, & Weismer, 2004), it is frequently used for evaluation across the life span. Oral-
DDK rates for children (Fletcher, 1972; Icht & Ben-David, 2015) and for older adults (Ben-David 
& Icht, 2017; Pierce, Cotton, & Perry, 2013) appear to be slower than rates for healthy younger 
adults (for a summary of data for younger adults, see table 1 in Icht & Ben-David, 2014). Slowed 
rates were found for various neurological impairments (e.g., traumatic brain injury—Wang et al., 
2004; spinocerebellar ataxia—Schalling, Hammarberg, & Hartelius 2007; Parkinson’s disease and 
Friedreich’s ataxia—Ackermann, Hertrich, & Hehr, 1995), showcasing the sensitivity of the tool in 
gauging performance across a variety of pathological populations. Differential diagnosis of neuro-
motor disorders combines rate, along with other factors of oral-DDK tasks, such as variability, 
precision and inter-syllable pauses.

Despite its popularity, some aspects of oral-DDK are not precisely defined within the adminis-
tration manuals. For example, the specific instructions given to the client, the amount of practice, 
the type of feedback and the selected stimuli (syllables) appear to vary from one clinician to another 
(Kent et al., 1987). Icht and Ben-David’s previous works (Ben-David & Icht, 2017; Icht & Ben-
David, 2015) have shown that the choice of stimulus has a significant impact on the performance 
of different age groups. Yet the impact of other aspects in the protocol has not been addressed in 
the literature to date.

The primary goal of the current study was to evaluate the effect of practice and visual feedback 
on oral-DDK rates (using the SMR task) with a younger-adult population. As these factors were 
found to facilitate motor-skill learning in general (Maas et al., 2008), it is of clinical importance to 
evaluate their part in the context of oral-DDK tasks.

The secondary goal of the present study was to examine the impact of these tested factors (prac-
tice and visual feedback) with an older-adult population. A clarification of the administration pro-
tocol is of particular interest when evaluating older adults (a target population for the oral-DDK 
test), a demographic characterized by large intra-group variance in performance (Mueller, 2007) 
and task-engagement (Park, Gutchess, Meade, & Stine-Morrow, 2007). Aging of the oro-motor 
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mechanisms involves structural, sensory and functional changes in the respiratory, phonatory and 
supralaryngeal (articulatory) systems (Linville, 2004; Ptacek, Sander, Maloney, & Jackson, 1966). 
These age-related changes, alongside generalized cognitive (e.g., attention) and sensory changes 
(e.g., auditory and visual impairments), call for examining adjustments of standard clinical proto-
cols and procedures.

1.1  The Role of Brief Practice in Oral-DDK Tasks

The first factor examined in the current study is brief (motor) practice. Common protocols for 
the administration of the oral-DDK are silent on the question of practice rounds. That is, 
should the clinician use one round of testing, two rounds with the first as a practice, or even 
more, in order to correctly assess the client’s abilities? A review of the literature on oral-DDK 
with adult populations finds no consensus on the recommended number of rounds. In many of 
the studies that evaluated the performance of younger and older adults in oral-DDK tasks, no 
practice was used (Kikutani et al., 2009; Meurer, Wender, von Eye Corleta, H, & Capp, 2004; 
Padovani, Gielow, & Behlau, 2009; Parnell & Amerman, 1987). In contrast, in other studies 
participants were asked to practice the syllables production before each recording “in order to 
understand how to perform the test” (Louzada, Beraldinelle, Berretin-Felix, & Brasolotto, 
2011, p. 569; Pierce et  al., 2013) or to produce it for three rounds (Konstantopoulos, 
Charalambous, & Verhoeven, 2011).

The literature on non-speech motor skills generally suggests that increasing the amount of prac-
tice results in better performance (Park & Shea, 2003, 2005). However, at a ceiling level, additional 
rounds have only a limited (if any) impact on performance, or, at times, even a detrimental effect 
(Giuffrida, Shea, & Fairbrother, 2002). The impact of practice on the oral-DDK rates has not been 
assessed to date. The current study aims to fill this gap, and directly tests the effects of one, two and 
three rounds on oral-DDK rates with younger and older adults.

1.2  Providing Visual Feedback in Oral-DDK Tasks

The second factor examined in the present study relates to the effectiveness of visual feedback on 
the oral-DDK task. Although visual feedback is not specified in protocols for the administration of 
the oral-DDK, it is a common practice in SLP clinics, in evaluation as well therapy. Indeed, the 
American Speech–Language–Hearing Association Practice Portal (American Speech–Language–
Hearing Association, 2017) recommends the use of a mirror to increase awareness of target sounds, 
and to provide feedback about placement and movement of the articulators. In an earlier work, 
Rosenbek and colleagues (Rosenbek, Lemme, Ahern, Harris, & Wertz, 1973) recommended using 
mirror-feedback with apraxic patients to achieve greater phonemic accuracy.

There is relatively extensive literature of the therapeutic use of mirrors in neurology, psychiatry, 
psychology, physical medicine and rehabilitation, and rheumatology (for a review, see Freysteinson, 
2009). Generally, mirror therapy involves providing a visual field usually not seen from the stand-
point of the first person. This reflection of self (or body part) appears to lead to self-awareness and 
self-assessment (Duval & Wickland, 1972). Namely, when individuals view themselves in the mir-
ror, they compare the visual input with an internal (or an anticipated) standard.

In the field of motor learning (e.g., physical therapy, occupational therapy and sports), studies 
demonstrated that exercise in front of a mirror leads to increased feelings of self-mastery and self-
capability (Katula & McAuley, 2001; Lamarche, Gammage, & Strong, 2007). Such mirror therapy, 
as an adjunct therapy to conventional rehabilitation, helps improve motor recovery and function in 
different patient groups.
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In speech-language therapy (mainly, articulation and phonology therapies) mirrors are a com-
mon tool. Generally, motor learning may be enhanced by providing information that is normally 
not available to an individual (i.e., augmentative information), such as visual input of speech pro-
duction (Newell & Valvano, 1998). Simple and direct visual feedback using a mirror is used to 
increase awareness of the target sound and to provide feedback about placement and movement of 
the articulators (American Speech–Language–Hearing Association, 2004). Some patients with 
articulation disorders do not understand how to move their articulators to correctly produce sounds, 
and speaking in front of a mirror may assist them.

However, evidence relating to the effectiveness of using a mirror in speech therapy is mixed. On 
one hand, several studies found it to be successful with clinical populations (e.g., people who stut-
ter; Snyder, Hough, Blanchet, Ivy, & Waddell, 2009). On the other hand, other studies noted that 
visual feedback may not be effective in therapy as it may draw attention away from the task at 
hand, impairing the precise timing and coordination of the articulators. For example, Heidenreich 
(2013) suggested that visual feedback during speech production may function as a distraction 
adversely affecting performance, since this type of feedback is not a naturally occurring phenom-
enon (i.e., usually, one does not see his/her mouth while talking).

The few studies that used “mirror exercises” with older adults, hint that they could be useful 
for this population, improving oral-motor and articulatory functions (Giddens, Coleman, & 
Adams, 2010). An age-related decline in processing somatosensory feedback may disrupt the 
motor programming required to produce rapid discrete movements (schema theory—Schmidt, 
1975, 2003; Schmidt & Lee, 2005), resulting in poor error detection (Kent & Rosenbek, 1983). 
In this case, visual feedback may enhance the level of information regarding oro-motor func-
tions, improving performance for older adults. Alternatively, it may be hypothesized that age-
related changes in visual sensory abilities and cognitive resources may reduce the benefit of 
visual feedback.

Currently, no evidence is provided in the literature on the impact of visual feedback on the oral-
DDK task, neither with younger nor with older adults. In the current study, we directly test this 
effect by comparing the performance of older and younger adults with and without visual feed-
back, as discussed in the following section.

1.3  Age-Related Changes to Oral-DDK

Published data of oral-DDK rates in healthy older adults (over 65 years) are relatively scarce (for 
a review, see Pierce et al., 2013). Most studies show an age-related decrease in the quality of pro-
duction (Parnell & Amerman, 1987) and a slowdown in performance rates (Amerman & Parnell, 
1982; Meurer et al., 2004; Ptacek et al., 1966). The extent of the reported slowdown in oral-DDK-
rates appears to vary between studies and languages (e.g., a 7% decrease in Portuguese, Padovani 
et al., 2009; and 20% decrease in Hebrew, Ben-David & Icht, 2017).

This age-related decrease in oral-DDK rates may relate to changes in the oral structures that can 
affect the ability of the articulators to move rapidly and accurately (Goozee, Stephenson, Murdoch, 
Darnell, & Lapointe, 2005). Age-related changes include atrophy and degeneration of oral cavity 
muscles, which may affect the organs’ ability to move smoothly without becoming easily fatigued 
(Bennett, Van Lieshout, & Steele, 2007). Aging is also related to degenerative changes in the layers 
of the oral structures, resulting in thinner and less elastic tongue muscles (Caruso, Mueller, & 
Shadden, 1995). Finally, a degeneration of glands in the mouth mucosa has been reported with 
aging (Bennett et al., 2007; Ptacek et al., 1966), causing a drying of the epithelium, which in turn, 
may increase stiffness of the structures (Linville, 2004). Altogether, these changes may slow artic-
ulators’ movements, slowing down oral-DDK rates for older adults (e.g., Padovani et al., 2009). 
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Age-related changes in the respiratory system and voice quality may also adversely affect oral-
DDK performance. Weakening of respiratory muscles and stiffening of the thorax may reduce lung 
volume capacity and slow down the rate at which air escapes through the glottis (Linville, 2004). 
This may result in increased effort maintaining an oral-DDK task.

The literature suggests that this age-related slowing of oral-DDK rates may be affected by lan-
guage, specifically when comparing age groups of older adults. For example, in English, Pierce 
et al. (2013) did not find a significant difference in performance between 65–74 years old and 
75–86 years old. In contrast, in Japanese Kikutani et al. (2009) reported on age-related difference 
in these age groups (65–69, 70–74, 75–79 and 80+ years old) in some of the tested tasks. Similarly, 
in Hebrew, Ban-David and Icht (2017) found slower performance rates for 75–86 years old than for 
65–74 years old.

Attempting to explain these language-specific differences, one may consider phonotactic rules. 
Phonotactic constrains are language-specific restrictions on sound sequences. They define the 
acceptable phonetic combinations, for example, permissible syllable structure, consonant clusters 
and vowel sequences (Frisch, Large, & Pisoni, 2000). Since there is a wide variance in phonotactic 
constraints across languages, it may influence oral-DDK rates. Consider for example the tri-syl-
labic sequence /pataka/, a highly common SMR stimulus. The frequency of tri-syllabic words 
widely varies across languages, for example, higher in Italian relative to English (Majorano & 
D’Odorico, 2011). Since higher probability patterns facilitate repetition of non-words by adults 
(Vitevitch & Luce, 1998), language may play a role in oral-DDK rates, and explain differences in 
age-related changes.

1.4  Age-Related Sensory Changes

The apparent decline in cognitive performance is still considered one of the most central aspects of 
aging (for an overview see, Craik & Salthouse, 2008; but for a steady age-related advantage in 
vocabulary, Ben-David, Erel, Goy, & Schneider, 2015). Recently, age-related sensory degradation 
in the auditory and the visual domains was suggested as a possible source for a decline in cognitive 
performance in aging. Specifically, the information degradation hypothesis (Schneider & Pichora-
Fuller, 2000) postulates that a reduction in the quality of the information delivered by the sensory 
system impairs cognitive processing and task performance. This echoes the seminal work by 
Lindenberger and Baltes (1994) that found that 93% of age-related variance in cognitive perfor-
mance was related to visual and auditory measures. For example, studies by Ben-David and col-
leagues have shown that visual changes in an older population (Ben-David & Schneider, 2009, 
2010), as well as in various clinical populations (Ben-David, Nguyen, & van Lieshout, 2011; Ben-
David, Shakuf, & van Lieshout, 2016; Ben-David, Tewari, Shakuf, & van Lieshout, 2014) were 
associated with reduced attentional performance.

In the current study, we test the impact of visual feedback on older and younger adults. It is pos-
sible that the visual cues do not have the same effect on older and younger adults, due to age-
related visual–sensory impairments. Indeed, luminance (first order, light) and contrast sensitivity 
(second order) are reduced in aging and impede visual perception, even when using corrective 
eyewear (Habak & Faubert, 2000). Similarly, color-vision, and thus the ability to use color cues, is 
reduced in aging (Nguyen-Tri, Overbury, & Faubert, 2003; Werner & Steele, 1988). This can, for 
example, reduce the ability to detect the difference in hue between the lips, teeth and skin when 
viewing a face in the mirror. As a consequence, whereas younger adults may have a clear impres-
sion of their faces during the visual feedback round, this information can be somewhat distorted for 
older adults. In Experiment 3, two methods are used to address this factor: a questionnaire to assess 
older adults’ visual difficulty; and an improved visual feedback protocol.
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1.5  The Present Study

The primary goal of this study was to examine the effect of two factors in the administration proto-
col of the oral-DDK task. Specifically, the study investigated the effect of brief practice on oral-
DDK rates, as current protocols do not specify whether one or two (or no) rounds are necessary to 
gauge maximal oro-motor performance in younger and older adults. The second factor, the effect of 
visual feedback (standard and improved) within the practice phase, has not yet been tested, even 
though mirror feedback is commonly used in evaluation and therapy. The secondary goal was to test 
how older adults are impacted by these tested factors. We conducted three separate experiments and 
an auxiliary one, which shared a comparable procedure. In each experiment, younger and older 
participants performed a typical SMR task, repeating the sequence /pataka/ quickly and accurately 
for three consecutive rounds. Experiment 1 used no visual feedback in all three rounds. Experiment 
2 used visual feedback in the second of three rounds, with Experiment 2a (auxiliary) using visual 
feedback in the second and third rounds. Experiment 3, used improved visual feedback (magnifying 
mirror and enhanced lighting) in the second round. In addition, to test the possible impact of age-
related visual degradation on the effect of visual feedback, older adults were asked in this experi-
ment to report visual problems. These experimental procedures are listed in Table 1.

Table 1.  Description of the experimental procedure.

Round 

First Second Third

Experiment 1 No feedback No feedback No feedback
Experiment 2 No feedback Visual feedback No feedback
Experiment 2a (auxiliary) No feedback Visual feedback Visual feedback
Experiment 3 No feedback Visual feedback (Enhanced) No feedback

2  Experiment 1. The Impact of Practice on Older and Younger 
Adults

How many times should an SLP ask a client to repeat the oral-DDK task in order to obtain his/her 
best (i.e., fastest) rates? Is a single performance enough to gauge reliable data, or would another 
round result in improvement in performance? Is it possible that yet another, third round will yield 
the best results? Answering these questions was the goal of Experiment 1, examining the effect of 
brief practice on oral-DDK rates in younger and older adults.

2.1  Material and Methods

2.1.1  Participants
2.1.1.1  Older adults.  Twenty-five older adults volunteered to participate in the study, 12 

females and 13 males (age range 65–91 years old, mean (M) = 72.4, standard deviation (SD) = 
7.7). Participants were recruited from two different independent-living retirement homes, and two 
community centers, all located in the center of Israel.

2.1.1.2  Younger adults.  Twenty-five younger adults, 12 males and 13 females (age range 22–
38 years old, M = 27.5, SD = 4.2 years) participated in the study. They were Israeli university 
undergraduates, and received partial course credit for participation in the study.
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All participants were native Hebrew speakers, as assessed by a self-report and by an interview 
with Speech-Language Pathology students. Following Ben-David and Icht (2017), participants 
were excluded if they reported one or more of the following diagnoses: (a) severe hearing loss; (b) 
visual loss that was not corrected using corrective eyewear; (c) respiratory diseases (e.g., bronchial 
asthma, and respiratory infection); (d) neurological disorders that may affect the speech mecha-
nisms; (e) abnormal oral structure/function; or (f) phonetic (articulation) disorders. The study was 
approved by the local ethics committee, and written informed consent was obtained from each 
participant.

2.1.2  Apparatus, procedure and analysis.  The participants were tested individually in a quiet room, 
seated comfortably at a table next to the research assistant (RA). Older adults were tested either in 
their own apartment (independent-living retirement homes) or in the community center they fre-
quented. Younger adults were tested in the university. The RA (an SLP student) was present at the 
room throughout the experimental session.

At the beginning of the meeting, each participant read and signed the informed consent form 
and was interviewed by the RA to evaluate exclusion criteria. Next, the experimental phase began, 
with RA reading the following instructions “In this study, you are asked to repeat a non-word, 
which is a meaningless sequence of syllables. You should try to repeat it as fast as you can in an 
accurate manner, for ten seconds. The word is /pataka/. Let me give you an example [the RA now 
demonstrated the task, repeating the syllables /pataka/ for 5 seconds]. Do you have any questions? 
Now, please take a deep breath before you start, and keep going until I signal you to stop.” 
Following a ten second break, oral-DDK was performed again (second round). Finally, another ten 
second break was given, and the participants were asked to perform the oral-DDK task once again 
(third round). Therefore, oral-DDK was performed three times in a row. The complete session 
lasted no more than 15 minutes.

Participants’ oral-DDK productions were digitally audio-recorded using a Sony ICD-PX312 
digital recorder. The recorder was placed on a table, about 15 cm from the participant’s mouth. Two 
SLP students listened separately to the digital recordings, and counted the syllables (if the two did 
not agree on a specific sample, it was re-counted by the second author). Oral-DDK count-by-time 
rate (syllables/S) was calculated by multiplying by 0.3 the total number of trisyllables produced by 
each participant in ten seconds. None of the participants was unable to produce at least 5 seconds 
of correct repetitions (following criteria presented in Pierce et al. (2013).

2.2  Results and Discussion

Figure 1 presents the mean oral-DDK rates for the two age groups across the three rounds in 
Experiment 1. A mixed-factorial analysis of variance (ANOVA) was conducted with age-group 
(younger or older) as a between-participant factor and practice (round 1, 2 or 3) as a within-partic-
ipant factor. As expected, a significant main effect for age group was found, F (1,48) = 51.91, p < 
0.001, ηp

2 = 0.52, with higher rates for younger (M = 6.93, standard error (SE) = 0.15 syllables/S) 
over older adults (M = 5.40, SE = 0.15 syllables/S). A significant main effect for practice was also 
found, F (2,47) = 5.67, p = 0.006, ηp

2 = 0.20 indicating a change in performance rate with practice. 
No significant interaction of the two factors was observed (F < 1), suggesting that the impact of 
practice did not differ across age groups. In a separate analysis, gender was found to have no sig-
nificant impact on any of the tested factors and will not be further discussed.

A visual inspection of Figure 1 suggests that the impact of the third round had a limited effect 
(if any) on oral-DDK rates, whereas the second round had a substantial impact. To test this 
directly, two post-hoc paired-sample t-tests were conducted (using a Bonferroni correction; for an 
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example of the use of this correction see Ben-David & Icht, 2016): (a) testing the impact of the 
second round (comparing round 1 and 2 as a within-participant factor); and (b) testing the impact 
of the third round (comparing round 2 and 3). In both t-tests, data were averaged across age-
groups, as the effect of round did not interact with age group. Comparing rounds 1 and 2 yielded 
a significant effect for practice, t (49) =3.17, p = 0.003. Yet, when comparing rounds 2 and 3, no 
significant effect for practice was found, neither when testing across age groups, t (49) = 0.08, not 
significant, nor when testing younger and older groups separately, t (24) = 0.73, p = 0.47 and  
t (24) = 1.01, p = 0.32, respectively.

In sum, practice appears to improve oral-DDK performance for both younger and older adults 
to a similar extent. However, two rounds (a single practice round) might be sufficient, as the addi-
tion of another one did not yield a significant change in the average performance of either age 
group.

3  Experiment 2. The Impact of Visual Feedback on Older and 
Younger Adults

Experiment 1 revealed that a single practice round is sufficient to improve oral-DDK performance 
rates for both older and younger adults. Experiment 2 further examined the type of practice most 
suitable for this task, testing the effect of adding visual feedback (using a mirror) to the second 
round. Finding an advantage in performance using visual feedback, in younger and/or older adults, 
can lead to new recommendations for the administration of the task. Experiment 2 also re-tested 
whether an additional third round yields a benefit after a second round (this time with visual 
feedback).

3.1  Material and Methods

3.1.1  Participants.  A fresh sample of 25 older adults volunteered to participate in the study, 15 
females and 10 males (age range 65–92 years old, M = 75.1, SD = 7.6). In addition, a fresh group 

Figure 1.  Average oral-diadochokinetic (DDK) rates (syllables per second) in Experiment 1, for younger 
and older adults, across the three rounds. The bars represent one standard error around the mean.
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of 25 younger adults, 11 males and 14 females (age range 20–40 years old, M = 26.8, SD = 4.6 
years) participated in return for partial course credit. Participants were recruited from the same 
recruitment pool of Experiment 1, using the same inclusion and exclusion criteria. Participants 
used their corrective eyewear when needed.

3.1.2  Apparatus, procedure and analysis.  These were identical to Experiment 1, except that the 
second round was performed in front of a standard mirror. The mirror, size 12 × 18 cm (“traveling 
mirror”), was placed on the table in front of the participant’s face (next to the digital audio-
recorder), about 35 cm from the participant’s mouth. The first (baseline) and third rounds were 
performed without a mirror, as in Experiment 1.

3.2  Results and Discussion

Figure 2 presents the data obtained in Experiment 2 for the two age groups. The analysis used in 
Experiment 1 was replicated. First, a mixed-factorial ANOVA was conducted with age-group 
(younger or older) as a between-participant factor and practice (round 1, 2 or 3) as a within-partic-
ipant factor. Only the main effect of age-group was found to be significant, F (1,48) = 22.59,  
p < 0.001, ηp

2 = 0.32, with higher rates for younger (M = 6.77, SE = 0.17 syllables/S) over older 
adults (M = 5.58, SE = 0.17 syllables/S), across the three rounds. The effect of round did not reach 
significance (F < 1), yet the interaction of age-group and round was significant, F (2,96) = 5.66,  
p = 0.005, ηp

2 = 0.11. A visual inspection of Figure 2 suggests that this interaction reflects an 
increase in rates after practice with visual feedback for the older adults, but not for the younger 
adults. As in Experiment 1, it appears that the third round did not have an effect on performance.

To test these possible trends directly, the following post-hoc paired-sample t-tests were con-
ducted (Bonferroni corrected): (a) testing the impact of the second round; and (b) testing the impact 
of the third round. As the effects of age group and round significantly interacted, these post-hoc 

Figure 2.  Average oral-diadochokinetic (DDK) rates (syllables per second) in Experiment 2, for younger 
and older adults, across the three rounds. Note, the second round was performed with visual feedback. 
The bars represent one standard error around the mean.
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tests were conducted separately for older and younger adults. Comparing rounds 1 and 2, revealed 
the source of the interaction.

For older adults, the visual feedback round increased the DDK rate, t (24) = 3.67, p < 0.001, but 
for younger adults, the additional practice did not alter the oral-DDK rate significantly, t (24) = 
0.88, p = 0.39. When comparing rounds 2 and 3, no significant effects for practice were found for 
either age group, t (24) < 0.7, p > 0.5 for both.

In sum, Experiment 1 has shown that a single practice round improves oral-DDK rates similarly 
for older and younger adults. Experiment 2 shows that the addition of visual feedback removes this 
benefit for younger adults, but not for older adults. To test this trend directly, two mixed-factor 
ANOVAs were conducted, comparing the effect of feedback, focusing on rounds 1 and 2 in both 
Experiments 1 and 2. For older adults, a significant main effect for practice was found, F (1, 48) = 
18.93, p < 0.001, ηp

2 = 0.28, but, no significant main effect was found for feedback, or a significant 
interaction of the two factors (F < 1). These results indicate that the addition of visual feedback had 
no impact on the advantage older adults accrued from a single practice round. As expected, this 
was not the case with younger adults. With this group, a significant interaction of feedback and 
practice was found, F (1,48) = 4.12, p < 0.05, ηp

2 = 0.08, but no significant main effects for practice 
and feedback were uncovered (F < 1 for both). Taken together, the set of analyses suggests that 
visual feedback removed the gain younger adults reaped from a single practice round, but no such 
effect was observed for older adults.

4  Experiment 2a: The Impact of Two Rounds of Visual 
Feedback on Younger Adults

The results of Experiments 1 and 2, suggest that a single practice trial can improve performance for 
younger adults, but when visual feedback is provided, this benefit is effaced. A third trial without 
visual feedback seems clinically redundant, as it did not significantly improve average oral-DDK 
rates. Yet, it is possible that a third round might improve performance, if it also includes visual 
feedback. To test this possibility directly, we conducted an auxiliary experiment replicating the 
procedure of Experiment 2, except that the third round was also performed in front of a standard 
mirror (in exactly the same fashion as round 2).

4.1  Material and Methods

4.1.1  Participants.  A fresh sample of 19 younger adults, 3 males and 16 females (age range 22–30 
years old, M = 25.7, SD = 1.8 years) volunteered to participate. Participants were recruited from 
the same recruitment pool of Experiment 2, using the same inclusion and exclusion criteria. Par-
ticipants used their corrective eyewear when needed.

4.1.2  Apparatus, procedure and analysis.  These were identical to Experiment 2, except that the 
third round was performed in front of a standard mirror, replicating the second round. Thus, only 
the first (baseline) round was performed without a mirror, as in Experiment 1.

4.2  Results and Discussion

A repeated-measures ANOVA was conducted with practice (round 1, 2 or 3) as a within-participant 
factor. The effect of round did not reach significance, F (2,36) = 2.17, p = 0.1, with the following 
means: M = 5.99, SE = 0.24 syllables/S, M = 5.98, SE = 0.19 syllables/S and M = 5.63, SE = 0.25 
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syllables/S, for rounds 1, 2 and 3 respectively. In sum, taking the results of Experiments 1, 2 and 
2a together confirms that a third round, with or without visual feedback, does not carry a signifi-
cant impact on average performance. Hence, in the final third Experiment, only two rounds will be 
tested. Moreover, Experiment 2a reaffirms findings from Experiment 2, indicating that for younger 
adults, performance in a second round with visual feedback was not different from performance in 
the first, initial, round. In other words, adding visual feedback removed the possible gain of prac-
tice (as indicated in Experiment 1) for younger adults.

5  Experiment 3. The Impact of Age-Related  
Visual– Degradation

In Experiment 1, where no visual feedback was provided, older and younger adults were (posi-
tively) impacted by practice to the same extent. In Experiment 2 (and 2a), the addition of visual 
feedback removed the benefit of practice for younger adults, but no such effect was observed for 
older adults. It is possible that this difference stems from age-related visual–sensory degradation. 
Even though participants used their corrective eyewear when needed, the literature shows that age-
related sensory degradation can still have an impact on processing a visual scene. In other words, 
for a subset of our older adults, impaired visual abilities may decrease the effect of visual feedback 
on their performance. Thus, a round with visual feedback will have a similar effect for that sub-
group as a no-feedback round.

To directly test this sensory source, a self-assessment questionnaire was used in Experiment 3 
to identify older adults who experience visual problems. If the differences between age-groups 
observed in Experiment 2 were indeed sensory in basis, these would be replicated for the subgroup 
of older adults who reported visual problems, but less so for older adults who did not report such 
problems. On the other hand, if age-related differences were not sensory based, both sub-groups 
would likely be impacted by visual feedback.

Moreover, to inflate the possible effects of visual feedback, in Experiment 3, an improved 
visual feedback was introduced, magnifying the image on the mirror and adding environmental 
lighting.

5.1  Material and Methods

5.1.1  Participants.  A fresh sample of 28 older adults volunteered to participate in the study, 
six males and 22 females (average age = 71.5 years, SD = 5.14). Note that the original sample 
included 35 older adults, yet seven did not complete both experimental sessions, leaving a 
total of 28 older participants. In addition, a fresh group of 29 younger adults, 3 males and 16 
females (age range 20–30 years old, M = 24.1, SD = 3.04 years) participated for partial course 
credit. Participants were recruited from the same recruitment pool of Experiments 1 and 2, 
using the same inclusion and exclusion criteria. Participants used their corrective eyewear 
when needed.

5.1.2  Vision questionnaire.  A Hebrew version of the Functional Vision Status Questionnaire 
(Horowitz, Teresi, & Cassels, 1991) was used to assess the visual abilities (subjective impair-
ment severity) of older participants. This screening tool was designed to identify functional 
indicators of vision problems and/or low vision rehabilitation in older adults. The questionnaire 
comprises 15 yes/no questions, assessing difficulties across different functional areas (e.g., read-
ing newspaper print, seeing price labels, and recognizing faces across a room). Visual difficulties 
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are indicated when at least one of the questions is answered positively. The questionnaire was 
administered in a separate successive session (from that of the experimental rounds) by the RA, 
who read aloud each question to the participant. Eleven participants (4 males, 7 females, average 
age = 70.6 years, SD = 4.03) reported no visual problem, and 17 participants (2 males, 15 
females, average age = 72.35 years, SD = 6.24) reported at least one problem (ranging from 1 to 
6, with a mean score of 2.7, SD = 1.89).1

5.1.3  Apparatus, procedure and analysis.  These were identical to Experiment 2, with three excep-
tions: (a) as no effects were uncovered for the third round in the previous experiments, we only 
used two rounds; (b) the second round was performed in front of an eight -inch magnifying cos-
metic mirror ( × 5 magnification), which was placed on the table in front of the participant’s face 
(next to the digital audio-recorder), about 35 cm from the participant’s mouth. Note, the first round 
was performed without a mirror, as in Experiment 1 and 2; and (c) the environmental lighting was 
increased, using a table-lamp with concealed fluorescent bulb which provided a high level of glare-
free light (DiLaura, Houser, Mistrick & Steffy, 2011), a commonly used adaptive aid for older 
adults (Horowitz, Reinhardt & Boerner, 2005).

5.2  Results and Discussion

Figure 3 provides a visual depiction of average oral-DDK rates (syllables/S) for the three tested 
sub-groups—younger adults, older adults with no visual problem (vision questionnaire score = 0) 
and older adults with visual problems (vision questionnaire score ≥ 1)—across the first and second 
rounds. As a first step, an omnibus mixed factor ANOVA was conducted, with practice (rounds 1 
or 2) as a within-participant factor and the three subgroups as a between-participant factor. The 
effect of round did not reach significance (F < 1), yet the interaction of sub-group and round was 
significant, F (2,54) = 6.25, p = 0.004, ηp

2 = 0.19.
To interpret this interaction, two repeated measures ANOVAs were conducted, with practice 

(rounds 1 or 2) as a within-participant factor: (1) comparing younger adults with older adults with 
at least one visual problem; and (2) comparing younger adults with older adults with no visual 
problems, as a between-participant factor. The effect of round did not reach significance (F < 1) in 
either ANOVA, yet the effect of age was significant in both comparisons, F (1,44) = 28.0, F (1,38) 
= 23.5 for comparison 1 and 2, respectively; p < 0.001, ηp

2 = 0.38 for both, with faster performance 
for younger adults. However, an interaction between age-group and practice was observed only 
when comparing younger adults with older adults that reported visual problems, F (1,44) = 11.8,  
p = 0.001, ηp

2 = 0.21, but not with those who reported no visual problems, F (1,38) = 2.8, not 
significant.

In follow-up post-hoc analyses, the effect of improved visual feedback practice was tested sepa-
rately for each of the three groups in a series of paired-sample t-tests (Bonferroni corrected). A 
significant increase in performance was only noted for the subgroup of older adults who reported 
visual problems from, M = 4.87, SE = 0.21 to M = 5.33, SE = 0.21 syllables/S; t (16) = 3.63, p = 0.002. 
For the two other groups (younger adults, and older adults who reported no visual problems) the 
change did not reach significance following a Bonferroni correction. In other words, it appears that 
for the subgroup of older adults who reported visual problems, the visual feedback round had a 
similar effect on performance as a no-feedback round. Whereas for the other subgroup of older 
adults, the visual feedback round removed the gain reaped from practice, in a similar fashion to its 
effect on younger adults. Taken together, the results of Experiment 3 suggest that age-related vis-
ual–sensory degradation can be taken as a possible source for the difference in the effect of visual 
feedback between the age groups.
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6  General Discussion

Assessments of oral-DDK rates are commonly performed to evaluate the oral-motor skills of indi-
viduals with a range of speech disorders (Williams & Stackhouse, 2000). Although oral-DDK rates 
have been extensively used to estimate speech motor control in a variety of pathological groups, 
the appropriate administration protocol is not defined, and varies across therapists, clinics and 
laboratories. Specifically, it is not clear whether a practice round (before the actual testing) is 
needed, and of what type. In other words, how many times should clients repeat the task in order 
to obtain optimal results that reliably reflect their abilities, and would these clients benefit from 
visual feedback? Answering these questions (with the SMR version of the oral-DDK) was the pri-
mary goal of the present study. Moreover, as there is relatively limited research focusing on the 
performance of healthy older adults (Pierce et al., 2013), even though they represent a growing 
portion of the clinical population, assessing these variables with an older population was the sec-
ondary goal of the study.

The results of this study replicate previous findings indicating that the oral-DDK rates are 
higher for younger than older adults (Amerman & Parnell, 1982). Irrespective of age group, all 
participants showed better performance with brief practice, with higher rates  obtained in the sec-
ond round relative to the first round (Experiment 1). However, the third round was found to be 
superfluous, across experiments and age groups (Experiments 1, 2 and 2a). Visual feedback was 
found to be detrimental for younger adults, whereas for older adults, it appears to be no different 
than a no-feedback round (Experiment 2). In other words, older adults gained from the chance to 
practice the task and were not impeded by the visual feedback, as younger adults were. A possible 
sensory source was suggested in Experiment 3. Only older adults who reported visual problems 
were not impeded by the visual feedback, whereas older adults who did not report any visual prob-
lems were impacted by the visual feedback round to a similar extent as younger adults.

Figure 3.  Average oral-diadochokinetic (DDK) rates (syllables per second), for the three tested groups 
of younger and older adults, across the first and second rounds (the second round performed with 
improved visual feedback). Note, older adults were separated by their vision questionnaire score to two 
sub-groups. The bars represent one standard error around the mean.
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6.1  Two versus Three Rounds

An important question of the present study was how many times a client should perform an oral-
DDK task in order to obtain results that reliably reflect oral motor abilities. As mentioned in the 
outset of this paper, there is no consensus on this issue, with different suggested protocols. The 
present findings show that, on average, performance was improved on the second round, but the 
third round did not significantly alter performance. This pattern was observed for both younger and 
older adults.

Finding the appropriate number of rounds that suits the majority of people is of special impor-
tance when the task is used in a clinical setting. Clinicians need to adopt a cost-effective admin-
istration protocol (Drummond, Sculpher, Claxton, Stoddart, & Torrance, 2015) providing 
sufficient practice to reveal oral motor abilities, while avoiding time waste and fatigue to the cli-
ent (as the oral-DDK task is only a small part of an assessment battery; see, Law, Zeng, Lindsay, 
& Beecham, 2012). Our results call for adopting a protocol with two rounds, as a third round 
appears to be redundant. This could also be supported by analyzing data on multiple sclerosis 
dysarthric patients (Konstantopoulos et al., 2011) where a second round was sufficient for accu-
rate clinical judgment.

6.2  The Role of Visual Feedback in Oral-DDK Tasks with Younger Adults

Using multiple feedback modalities is commonplace in speech and language therapy (e.g., combin-
ing tactile, auditory, and visual feedbacks). In a review of the literature, Ruscello (1995) found that 
the efficacy of therapy increased when more than one mode of feedback was used. Specifically, the 
literature notes that visual feedback facilitates correct speech production with various treatment 
types, such as articulation (Roth & Worthington, 2015) and voice therapy (Boone & Plante, 1993), 
with mirror feedback as the most frequently used method (VanderWoude, 2013; see the following 
examples of the use of mirror feedback: Sams, Möttönen, & Sihvonen, 2005; Weiss, Gordon, & 
Lillywhite, 1987). Given the wide clinical use of the mirror-feedback method, it is surprising to 
find that there are no studies specifically examining the benefit of mirrors in the oral-DDK task 
(VanderWoude, 2013).

The current results show that adding visual feedback does not improve performance on an oral-
DDK task for younger adults more than a no-feedback round. In fact, it can even impair perfor-
mance or counteract the benefits reaped from a practice round for this group. In Experiment 3 when 
visual feedback was improved, using an enlarging mirror and additional sources of light, this pat-
tern did not change. Possibly, there is sufficient somatosensory input (proprioceptive, tactile, and 
efferent feedbacks) performing the oral-DDK task, similar to the sensory information received 
during speech production (Postma, 2000). The visual input may, in this case, add redundant infor-
mation that strains cognitive resources, thus impairing performance (Ben-David & Algom, 2009; 
Ben-David, Eidels, & Donkin, 2014).

These results are also in line with McNeil, Odell, and Tseng’s (1991) resource allocation theory. 
The theory postulates that fast and accurate syllable production (as required in oral-DDK tasks) 
may already be taxing for the individual, requiring large amounts of attentional resources. Providing 
high levels of detailed feedback (such as visual feedback) may inappropriately draw from the (lim-
ited) pool of resources needed to successfully complete the task. Findings may likewise relate to 
the Speech Motor Skill theory (SMS, Namasivayam & Van Lieshout, 2011) maintaining that 
increased demands on speech motor control (e.g., attentional demands, Van Liehsout, Ben-David, 
Lipski, & Namasivayam, 2014) may negatively affect speech fluency and accuracy. In sum, by 
attending to the visual information, relating it to the oral movements and other somatosensory 
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sources, demands increase, movements become less automatic and more controlled, reducing the 
performance rate.

One should also note that visual feedback (processing and analysis of information) might be too 
slow for controlling maximum articulation rate, which is generally based on other, faster, feedback 
sources. Once an articulatory movement has begun, several sources of feedback are available, 
providing control of speech production (Postma, 2000). For example, proprioception (sensing 
where speech articulators are and where they are moving to) allows very fast (< 90 milliseconds 
(ms); Schmidt, 1988), reflex-like, corrections of muscle activities (Levelt, 1989). Tactile feedback 
(touch sense reporting on articulatory contact, such as the tongue against the teeth) is also charac-
terized by very fast reaction times. However, visual feedback is relatively slow (~160 ms; Saunders 
& Knill, 2003). Possibly, this slow feedback may slow down the fast-articulatory movement, as 
indicted in the current study for younger adults and older adults who did not report visual prob-
lems. In sum, the current data suggest avoiding visual feedback in the oral-DDK tasks.

6.3  The Role of Visual Feedback in Oral-DDK Tasks with Older Adults: The 
Impact of Age-Related Sensory-Visual Degradation

For older adults, visual feedback (whether standard or improved) did not have a different impact 
on performance than a no-feedback round. In other words, for older adults, performance was 
improved by the additional round, regardless of visual feedback. This pattern stands in contrast to 
the detrimental impact visual feedback had on younger adults’ performance. Such age-related 
effect could suggest possible cognitive or sensory sources. Namely, age-related slowing in speed 
of processing (Cerella, 1985) and reduced efficiency of inhibition (Hasher & Zacks, 1988) may 
both lead to a decrease in available cognitive resources (Salthouse, 1988a) in aging. These limited 
resources may impair the ability of older adults to incorporate additional visual information pro-
vided by the visual feedback and relate it to the tactile and auditory sensory inputs available dur-
ing speech production.

Alternatively, age-related changes in the sensory visual system that reduce the quality of the 
visual input (feedback), render it less intelligible (information degradation hypothesis, Schneider 
& Pichora-Fuller, 2000) and thus it is not efficiently processed. The data accrued in Experiment 3 
provide some support for the latter hypothesis. The performance of older adults with better visual 
abilities was impacted by the visual feedback to a similar extent as the performance of younger 
adults. One may assume that, as the sensory information was available for this group of older 
adults, the visual feedback counteracted the possible gain from the additional practice. However, 
when older adults noted poorer visual abilities, the visual feedback did not hamper the advantage 
from an additional round. Possibly, due to visual degradation, the information was less accessible 
for processing.

6.4  Age-Related Reduction in Oral-DDK Rates

Across three experiments, a large age-related decrease in performance was noted. This trend confirms 
studies reported in the literature (e.g., Amerman & Parnell, 1982). On average, the performance on 
the first baseline round (to avoid the impact of the different feedback types) was 6.79 syllables/S  
(SD = 0.91) for younger adults and 5.22 syllables/S (SD = 0.90) for older adults, F (1,162) = 122.73, 
p < 0.001, ηp

2 = 0.43. Notably, the averages replicate those reported for Hebrew speakers in other 
samples (younger adults; Icht, & Ben-David, 2014; older adults; Ben-David & Icht, 2017) and may 
serve to reaffirm the norms suggested by these studies for Hebrew speakers.
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In adult aging (65 years old and above), from an anatomic and physiologic perspective, motor 
speed (for large and fine motor movements) generally slows down, with diminished strength, sta-
bility, coordination and endurance of organ systems (Haywood & Getchell, 2014; Osaki, 2015). 
Consequently, motor functions of the tongue, lips, cheeks, and mandible are known to deteriorate 
with age (Baum & Bodner, 1983).

Given these age-related anatomic and physiologic changes, it is possible that older adults pro-
duce syllable repetitions at a reduced (and perhaps a more comfortable) rate as a strategy, prefer-
ring accuracy to speed. Goozee and his colleagues (Goozee et  al., 2005) assessed the lingual 
kinematic strategies used by younger and older adults to increase speech rate. The authors con-
cluded that both groups used similar schemes to reduce consonant durations, but suggested that 
older adults’ performance reflected a “speed–accuracy trade-off,” with a shift towards accuracy 
and away from speed (Parnell, & Amerman, 1996). Indeed, older adults are generally reported to 
operate with a higher accuracy bias than young adults (Salthouse, 1988b).

Goozee et al. (2005) also posited that older adults monitor their speech more carefully than 
younger adults do, thus they produce speech more slowly (Smith, Wasowicz, & Preston, 1987). 
Indeed, older adults show a general tendency of exhibit caution in their performances (Welford, 
1977); specifically in the testing situation, where a stereotype threat may exist (i.e., the fear of 
confirming a negative stereotype; see Barber & Mather, 2013), older adults tend to focus on pre-
vention of mistakes, rather than striving for the best performance. This increased speech monitor-
ing may facilitate accuracy of productions, at the expense of speed.

Schmidt’s (1975, 2003; Schmidt & Lee, 2005) schema theory for motor control may present 
another possible explanation. Production of rapid discrete movements involves units of action 
(motor programs) that are retrieved from memory and then adapted to a particular situation. It is 
possible that with aging, downstream motor-control processes are less effective, and the relations 
between the motor commands, sensory consequences, and movement outcomes are fragile and 
vulnerable (Maas et al., 2008).

7  Conclusions and Recommendations

Older adults comprise an increasing portion of the users of health systems and services (including 
SLP, American Speech–Language–Hearing Association, 1988) in developed nations (Uhlenberg, 
2009). Thus, an adaptation of clinical tools to meet the needs and abilities of older adults is called 
for. Age-related changes in motor control, perceptual function, and cognitive abilities should be 
considered when planning and using assessment protocols and clinical tools (Rogers & Fisk, 2010). 
Age-related cognitive changes (e.g., working memory, attention) present challenges on the type of 
tasks and instructions given. Hearing impairments decrease the quality of acoustic–phonetic input 
signals, thus increasing listening effort, mainly in background noise. Visual problems interfere 
with the ability to read different types of information, especially in dim light (Fisk, Rogers, 
Charness, Czaja, & Sharit, 2009).

All these factors may play a role in older adults’ performance on oral-DDK tasks as well. 
Cognitive factors (e.g., response inhibition, Hasher & Zacks, 1988; speed of processing, Cerella & 
Hale, 1994; Verhaeghen, 2011) need to be considered when examining task duration, number of 
repetitions (practice trials) and attentional distractors in the environment. Hearing abilities should 
be considered when aural instructions or modeling are given. Vision problems must also be taken 
into consideration when reading is needed (e.g., written instructions), when a task is visually dem-
onstrated to an older client, or when visual feedback is provided (as in the current study). Other 
task-related factors may also be considered. For example, Ben-David and Icht (2017) recently 
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found that the type of oral-DDK stimuli significantly affects performance rate. Namely, older 
adults repeated a Hebrew real-word faster than the commonly used non-word “pa-ta-ka” by 12%.

The current findings support an administration protocol with two rounds of oral-DDK task 
(when using the SMR version). The faster rate (either first or second round) should be taken as the 
oral-DDK rate. Visual feedback is not recommended. The study focused on testing the oral-DDK 
rate, a measure that is simple to gauge in SLP clinics. Note, however, that there are other measures 
that can be assessed in an oral-DDK task, for example, accuracy and consistency (stability of per-
formance). Future studies may examine how practice, visual feedback and aging affect these meas-
ures as well.

8  Caveats

Inclusion and exclusion criteria were based on self-reports of general health (personal question-
naire) and vision status (Functional Vision Status Questionnaire) and were not supported by medical 
documents. In addition, vision status for younger adults was assessed only with a general self-report, 
rather than a full visual questionnaire. It is possible that a participant may exaggerate or under-report 
the severity or frequency of symptoms, and that younger adults’ visual problems were not uncov-
ered. To minimize these effects, the RAs in this study were clinically trained students, and con-
ducted a semi-structured preliminary interview before the study. Moreover, the significant effect on 
oral-DDK performance of the visual questionnaire supports the validity of our tools.

The results of this study may be limited to the SMR task. Future studies should examine whether 
the results extend to the AMR task as well. Evaluating other measures of the oral-DDK task (e.g., 
variability, precision, and inter-syllable pauses) may add to our understanding of oro-motor control 
and function along the lifespan, making differential diagnosis processes more accurate. Most of 
these factors can be instrumentally analyzed, using acoustic software.

Finally, in order to allow a direct comparison of the current results to available norms in 
Hebrew (young adults: Icht & Ben-David, 2014; school age children: Icht & Ben-David, 2015; 
older adults: Ben-David & Icht, 2017), a manual counting method was chosen (as described by 
Fletcher, 1972). However, future studies may validate these results using an instrumental 
method—acoustic software (Meurer, et al., 2004; Wang, Kent, Duffy, & Thomas, 2008; for a 
related discussion on inter- and intra-rater reliability of perceptual DDK measurement, see 
Gadesmann & Miller, 2008).
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130	 Language and Speech 61(1)

References

Ackermann, H., Hertrich, I., & Hehr, T. (1995). Oral diadochokinesis in neurological dysarthrias. Folia 
Phoniatrica et Logopaedica, 47(1), 15–23.

American Speech–Language–Hearing Association (1988, March). The roles of speech language pathologists 
and audiologists in working with older persons. Asha, 30(3), pp. 80–84.

American Speech–Language–Hearing Association (2004). Preferred practice patterns for the profession of 
speech-language pathology [Preferred practice patterns]. Retrieved from www.asha.org/policy

American Speech–Language–Hearing Association (2017). Speech sound disorders–Articulation and phonol-
ogy. Retrieved from http://www.asha.org/PRPSpecificTopic.aspx?folderid=8589935321&section=Trea
tment

Amerman, J. D., & Parnell, M. (1982). Oral motor precision in older adults. Journal of the National Student 
Speech, Language and Hearing Association, 10, 55–56.

Barber, S. J., & Mather, M. (2013). Stereotype threat can both enhance and impair older adults’ memory. 
Psychological Science, 24(12), 2522–2529.

Baum, B. J., & Bodner, L. (1983). Aging and oral motor function: Evidence for altered performance among 
older persons. Journal of Dental Research, 62(1), 2–6.

Ben-David, B. M., Eidels, A., & Donkin, C. (2014). Effects of aging and distractors on detection of redundant 
visual targets and capacity: Do older adults integrate visual targets differently than younger adults? PLoS 
ONE 9(12), e113551.

Ben-David, B. M., Erel, H., Goy, H., & Schneider, B. A. (2015). “Older is always better”: Age-related differ-
ences in vocabulary scores across 16 years. Psychology and Aging, 30(4), 856–862.

Ben-David, B. M., & Icht, M. (2016). Voice changes in real speaking situations during a day, with and with-
out vocal loading: Assessing call center operators. Journal of Voice, 30(2), 247.e1–247.e11.

Ben-David, B. M., & Icht, M. (2017). Oral-diadochokinetic rates for Hebrew-speaking healthy aging pop-
ulation: Non-word vs. real-word repetition. International Journal of Language & Communication 
Disorders, 52(3), 301–310.

Ben-David, B. M., Nguyen, L. L. T., & van Lieshout, P. H. H. M. (2011). Stroop effects in persons with trau-
matic brain injury: Selective attention, speed of processing or color-vision? Journal of the International 
Neuropsychological Society, 17(2), 354–363.

Ben-David, B. M., & Schneider, B. A. (2009). A sensory origin for color-word Stroop effects in aging: A 
meta-analysis. Aging, Neuropsychology and Cognition, 16(5), 505–534.

Ben-David, B. M., & Schneider, B. A. (2010). A sensory origin for aging effects in the color-word Stroop 
task: Simulating age-related changes in color-vision mimic age-related changes in Stroop. Aging, 
Neuropsychology and Cognition, 17(6), 730–746.

Ben-David, B. M., Shakuf, V., & van Lieshout, P. H. H. M. (2016). Sensory source for Stroop effects in 
persons after TBI: Support from fNIRS-based investigation. Brain Imaging and Behavior, 10(4),  
1135–1136.

Ben-David, B. M., Tewari, A., Shakuf, V., & van Lieshout, P. H. H. M. (2014). Stroop effects in Alzheimer’s 
disease: Selective attention, speed of processing or color-naming? A meta-analysis. Journal of 
Alzheimer’s Disease, 38(4), 923–938.

Bennett, J. W., Van Lieshout, P. H. H. M., & Steele, C. M. (2007). Tongue control for speech and swal-
lowing in healthy younger and older subjects. International Journal of Orofacial Myology, 33(1), 
5–18.

Boone, D. R., & Plante, E. (1993). Human communication and its disorders. Englewood Cliffs, NJ: Prentice 
Hall.

Caruso, A., Mueller, P., & Shadden, B. B. (1995). Effects of aging on speech and voice. Physical and 
Occupational Therapy in Geriatrics, 13(1–2), 63–80.

Cerella, J. (1985). Information processing rates in the elderly. Psychological Bulletin, 98(1), 67–83.
Cerella, J., & Hale, S. (1994). The rise and fall in information-processing rates over the life span. Acta 

Psychologica (Amst), 86(2–3), 109–197.
Craik, E I. M., & Salthouse, T.A. (Eds.). (2008). The handbook of aging and cognition. 3rd edition. Hillsdale, 

NJ: Erlbaum.

www.asha.org/policy
http://www.asha.org/PRPSpecificTopic.aspx?folderid=8589935321&section=Treatment
http://www.asha.org/PRPSpecificTopic.aspx?folderid=8589935321&section=Treatment


Ben-David and Icht	 131

DiLaura, D. L., Houser, K. W., Mistrick, R. G., & Steffy, G. R. (2011). The lighting handbook: Reference and 
application. New York, NY: Illuminating Engineering Society.

Drummond, M. F., Sculpher, M. J., Claxton, K., Stoddart, G. L., & Torrance, G. W. (2015). Methods for the 
economic evaluation of health care programmes. Oxford, UK: Oxford University Press.

Duval, T. S., & Wickland, R. A. (1972). A theory of objective self-awareness. New York, NY: Academic 
Press.

Fisk, A. D., Rogers, W. A., Charness, N., Czaja, S. J., & Sharit, J. (2009). Designing for older adults: 
Principles and creative human factors approaches. Boca Raton, FL: CRC Press.

Fletcher, S. G. (1972). Time-by-count measurement of DDK syllable rate. Journal of Speech and Hearing 
Research, 15(4), 763–770.

Freysteinson, W. M. (2009). Therapeutic mirror interventions: An integrated review of the literature. Journal 
of Holistic Nursing, 27(4), 241–252.

Frisch, S. A., Large, N. R., & Pisoni, D. B. (2000). Perception of wordlikeness: Effects of segment probability 
and length on the processing of nonwords. Journal of Memory and Language, 42(4), 481–496.

Gadesmann, M., & Miller, N. (2008). Reliability of speech diadochokinetic test measurement. International 
Journal of Language & Communication Disorders, 43(1), 41–54.

Giddens, C. L., Coleman, A. E., & Adams, C. M. (2010). A home program of speech therapy in Huntington’s 
disease. Journal of Medical Speech-Language Pathology, 18(2), 1–11.

Giuffrida, C. G., Shea, J. B., & Fairbrother, J. T. (2002). Differential transfer benefits of increased practice for 
constant, blocked, and serial practice schedules. Journal of Motor Behavior, 34(4), 353–365.

Goozee, J. V., Stephenson, D. K., Murdoch, B. E., Darnell, R. E., & Lapointe, L. L. (2005). Lingual kin-
ematic strategies used to increase speech rate: Comparison between younger and older adults. Clinical 
Linguistics & Phonetics, 19(4), 319–334.

Habak, C., & Faubert, J. (2000). Larger effect of aging on the perception of higher-order stimuli. Vision 
Research, 40(8), 943–950.

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and aging: A review and a new view. 
In: G. H Bower (Ed.), The psychology of learning and motivation: Volume 22 (pp. 193–225). San Diego, 
CA: Academic Press.

Haywood, K., & Getchell, N. (2014). Life Span Motor Development. 6th edition. Champaign, IL: Human 
Kinetics.

Heidenreich, J. (2013). Effects of visual feedback on stuttering (Order No. 1524489). ProQuest Dissertations 
& Theses Global. (1462856658). Retrieved from http://search.proquest.com/openview/3b9315de46679
1193bfdab12fb34fcb9/1?pq-origsite=gscholar&cbl=18750&diss=y

Horowitz, A., Reinhardt, J. P., & Boerner, K. (2005). The effect of rehabilitation on depression among visu-
ally disabled older adults. Aging & Mental Health, 9(6), 563–570.

Horowitz, A., Teresi, J. E., & Cassels, L. A. (1991). Development of a vision screening questionnaire for 
older people. Journal of Gerontological Social Work, 17(3–4), 37–56.

Icht, M., & Ben-David, B. M. (2014). Oral-diadochokinesis rates across languages: English and Hebrew 
norms. Journal of Communication Disorders, 48(1), 27–37.

Icht, M., & Ben-David, B. M. (2015). Oral-Diadochokinetic Rates for Hebrew-Speaking Children: Real-
Words vs. Non-words Repetition. Clinical Linguistics and Phonetics, 29(2), 102–114.

Katula, J. A., & McAuley, E. (2001). The mirror does not lie: Acute exercise and self-efficacy. Internal 
Journal of Behavioral Medicine, 8(4), 319–326.

Kent, R. D., Kent, J., & Rosenbek, J. (1987). Maximum performance tests of speech production. Journal of 
Speech and Hearing Disorders, 52(4), 367–387.

Kent, R., & Rosenbek, J. (1983). Acoustic patterns of apraxia of speech. Journal of Speech and Hearing 
Research, 26(2), 231–249.

Kikutani, T., Tamura, F., Nishiwaki, K., Kodama, M., Suda, M., Fukui, T., & … Kimura, M. (2009). Oral 
motor function and masticatory performance in the community-dwelling elderly. Odontology, 97(1), 
38–42.

Konstantopoulos, K., Charalambous, M., & Verhoeven, J. (2011). Sequential motion rates in the dysar-
thria of multiple sclerosis: A temporal analysis. In Proceedings of the 17th International Congress of 

http://search.proquest.com/openview/3b9315de466791193bfdab12fb34fcb9/1?pq-origsite=gscholar&cbl=18750&diss=y
http://search.proquest.com/openview/3b9315de466791193bfdab12fb34fcb9/1?pq-origsite=gscholar&cbl=18750&diss=y


132	 Language and Speech 61(1)

Phonetic Sciences, Hong Kong, 17–22 August 2011, pp. 1138–1141. Retrieved from https://www.inter-
nationalphoneticassociation.org/icphs-proceedings/ICPhS2011/OnlineProceedings/RegularSession/
Konstantopoulos/Konstantopoulos.pdf

Ladefoged, P. (1993). A course in phonetics. 3rd edition. Fort Worth, TX: Harcourt, Brace, and Jovanovich.
Lamarche, L., Gammage, K. L., & Strong, H. (2007). The effect of mirrored environments and previous aero-

bics experience on self-presentational efficacy, task self-efficacy, and social anxiety in women. Journal 
of Sport & Exercise, 29, 177–178.

Law, J., Zeng, B., Lindsay, G., & Beecham, J. (2012). Cost-effectiveness of interventions for children with 
speech, language and communication needs (SLCN): A review using the Drummond and Jefferson 
(1996) ‘Referee’s Checklist’. International Journal of Language & Communication Disorders, 47(1), 
1–10.

Levelt, W. J. M. (1989). Speaking: From intention to articulation. Cambridge, MA: MIT Press.
Lindenberger, U., & Baltes, P.B. (1994). Sensory functioning and intelligence in old age: a strong connection. 

Psychology and Aging 9(3), 339–355.
Linville, S. E. (2004). The aging voice, the ASHA leader. Retrieved from http://www.asha.org/Publications/

leader/2004/041019/041019e.htm
Louzada, T., Beraldinelle, R., Berretin-Felix, G., & Brasolotto, A. G. (2011). Oral and vocal fold diadochoki-

nesis in dysphonic women. Journal of Applied Oral Science, 19(6), 567–572.
Maas, E., Robin, D. A., Hula, S. N. A., Freedman, S. E., Wulf, G., Ballard, K. J., & Schmidt, R. A. (2008). 

Principles of motor learning in treatment of motor speech disorders. American Journal of Speech-
Language Pathology, 17(3), 277–298.

Majorano, M., & D’Odorico, L. (2011). The transition into ambient language: A longitudinal study of bab-
bling and first word production of Italian children. First Language, 31(1), 47–66.

McNeil, M. R., Odell, K., & Tseng, C. H. (1991). Toward the integration of resource allocation into a general 
theory of aphasia. Clinical Aphasiology, 20(1), 21–39.

Meurer, E. M., Wender, M. C. O., von Eye Corleta, H., & Capp, E. (2004). Phono-articulatory variations of 
women in reproductive age and postmenopausal. Journal of Voice, 18(3), 369–374.

Mueller, P. B. (2007). The aging voice. Seminars in Speech and Language, 18(2), 159–168.
Namasivayam, A. K., & Van Lieshout, P. (2011). Speech motor skill and stuttering. Journal of Motor 

Behavior, 43(6), 477–489.
Newell, K. M., & Valvano, J. (1998). Therapeutic intervention as a constraint in learning and relearning 

movement skills. Scandinavian Journal of Occupational Therapy, 5(3), 51–57.
Nguyen-Tri, D., Overbury, O., & Faubert, J. (2003). The role of lentricular senescence in age-related color 

vision changes. Investigative Ophthalmology & Visual Science, 44(8), 3698–3704.
Osaki, M. (2015). Effect of aging on oral and swallowing function after meal consumption. Clinical 

Interventions in Aging, 10, 229–235.
Padovani, M., Gielow, I., & Behlau, M. (2009). Phonarticulatory diadochokinesis in young and elderly indi-

viduals. Arquivos de Neuro-psiquiatria, 67(1), 58–61.
Park, D. C., Gutchess, A. H., Meade, M. L., & Stine-Morrow, E. A. (2007). Improving cognitive function in 

older adults: nontraditional approaches. The Journals of Gerontology Series B: Psychological Sciences 
and Social Sciences, 62(Special Issue 1), 45–52.

Park, J. H., & Shea, C. H. (2003). Effect of practice on effector independence. Journal of Motor Behavior, 
35(1), 33–40.

Park, J. H., & Shea, C. H. (2005). Sequence learning: Response structure and effector transfer. Quarterly 
Journal of Experimental Psychology, 58(3), 387–419.

Parnell, M. M., & Amerman, J. D. (1987). Perception of oral diadochokinetic performances in elderly adults. 
Journal of Communication Disorders, 20(4), 339–352.

Parnell, M. M., & Amerman, J. D. (1996). An 11-year follow-up of motor speech abilities in elderly adults. 
Clinical Linguistics and Phonetics, 10(2), 103–118.

Pierce, J. E., Cotton, S., & Perry, A. (2013). Alternating and sequential motion rates in older adults. 
International Journal of Language & Communication Disorders, 48(3), 257–264.

https://www.internationalphoneticassociation.org/icphs-proceedings/ICPhS2011/OnlineProceedings/RegularSession/Konstantopoulos/Konstantopoulos.pdf
https://www.internationalphoneticassociation.org/icphs-proceedings/ICPhS2011/OnlineProceedings/RegularSession/Konstantopoulos/Konstantopoulos.pdf
https://www.internationalphoneticassociation.org/icphs-proceedings/ICPhS2011/OnlineProceedings/RegularSession/Konstantopoulos/Konstantopoulos.pdf
http://www.asha.org/Publications/leader/2004/041019/041019e.htm
http://www.asha.org/Publications/leader/2004/041019/041019e.htm


Ben-David and Icht	 133

Postma, A. (2000). Detection of errors during speech production: A review of speech monitoring models. 
Cognition, 77(2), 97–132.

Ptacek, P. H., Sander, E. K., Maloney, W. H., & Jackson, C. C. R. (1966). Phonatory and related changes with 
advanced age. Journal of Speech and Hearing Research, 9(3), 353–360.

Rogers, W. A., & Fisk, A. D. (2010). Toward a psychological science of advanced technology design for 
older adults. The Journals of Gerontology Series B: Psychological Sciences and Social Sciences, 65B(6): 
645–653.

Rosenbek, J. C., Lemme, M. L., Ahern, M. B., Harris, E. H., & Wertz, R. T. (1973). A treatment for apraxia 
of speech in adults. Journal of Speech and Hearing Disorders, 38(4), 462–472.

Roth, F., & Worthington, C. (2015). Treatment resource manual for speech language pathology. Andover, 
UK: Cengage Learning.

Ruscello, D. M. (1995). Speech appliances in the treatment of phonological disorders. Journal of 
Communicative Disorders, 28(4), 331–353.

Salthouse, T. A. (1988a). Resource reductions interpretation of cognitive aging. Development Review, 8(3), 
238–272.

Salthouse, T. A. (1988b). Cognitive aspects of motor functioning. Annals of the New York Academy of 
Sciences, 515(1), 33–41.

Sams, M., Möttönen, R., & Sihvonen, T. (2005). Seeing and hearing others and oneself talk. Cognitive Brain 
Research, 23(2), 429–435.

Saunders, J. A., & Knill, D. C. (2003). Humans use continuous visual feedback from the hand to control fast 
reaching movements. Experimental Brain Research, 152(3), 341–352.

Schalling, E., Hammarberg, B., & Hartelius, L. (2007). Perceptual and acoustic analysis of speech in indi-
viduals with spinocerebellar ataxia (SCA). Logopedics, Phoniatrics, Vocology, 32(1), 31–46.

Schmidt, R. A. (1975). A schema theory of discrete motor skill learning. Psychological Review, 82(4), 225–
260.

Schmidt, R. A. (1988). Motor control and learning: a behavioral emphasis. Champaign, IL: Human 
Kinetics.

Schmidt, R. A. (2003). Motor schema theory after 27 years: Reflections and implications for a new theory. 
Research Quarterly for Exercise and Sport, 74(4), 366–375.

Schmidt, R. A., & Lee, T. D. (2005). Motor control and learning: A behavioral emphasis. 4th edition. 
Champaign, IL: Human Kinetics.

Schneider, B., & Pichora-Fuller, M. (2000). Implications of perceptual deterioration for cognitive aging 
research. In F. I. M. Craik & T. A. Salthouse (Eds.), The Handbook of Aging and Cognition (pp. 155–
219). Mahwah, NJ: Lawrence Erlbaum Associates.

Seikel, J. A., King, D. W., & Drumright, D. G. (2005). Physiology of mastication and deglutition. In J. A. 
Seikel, D. W. King, & D. G. Drumright (Eds.), Anatomy and& physiology for speech, language, and 
hearing (pp. 391–405). 3rd edition. New York, NY: Thomson.

Shipley, K., & McAfee, J. (2015). Assessment in speech-language pathology: A resource manual. Andover, 
UK: Cengage Learning.

Smith, B. L., Wasowicz, J., & Preston, J. (1987). Temporal characteristics of the speech of normal elderly 
adults. Journal of Speech and Hearing Research, 30(4), 522–529.

Snyder, G. J., Hough, M. S., Blanchet, P., Ivy, L. J., & Waddell, D. (2009). The effects of self-generated 
synchronous and asynchronous visual speech feedback on overt stuttering frequency. Journal of 
Communication Disorders, 42(3), 235–244.

Uhlenberg, P. (Ed.) (2009). International handbook of population aging (Volume 1). Dordrecht, The 
Netherlands: Springer Science & Business Media.

Van Lieshout, P. H. H. M., Ben-David, B. M., Lipski, M., & Namasivayam, A. (2014). The impact of threat 
and cognitive stress on speech motor control in people who stutter. Journal of Fluency Disorders, 40, 
93–109.

VanderWoude, C. (2013). Examining the effects of a mirror on imitation in children with autism. Honors 
Theses, Paper 2311. Western Michigan University, USA. Retrieved from http://scholarworks.wmich.
edu/cgi/viewcontent.cgi?article=3315&context=honors_theses

http://scholarworks.wmich.edu/cgi/viewcontent.cgi?article=3315&context=honors_theses
http://scholarworks.wmich.edu/cgi/viewcontent.cgi?article=3315&context=honors_theses


134	 Language and Speech 61(1)

Verhaeghen, P. (2011). Aging and executive control: Reports of a demise greatly exaggerated. Current 
Directions in Psychological Science, 20(3), 174–180.

Vitevitch, M. S., & Luce, P. A. (1998). When words compete: Levels of processing in perception of spoken 
words. Psychological Science, 9(4), 325–329.

Wang, Y. T., Kent, R. D., Duffy, J. R., & Thomas, J. E. (2008). Analysis of diadochokinesis in ataxic dysar-
thria using the Motor Speech Profile Program™. Folia Phoniatrica et Logopaedica, 61(1), 1–11.

Wang, Y. T., Kent, R. D., Duffy, J. R., Thomas, J. E., & Weismer, G. (2004). Alternating motion rate as 
an index of speech motor disorder in traumatic brain injury. Clinical Linguistics and Phonetics, 18(1), 
57–84.

Weiss, C. E., Gordon, M. E., & Lillywhite, H. S. (1987). Articulatory and phonological disorders. Baltimore, 
MD: Williams & Wilkins.

Welford, A. T. (1977). Causes of slowing of performance with age. Interdisciplinary Topics in Gerontology, 
11(1), 43–51.

Werner, J. S., & Steele, V. G. (1988). Sensitivity of human foveal color mechanisms throughout the life span. 
Journal of the Optical Society of America. A, Optics and Image Science, 5(12), 2122–2130.

Williams, P., & Stackhouse, J. (2000). Rate, accuracy and consistency: Diadochokinetic performance of 
young, normally developing children. Clinical Linguistics & Phonetics, 14(4), 267–293.


