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CHAPTER I 
 
Introduction 

Our aging population, the Silver Tsunami, otherwise known as adults 65 years 

and older, is growing rapidly. In fact, in 2050, the population aged 65 and over is 

projected to be 83.7 million, almost double its estimated population of 43.1 million in 

2012 (Barry, 2008; Mynatt, Essa, & Rogers, 2000; National Institutes of Health [NIH], 

2014; Ortman, Velkoff, & Hogan, 2014). In addition, the population of individuals under 

the age of 65 is in a state of decline, which means that soon the older population will 

outnumber the younger population (Dishman, 2004; NIH, 2014).     

One of the main goals of the aging population is to maintain an independent 

lifestyle; thus, maintaining the quality of their lives. An independent lifestyle is supported 

through an individual’s continued mastery of activities of daily living (ADLs) and 

instrumental activities of daily living (IADLs) (Mynatt et al., 2000; Willis, 1996). As 

stated by Kempen and Suurmeijer (1990), the ability to perform essential ADL functions 

are indicative of an individual’s self-care performance, while IADL functions are 

indicative of an individual’s ability to be independent in certain environments. In order to 

live independently, it is necessary for individuals to be able to continue to provide their 

own direct self-care, as well as to remain self-reliant in their functions, such as 

feeding/eating, bathing, dressing, toileting, and transferring, across different 

environments. This allows individuals to take part in what has been termed “aging in 

place,” or remaining in the home environment throughout the lifespan, which is 
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something that occupational therapy can aid individuals in accomplishing (Borell, 2006; 

Iwarsson & Isacsson, 1996).  

The increasing body of knowledge about cognitive changes that are part of the 

natural aging process has shown there is general decline, but some individuals’ abilities 

remain intact as they enter their 70s and 80s (Mynatt et al., 2000). Aging leads to an 

increased difference between individual change in cognitive skills in task performance, 

and cognitive aging also has the potential to negatively affect performance of ADLs and 

IADLs and, in turn, independence and self esteem (Albert, Duffy, & Naeser, 1987; 

Baudouin, Vanneste, Isingrini, & Pouthas 2005; Hultsch, MacDonald, & Dixon, 2002; 

Morse, 1993). However, the brain contains properties of plasticity; that is, the brain can 

undergo continuous changes, given certain stimuli (Classen, Liepert, Wise, Hallett, & 

Cohen, 1998; Donoghue, 1995; Ungerleider, 1995).  This cognitive plasticity lends itself 

to the idea that with practice and repetitive input, the brain can undergo changes in 

structure and functioning, possibly leading to both cognitive and motor benefits 

throughout the lifespan and/or in the event of neuro-impairment.  

Also linked with cognition are the concepts of executive functioning and internal 

rhythms. Executive functioning allows individuals to make and perform multi-step plans 

(Allain et al., 2004). Internal rhythms, more commonly referred to as circadian rhythms, 

contribute to an individual’s metabolic and behavioral systems, as well as cognition and 

motor control and are regulated by the suprachiasmatic nucleus (SCN) of the 

hypothalamus (Bradshaw & Szabadi, 1997; Buhusi & Meck, 2005; Pastor & Artieda, 

1996). Since an individual’s ability to carry out ADLs and IADLs depends heavily upon 

planning, motor functions, and cognition, executive functions and internal rhythms are 
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intriguing areas for occupational therapists to explore through the lens of maintaining 

independence in self-care and self-reliant functioning throughout the lifespan.   

This study aims to explore cognitive and motor skills retention; specifically, to 

see if the study’s participants will both attain and retain therapeutic effects from the 

recommended 12 Interactive Metronome® (IM) sessions with an additional regimen of 

six more sessions after a six week break. The IM is a computer-based training tool that 

seeks to improve the brain’s timing, build efficient, synchronized connections in the 

brain, and increase the brain’s ability to perform efficiently and better benefit from other 

interventions (Interactive Metronome, 2015). Hill, Dunn, Dunning, and Page (2011) 

conducted a study in which the participants reported gains in sensorimotor processing, 

cognition, and ADL speed after IM treatment. Furthermore, IM (2015) claims that 

through implementation, the IM can improve timing, rhythm, and synchronization in the 

brain. It is the aim of this study to provide evidence to either support or disprove these 

claims in order to bolster the literature. Then, the literature may provide guidance to 

occupational therapists in their quest to provide clients with the continued ability to 

perform functions, and thus, quality of life, as they age.  

Statement of the Problem 
 

A study to examine the relationship between the IM program and cognitive 

plasticity, cognitive retention, and motor skills of older adults in southeastern North 

Carolina is important for several reasons. First, as the aging population rapidly expands, 

the necessity for quality of life of this cohort remains an important health care concern 

occupational therapists are often called to address. Cognitive and motor skills provide a 

solid base on which individuals develop the various activities that build the perception of 
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quality of life. Secondly, occupational therapists, along with other healthcare 

professionals, are called to seek out possible treatment or intervention options that could 

aid individuals in maintaining independence in ambulation, ADLs, and IADLs for as long 

as is safe for individuals and those around them. If the IM program has a positive 

relationship with cognitive plasticity, cognitive retention, and motor skills, then it must 

be communicated to the profession as a whole that this intervention tool is a viable option 

for practitioners’ treatment plans. Third, as new intervention tools are being developed, it 

is important for the literature to reflect both the positive and negative aspects of pre-

existing tools. Since this research seeks to determine what works and what does not, we 

can pave the way for more successful, efficient intervention tools in the future.  

Purpose of the Study 
 

The purpose of this pre-test, post-test, quasi-experimental study is to examine the 

relationship between the IM program and cognitive plasticity, cognitive retention, and 

motor skills of older adults in southeastern North Carolina. The IM program will be 

carried out in various settings with an occupational therapist and/or graduate occupational 

therapy students present for motivation and guidance. All participants will undergo pre- 

and post-assessments in order to track their cognitive and motor function as they move 

through the program. Cognitive assessments include the Woodcock-Johnson III (WJ III) 

and the d2 Test of Attention (d2). Motor assessments include the Four Step Square Test 

(FSST) and the Nine Hole Peg Test (NHPT). The participants’ scoring and progress 

within the IM program will also be tracked and examined for trends and indicators. This 

pre-test, post-test quasi-experimental design will be used to compare the differences 

between the assessment scores before and after intervention with the IM program. 
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Research Questions 
 

1. At what point in the IM short form assessment do significant predictors of 

percentage of change within the IM long form assessment arise?  

2. After completing a full regimen of the IM protocols, how do the initial long form 

assessment scores compare to the post-four-to-six-week control period long form 

assessment scores? 

3. Is there a correlation between change in scores on the full IM regimen and scores 

on the WJ III, the d2, the FSST, and the NHPT? 

4. At what point do individuals saturate their level of performance within the full IM 

protocol, and can the IM short form assessment be an indicator of where that 

saturation level exists? 

Limitations 
 

Possible limitations of this study included the following: participants were 

acquired through volunteering and convenience sampling and the study’s population was 

comprised of the aging population. Due to the participants being acquired through 

volunteering/convenience sampling/networking/snowballing, it was impossible to attain a 

truly random sample. Since the prospective participants were likely to come from similar 

backgrounds, communities, and history, the sample may be too heterogeneous to be 

considered generalizable to the diverse worldly population.  

Due to the fact that the study’s participants were comprised of the aging 

population, a possible limitation of this study could lie in participant drop out. Higher 

rates of participant drop out could have resulted due to aging adults losing interest in 

participating in the study or because of scheduling conflicts due to activities or doctor 
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appointments. For the same reasons, multiple missed IM sessions could also have been a 

limitation.   

Furthermore, since some of the participants were seen by the principle 

investigator, some were seen by an additional member of the occupational therapy 

department faculty, and some were seen by the two occupational therapy student 

researchers, some elements of consistency were challenged (i.e., the students did not have 

an equivalent level of experience with interaction with participants). Furthermore, some 

sessions needed to be modified to match the endurance and skill level of some 

participants. This affects consistency and was considered when statistical analysis was 

done. 

Future studies should seek to eliminate limitations in the following ways: in order 

to compensate for the limitations resulting from the volunteer/convenience sampling, 

further efforts to seek out a truly random sample could be instituted in future studies. This 

would provide more generalizable results. Retention of study participants could be 

improved by providing participation incentives. Measures could also be put in place to 

ensure more consistency between the participants’ treatment sessions. 

 



	 	 	 	 	

CHAPTER II 
 

Review of the Literature 

A review of the literature supports the need for this study focusing on how using 

the IM affects cognitive and motor skills of healthy, older adults. The following topics 

support the need for further research in this area: aging in place, cognitive plasticity and 

retention, executive functions, internal rhythms, the IM’s role in improving these 

functions, and the IM’s role and success with populations other than healthy, older adults. 

Aging in Place 

According to Mynatt et al. (2000), the United States is encountering a social 

problem in supporting the aging population, who collectively want to continue inhabiting 

independent homes instead of moving into institutional care settings, a concept otherwise 

known as aging in place. The researchers go on to list the ways in which older adults can 

demonstrate their ability to continue living independently: performance of ADLs, such as 

bathing, toileting, and eating; performance of IADLs, such as managing medications, 

maintaining the household, and preparing nutritionally-adequate meals; and the ability to 

adapt to changing environments. Furthermore, the researchers state, since nursing homes 

have been instituted to support those with physical disabilities, an emphasis has now been 

placed on also supporting those with cognitive deficits (Czaja, 1990; Lawton, 1990; 

Mynatt et al. 2000).  

 Borell (2006) credits occupational therapy as a viable option for guiding older 

adults in the quest to remain independent and age in place. She states that occupational 

therapists have a role in helping individuals remain in their homes, despite activity 

limitations and participation restrictions. Additionally, she supports the idea that an 
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individual’s environment – both physical and social – can contribute to and support 

continuity of functioning of these individuals (Borell, 2006). Bernard (2014) supports this 

idea, citing nutrition, transportation, city design, mobile care clinics, social networks, and 

family monitoring as opportunities for enhancing the possibilities of aging in place. This 

gives way to the idea that occupational therapists must take ownership of the 

responsibility to seek out resources both within the community environment, as well as 

technology and other such interventions, to aid older adults in the quest to retain 

independence.   

Cognitive Plasticity/Retention 

Classen et al. (1998) found that a reorganization of the neuronal network 

mediating thumb movements takes place with the simplest repetitive movement and it 

encodes, in the short term, certain kinematic aspects of the practiced action. They go on 

to state that their results suggest the motor cortex appears to undergo continuous plastic 

modifications and frequently repeated movements reinforce connectional patterns, but 

that, in the absence of practice, the skills wane (Butefisch, Hummelsheim, Denzler, & 

Mauritz, 1995; Classen et al., 1998). The brain’s ability to modify itself over time allows 

individuals a unique opportunity to take control over their mental capacities. If one wants 

to improve cognitive retention abilities, memory, or critical thinking and attention skills, 

it appears they need only practice, giving the brain the tools and time necessary to rebuild 

itself around the desired abilities. Similarly, computerized brain plasticity-based 

cognitive training has been found to have a positive effect on individuals with mild 

cognitive impairment, schizophrenia, and traumatic brain injury in regard to attention, 

memory, and information processing (Barnes et al., 2009; Fisher, Holland, Merzenich, & 
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Vinogradov, 2009; Fisher, Holland, Subramaniam, & Vinogradov, 2010; Keefe et al., 

2010; Lebowitz, Dams-O’Connor, & Cantor, 2012).  

Kluge and Frank (2014) found that decay of skill elements not used frequently 

during routine operations quickly occurs. Furthermore, the researchers concluded that a 

refresher intervention is effective in preparing individuals for non-routine tasks, but 

perhaps not so much for routine tasks, unless individuals continue the intervention 

without stopping. Jarus and Ratzon (2000), however, concluded mental practice in both 

childhood and old age held benefits, but that especially in old age, mental practice was 

beneficial for the retention process. There is support for the idea that repetitive practice of 

skills desired has the potential to produce those very skills and abilities individuals might 

be seeking in the quest to improve cognitive and motor function (Classen et al., 1998; 

Jarus & Ratzon, 2000). Thus, the prospect of cognitive plasticity and retention suggests 

that, even if an individual has experienced losses in these areas of the brain responsible 

for cognition, motor, and executive function, performance of repetitive activities and 

training could repair these areas of the brain, and thus, restore function. 

Executive Function and Internal Rhythms 

Allain et al. (2004) defined executive function as many different functions, such 

as inhibition, mental shifting, and abstract thinking, which require higher-level cognitive 

function to facilitate performance on both complex and everyday tasks. They also found 

changes in executive functions, due to aging, occur earlier and are more pronounced, 

noting the frontal area deteriorates earlier and more severely than other cerebral areas in 

healthy adult aging. The frontal lobe of the brain is responsible for executive functions 

such as planning, sequencing, organizing, and problem solving, as well as for personality 
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and behavioral regulation. Researchers also stated that many neuropsychological models 

proposed that decline of the frontal lobe is responsible for many age-related cognitive 

changes (Allain et al., 2004; Daigneault, Braun, & Whitaker, 1992; Tisserand & Jolles, 

2003). Levine et al., (1999) proposed that the fact that deficits in executive functions 

have a negative effect on individuals’ lives and require those working in rehabilitation to 

formulate creative, effective interventions is a broadly-accepted reality. They go on to say 

that disruption of these functions lead to everyday dysfunction, especially when the 

frontal lobe is involved.  

 Buhusi and Meck (2005) proposed that accurate temporal processing is required 

for individuals to reach goals as well as survive, and that an assortment of biological 

mechanisms is necessary to track time in multiple settings. Additionally, they state that 

activation of certain brain areas, such as the basal ganglia, the supplementary motor area 

(SMA), the prefrontal cortex (PFC), and the posterior parietal cortex (PPC) are controlled 

flexibly and cognitively by a seconds-to-minutes range timer. The SMA, the PFC, and the 

PPC are related to sequences of movements, planning of cognitive behavior (executive 

function), and production of planned movements, respectively. Thus, parts of the brain 

associated with motor and cognitive planning operate under a system of timing, an 

internal rhythm. In addition, Baudouin et al. (2005) found that with regard to memory, 

production is related to motor tempo, and reproduction is related to working memory 

measures. Furthermore, Janata and Grafton (2003) found connections between music and 

attention, indicating that sensory input supports attending rhythms in a dynamic systems 

framework and connected that this framework is used to model characteristics of other 

types of neural timing and mechanisms that underlie coordinated actions.  
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Interactive Metronome® 

The IM program is comprised of computer software, the IM station, wireless 

button triggers, a wireless tap mat trigger, USB cable, headphones, large hand glove, and 

small hand glove. There are three assessments to choose from when administering the IM 

protocol: the Short Form Assessment (SFA), the Long Form Assessment (LFA) and 

Attend Over Time.  

According to Interactive Metronome® (2015), the IM is an assessment and 

training tool backed by evidence that improves timing, rhythm, and synchronization in 

the brain. The three goals of the tool that the company lists include the following: (1) 

improve neural timing and decrease neural timing variability (jitter) that impacts speech, 

language, cognitive, motor, and academic performance; (2) build more efficient and 

synchronized connections between neural networks; and (3) increase the brain’s 

efficiency, performance, and ability to benefit more from other rehabilitation and 

academic interventions. Engaging in the IM system includes the participant hitting a 

trigger to correspond to an auditory beat elicited by the program and provides early 

cognitive engagement, repetitive practice, practice of specific functional motor skills, and 

feedback for millisecond timing to facilitate motor learning (Interactive Metronome 

2015). Interactive Metronome® (2015) states that it has been supported that the ability to 

tap consistently to an auditory beat is correlated to the following: consistency of auditory 

brainstem response to sound, ability to read, and phonological awareness; as well as less 

trouble synchronizing and thus, less neural jitter. 
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Interactive Metronome® Used on Other Populations 

Koomar et al. (2001) have noted benefits in the use of the IM in a clinical 

occupational therapy setting. They found it might be useful when used in concert with 

other occupational therapy interventions, such as sensory integration and cognitive 

rehabilitation training, in order to organize movement patterns through time and space. 

According to existing literature on the IM, this treatment modality has been used in the 

treatment of individuals with attention and motor disorders, stroke, and cerebral palsy 

(Bartscherer & Dole, 2005; Cosper, Lee, Peters, & Bishop, 2009; Johansson, Domellof, 

& Ronnqvist, 2012; Koomar et al., 2001; Rosenblum & Regev, 2013; Shaffer et al., 

2001).  

Several IM studies demonstrate positive effects when used with children with 

attention and coordination disorders in the areas of motor, cognition, and attention 

(Bartscherer & Dole, 2005; Rosenblum & Regev, 2013; Shaffer et al., 2001). Cosper, 

Lee, Peters, and Bishop (2009) called the IM a reasonably effective treatment for children 

with motor functioning deficits, and Shaffer et al. (2001) reported improved attention. 

Johansson, Domellof, and Ronnqvist (2012) noted improvements in spatio-temporal 

organization in two children with hemiplegic cerebral palsy when incorporating the IM 

into their treatment. Due to the positive results gleaned from IM studies with children 

with varying diagnoses, the idea of a host of similar benefits within the aging population 

seems possible.    

With regard to stroke, Hill et al. (2011) showed that using the IM with patients 

who had a stroke was feasible and improved both motor abilities and function. It was also 

noted that quality of life was improved through use of the IM, as measured and 
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demonstrated by scores on the Stroke Impact Scale; in all, their results support usage of 

the IM as a supplement to occupational therapy treatment that could maximize 

individuals’ potential to respond to rehabilitation (Hill et al., 2011).  

Summary 

Thus, connections between aging in place, cognitive plasticity and retention, 

executive functions, internal rhythms, the IM’s role in improving these functions, and the 

IM’s role and success with other populations support the need for further research on the 

IM’s impact on the cognitive and motor functions of healthy, older adults. Since it 

appears the motor cortex undergoes continuous plastic modifications, and that repetition 

is paramount in retaining those modifications (Classen et al., 1998; Kluge & Frank, 

2014), and because the IM is based off of repetitive exercises, it could follow that the IM 

may be closely tied with practice-induced plasticity of the brain. Additionally, upon 

ceasing the exercises, all progress may be lost. It is the aim of this study to examine that 

very aspect of IM training: whether or not LFA and SFA scores will be the same or 

different after a period of no training, and thus, examining if the positive effects of the IM 

are retained or lost if the IM intervention is not continued on a long-term basis. 

When considering the positive effects the IM has contributed to in regard to 

people with diagnoses such as attention and coordination disorders, cerebral palsy, and 

stroke, it would appear that research regarding IM’s effects on healthy, aging adults is 

currently needed. Perhaps if positive effects are noted on healthy, aging adults when 

using the IM as a treatment modality, the IM could be integrated into the occupational 

therapy regimens of healthy, aging adults in the future to improve quality of life, 

cognitive and motor function, and retention of skills. This could, in turn, aid in the effort 
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for older adults to age in place. Ultimately, the IM could foster benefits that support 

preventative health care for healthy, aging adults. For all of these reasons, this study is 

necessary and relevant.  

 



	 	 	 	 	

CHAPTER III 
 

Methodology 
 
Design 
 

This study will follow a pre-test, post-test, quasi-experimental design. The 

independent variable is the intervention with the IM as a treatment. The dependent 

variables include the participants’ scores on the Woodcock Johnson III (WJ III), the d2 

Test of Attention (d2), the Four Step Square Test (FSST), and the Nine Hole Peg Test 

(NHPT), and performance scores that are recorded within the IM software. The 

assessments will track the possible changes in the participants’ scores, which represent 

both the cognitive and motor categories. The study design is appropriate, in this instance, 

because the researchers will be measuring if participants’ scores on the cognitive and 

motor assessments remain the same, improve, or decline during and after the two 

treatment phases. In order to assess possible positive or negative changes, there will be a 

pre-test before they begin treatment, re-assessment after the initial 12-session treatment 

block has ended, before treatment starts up again after the 6-week rest period, and one 

final time after the second 6-session treatment block has ended.  

Participants 
 

A convenience sample, which was obtained through networking and snowballing, 

included 30 healthy, aging adults who are age 60 or older. The subjects were recruited 

through information sessions given by the principle investigator; the distribution of 

educational materials; and word-of-mouth spreading through other participants who have 

already been recruited (snowballing). The inclusion criteria are (1) age 60 and older; (2) 

ability to read and understand English; and (3) demonstrates intact visual and auditory 
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abilities (determined through participant report and clinical observation). The exclusion 

criteria are (1) diagnosed with a cognitive disability (e.g., dementia, Alzheimer’s, late-

stage Parkinson’s); (2) diagnosed with a motor disability (e.g. Parkinson’s, Huntington’s, 

Cerebral Palsy, missing limbs, paralysis of upper or lower extremities); (3) traumatic 

brain injury; (4) diagnosed with testing disabilities (i.e., testing or assessment anxiety, 

dyslexia).  

Instrumentation  
 

Both the WJ III and the d2 have been chosen as a means to assess the participants’ 

cognitive abilities. Both the FSST and the NHPT have been chosen as a means to assess 

the participants’ motor abilities. The four assessments have been chosen so that 

participants could be tested at the beginning of the study period (pre-treatment with the 

IM), after IM treatment, after the 6-week break period, and after the second 6-week round 

of treatment sessions.  

The Woodcock-Johnson III Tests of Cognitive Abilities (WJ III COG) and the 

Woodcock-Johnson III Diagnostic Supplement to the Tests of Cognitive Abilities (DS) 

include 31 tests for measuring general intellectual ability, broad and narrow cognitive 

abilities, and aspects of executive functioning. The COG includes 20 tests, and the DS 

includes 11 tests (Schrank & Wendling, 2009). The Woodcock-Johnson III Tests of 

Achievement (WJ III ACH) includes 22 tests for measuring skills in reading, 

mathematics, and writing, as well as important oral language abilities and academic 

knowledge (Wendling, Schrank, & Schmitt, 2007).  Participants will be given the 

following tests within the WJ III COG/DS: Visual Matching (Test 6) and Decision Speed 

(Test 16) (See Appendix C). Participants will be given the following tests within the WJ 
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III ACH: Reading Fluency (Test 2), and Math Fluency (Test 6) (See Appendix D). The 

Visual Matching test assesses speeded visual perception and matching. The Decision 

Speed test assesses the following cognitive processes: object recognition and speeded 

symbolic/semantic comparisons (Schrank & Wendling, 2009). The Reading Fluency test 

assesses the following cognitive processes: speeded (automatic) semantic decision 

making requiring reading ability and generic knowledge. The Math Fluency test assesses 

the following cognitive processes: speeded (automatic) access to and application of digit-

symbol arithmetic procedures (verbal associations between numbers represented as 

strings of words) (Wendling et al., 2007). 

The WJ III has been standardized on over 8,000 participants, from the ages of 2 to 

over 80 (Hale & Fiorello, 2004). This assessment is often used to assess school children 

in order to ensure they are on track for their age group and school grade. Since the WJ III 

assesses cognitive function, it is a valid form of measure for this study, as one of the aims 

is to assess cognitive retention and if that retention is increased in those participants who 

are treated with the IM. In terms of reliability, Hale and Fiorello (2004) found that the 

General Intellectual Ability (GIA) score had a median reliability score of .97 across all 

ages.  

The d2 is a test that requires participants to use attention and concentration to 

discriminate and cancel certain images (Bates & Lemay, 2003). According to Zillmer 

(2008), the d2 consists of the following: the letters d and p, with one to four dashes that 

are arranged either individually or in pairs above or below the letter. The participant 

scans each line of characters and identifies and crosses out each d with two dashes. The 
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test consists of 14 lines, each with 47 characters, for a total of 658 items. The subject is 

allowed 20 seconds per line (Zillmer, 2008). 

The d2 has been found to have internal consistency as a valid tool to measure 

accuracy of visual scanning and speed. An excellent internal consistency was found 

within the subscales, with coefficients within the typical range of .80 to .95. Construct 

validity was supported for the test, and “results of the factor analysis also suggested the 

discriminant validity of d2 performance measures relative to intelligence, abstraction 

abilities, and immediate memory.” Thus, the d2 is supported as being internally 

consistent and valid, and it possesses potential utility as an assessment of attention in the 

United States (Bates & Lemay, 2002).  

The FSST (See Appendix E) requires subjects to rapidly change direction while 

stepping forward, backward, and sideways, over a low obstacle, while time to complete 

the test is measured. Test equipment includes a stopwatch and 4 canes (Dite & Temple, 

2002). According to the Rehabilitation Measures Database (2014), it tests dynamic 

balance and assesses a participant’s ability to step over objects forward, sideways, and 

backwards. The test is also used to assess ADLs, vestibular balance, and non-vestibular 

balance. 

The FSST was found to have high interrater reliability, with n = 30 and an 

intraclass correlation coefficient (ICC) of .99; high retest reliability, with n = 20 and ICC 

= .98. In addition, validity was supported because the FSST showed significantly better 

performance scores (p<.01) for each of the healthier and less impaired groups; a 

sensitivity of 85%, a specificity of 88% to 100%, and a positive predictive value of 86% 

were found (Dite & Temple, 2002). 
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The NHPT is an assessment commonly used by occupational therapists to quickly 

assess finger dexterity (Grice et al., 2003). According to the Rehabilitation Measures 

Database (2014), the NHPT is administered by carrying out the following steps and 

standards: (1) the client is asked to take the pegs from a container, one by one, and place 

them into the holes on the board, as quickly as possible; (2) participants must then 

remove the pegs from the holes, one by one, and replace them back into the container; (3) 

the board should be placed at the client’s midline, with the container holding the pegs 

oriented toward the hand being tested; (4) only the hand being evaluated should perform 

the test; (5) the hand not being evaluated is permitted to hold the edge of the board in 

order to provide stability; (6) scores are based on the time taken to complete the test 

activity, recorded in seconds; (7) alternate scoring occurs when the number of pegs 

placed in 50 or 100 seconds can be recorded. In this case, the results are expressed as the 

number of pegs placed per second; and (8) stopwatch should be started from the moment 

the participant touches the first peg until the moment the last peg hits the container. 

The NHPT was found to have a high interrater reliability, right r = 0.984 and left r 

= 0.993. The test-retest reliability “showed a moderate correlation in the scores of the 

subjects, which demonstrates poor reliability” (Grice et al., 2003).  

These assessments were conducted in a quiet, secluded area free from 

distractions. In some cases, the assessments were conducted in the participant’s homes, 

and in other cases, the assessments were conducted at the participants’ respective assisted 

living facilities or community centers. Only one researcher (the principle investigator) 

was present when the assessments are administered.  
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 The IM is a computer-based technology that uses rhythm-training exercises in the 

effort to promote motor and cognitive functioning (See Appendix F). Tools used include 

the following: Master Control Unit, Installation CD-ROM, Hand Gloves, Junction Box 

and Cable, Serial Cable, USB Cable, Foot and Hand Triggers, and Headphones. The 

Master Control Unit provides sounds and records the repetitions (Beckelhimer, Dalton, 

Richter, Hermann, & Page, 2011). The SFA of the IM is given at the beginning of each 

regular training session in order to establish a baseline; it is given at the start and end of 

each session to measure progress within the treatment periods. The SFA consists of two 

separate performances of the clapping exercise, during which the participant wears a 

trigger on their dominant hand and claps to engage the trigger, while attempting to match 

their clap with the auditory cue from the program. Comparison of task average, 

variability average, and super right on percentage can be calculated between different test 

dates. The task average is the comparison of the participant’s trigger hits to the reference 

tone, or how many milliseconds they may be off the beat. The variability average is the 

comparison of one trigger hit to the next trigger hit, or within how many milliseconds the 

participants varies from one hit to the next. The super right on percentage is the 

percentage of time the participant hits the trigger in sync with the reference tone. The 

goal is for scores to progress downward on the graphs to indicate that task averages are 

decreasing (Interactive Metronome, 2015).  

The LFA of the IM is given at each of the four points of measure of this study. It 

consists of 14 tasks, including the clapping task described above, as well as a variety of 

other tasks, such as hitting a trigger on the wireless tap mat in various combinations, as 

well as tapping the wireless tap mat with the feet. The LFA serves to show participants’ 
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performance progression as they move through their IM sessions (Interactive Metronome, 

2015).  

Procedure 
 

To begin, IRB approval was attained for the research protocol. Next, the two 

occupational therapy student researchers were trained and certified in IM protocols and 

procedures by attending a certification course; additionally, they practiced to the point of 

confidence.  

In order to attain research subjects, participants were recruited through the following 

measures: an information session given by the principle investigator and the distribution 

of educational materials (i.e., flyers – See Appendix G) at Cypress Glen, a continued care 

retirement center in Greenville, North Carolina; and word-of-mouth spreading through 

other participants who had already been recruited (snowballing).  

After recruitment, interested participants were checked for eligibility against the 

inclusion and exclusion criteria. Any interested participants who did not meet the 

inclusion criteria, or met the exclusion criteria, were not accepted into the study. Those 

participants deemed eligible through the inclusion and exclusion criteria were assigned to 

the study group, and informed consent was obtained from each participant. All 30 of the 

participants were given the LFA, the WJ III, the d2, the FSST, and the NHPT, which 

provided the initial point of measure (T1).  

After the pre-test assessments were completed, the participants began IM treatment. 

The first treatment period included 12 sessions completed over a period of six weeks. 

Sessions included the SFA and the regular training protocol, as determined by the 

principle investigator. Participants were able to reschedule 2 of their IM sessions within 
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the 12-week period. If the total time necessary to complete the sessions exceeded eight 

weeks, participants’ data were withdrawn from consideration in the analysis to preserve 

consistency of treatment periods. In addition, since the participants of this study involved 

the aging population, participant dropout was expected, due to sessions conflicting with 

doctor appointments or other prior engagements. Participant dropout was considered 

when the statistical analysis was performed.  

Treatment program protocols were developed by the principle investigator prior to the 

start of the first IM treatment sessions, which determined the specific IM activities 

carried out in each session. Activity duration, number of repetitions, and selection of 

exercises varied from session to session, but all participants followed the same 

progression of session content (See Appendix H). This served to ensure consistency 

among the sessions with the different participants. In another effort to promote 

consistency, the two occupational therapy student researchers conducted IM sessions 

with their participants together. The principle investigator, as well as an additional 

occupational therapy faculty member, separately conducted IM treatment sessions with 

other qualified participants.   

After the first treatment period ended, the participants underwent the post-test re-

assessment, which served as the second point of measure (T2). In the re-assessment 

period, the participants were again given the LFA, the WJ III, the d2, the FSST, and the 

NHPT. The principle investigator conducted the assessments independently.  

After a 6-week rest period, the participants were given a follow-up round of the same 

four assessments and the LFA, which served as the third point of measure (T3). The 

participants then embarked on a second round of IM treatment sessions, six total over a 
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three-week period. Participants could reschedule two of their IM sessions within the 

three-week period. If the total time necessary to complete the sessions exceeded four 

weeks, their data were withdrawn from consideration in the analysis in an effort to 

preserve consistency.  

After the second round of IM treatment sessions, the participants underwent the same 

four post-test assessments and the LFA for the fourth and final time, providing the fourth 

point of measure (T4). After the data from all four points of measure had been collected, 

it was then analyzed to see if any significant differences are noted between T1-T4.   

Analysis of data collected through the IM software was conducted through a review 

of the tables, charts, and graphs generated. Comparison of performance on both the SFA 

and LFA across the four different points of measure, as well as during the two different 

treatment blocks, were conducted for all participants. These data were used to visually 

analyze differences in performance of the participants.  

Data Analysis 
 

This study used parametric statistics, as the data is at the ratio level, since a score 

of zero was possible on the assessments. Inferential statistics were used, with the 

confidence p level being set at .05 and .001. This way, the researchers could be 95% sure 

that the independent variable had an effect on the dependent variable if indicated by the 

data. Raw scores were recorded in a Microsoft Excel Spreadsheet for the following 

components: LFA Task 1 and Task 14; SFA for Treatment Period 1; SFA for Treatment 

Period 2; and d2, FSST, NHPT and WJ III across the four different points of measure. 

Percentage of change was calculated across the four different points of measure, and 
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paired t tests were calculated for each assessment at each point of measure as well. 

Through these varying forms of analysis, effects of the IM were determined.  

Tables and other figures depicting the individual participants’ performance on 

both the SFA and the LFA were generated through Microsoft Excel. These graphs were 

analyzed for the emergence of patterns, such as the following: the point in the SFA at 

which significant predictors of percentage of change arose; how initial LFA scores 

compared to post-six-week-break-period scores; the possible correlation between 

improvement in scores on the full IM regimen and scores in the four assessments; and at 

what point individuals saturated their level of performance within the full IM protocols, 

and if the SFA can be an indicator of where that saturation level occurs.  



	 	 	 	 	

CHAPTER IV 
 

Analysis of Data 
 

Data were analyzed for the following study components: SFA in the first 

treatment period for sessions 1-12 (Table 1 Short Form Assessment); SFA in the second 

treatment period (Sessions 1-6); SFA Percentage of Change First Treatment Period; SFA 

Percentage of Change Second Treatment Period; LFA Task 1 (for points of measure T1-

T4); LFA Task 14 (T1-T4); LFA Percentage of Change Task 1 (T1-T4); LFA Percentage 

of Change Task 14 (T1-T4); d2 Percentage of Change (T1-T4); and NHPT Percentage of 

Change (T1-T4). Thirteen total participants completed the protocol for these points of 

measure. The SFA was administered throughout the two treatment periods, and the LFA, 

d2, and NHPT were administered at the T1, T2, T3, and T4 points of measure.  

Neither the WJ III nor the FSST was included in the data analysis. Use of the WJ 

III assessments was a request by the funding body of this research; however, this set of 

cognitive assessments is not sensitive enough to show variance within the healthy, older 

adult population. As such, most of the participants scored in the 99th percentile, and their 

scores remained the same. The funding body has used these instruments in studies with 

children and individuals with traumatic brain injury, in whom changes may be detected 

by the WJ-III. The FSST was omitted for similar reasons; namely, this research study 

followed participants already competent in balance. Thus, at their level of function, the 

test was not sensitive enough to detect any significant changes.  
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IM Short Form Assessment 
 
Table 1 
Short Form Assessment Results First Treatment Period 
P S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 
1 65 62 85 80 43 42 38 46 44 30 25 23 
2 120 85 190 65 52 39 35 45 32 28 25 21 
3 36 84 88 62 45 40 38 42 28 32 25 19 
4 195 65 235 55 40 42 38 30 35 26 21 18 
5 160 58 58 70 50 50 40 30 38 41 40 48 
6 66 78 87 43 56 55 55 50 45 41 48 40 
7 60 142 40 60 70 45 41 32 28 30 31 28 
8 50 22 19 26 26 22 22 21 16 18 20 15 
9 160 50 40 110 60 58 40 32 33 29 28 25 
10 68 43 82 44 36 55 40 35 28 34 25 30 
11 40 25 70 71 40 30 26 26 30 28 19 22 
12 40 25 70 71 40 30 26 26 30 28 19 22 
13 50 22 19 26 26 22 22 21 16 18 20 15 
Notes. The P column indicates the participant number. The S columns indicate the 
session numbers. 
 

The scores in Table 1 Short Form Assessment Results First Treatment Period 

represent the task average for each of the 13 participants throughout the first treatment 

period, or the first 12 sessions, on the SFA. Task average numbers represent the 

comparison of the participant’s trigger hits to the reference tone, indicating how many 

milliseconds the participant is off. Thus, the lower the task average, the better the 

participant’s performance.  
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Figure 1. Short form assessment results first treatment period. 

As depicted in Figure 1 Short Form Assessment Results First Treatment Period, a 

general trend emerged for the participants as they moved through the 12 sessions in the 

first treatment period. Task average scores generally started out higher and declined as 

the participants moved through the subsequent sessions, indicating an overall increase in 

performance across the sessions. As indicated by the bar graph clusters representing each 

participant, although there was variability of scoring between the different participants, 

they followed the same trend and decreased over time, indicating an overall improvement 

in performance over time.  
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Table 2 
Short Form Assessment Results Second Treatment Period  
P S1 S2 S3 S4 S5 S6 
1 42 30 25 23 43 42 
2 75 128 62 61 40 51 
3 25 28 27 18 21 24 
4 55 30 28 25 20 21 
5 50 30 22 40 30 25 
6 46 56 87 43 56 55 
7 45 38 25 32 28 24 
8 25 28 27 18 21 24 
9 80 95 45 35 30 33 
10 25 28 27 18 21 24 
11 40 20 38 32 23 25 
12 40 20 38 32 23 25 
13 25 28 27 18 21 24 
Notes. The P column indicates the participant number. The S columns indicate the 
session numbers. 
 

The scores in Table 2 Short Form Assessment Results Second Treatment Period 

represent the task average for each of the 13 participants throughout the second treatment 

period, or the six sessions following the break period, on the SFA. Task average numbers 

represent the comparison of the participant’s trigger hits to the reference tone, indicating 

how many milliseconds the participant is off. Thus, the lower the task average, the better 

the participant’s performance. 
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Figure 2. Short form assessment results second treatment period.	

Figure 2 Short Form Assessment Results Second Treatment Period depicts the 

trend of task average scores among participants in sessions one through six of the second 

treatment period, which occurred after the break period. Generally, the scores follow a 

similar trend to the first treatment period, with the scores starting out higher and 

declining over time, indicating an overall improvement in performance.  

 
Table 3 
Short Form Assessment Percentage of Change First Treatment Period 
P S1-2 S1-3 S1-4 S1-5 S1-6 S1-7 S1-8 S1-9 S1-10 S1-11 S1-12 
1 4.62 -30.77 -23.08 33.85 35.38 41.54 29.23 32.31 53.85 61.54 64.62 
2 29.17 -58.33 45.83 56.67 67.50 70.83 62.50 73.33 76.67 79.17 82.50 
3 -133.33 -144.44 -72.22 -25.00 -11.11 -5.56 -16.67 22.22 11.11 30.56 47.22 
4 66.67 -20.51 71.79 79.49 78.46 80.51 84.62 82.05 86.67 89.23 90.77 
5 63.75 63.75 56.25 68.75 68.75 75.00 81.25 76.25 74.38 75.00 70.00 
6 -18.18 -31.82 34.85 15.15 16.67 16.67 24.24 31.82 37.88 27.27 39.39 
7 -136.67 33.33 0.00 -16.67 25.00 31.67 46.67 53.33 50.00 48.33 53.33 
8 56.00 62.00 48.00 48.00 56.00 56.00 58.00 68.00 64.00 60.00 70.00 
9 68.75 75.00 31.25 62.50 63.75 75.00 80.00 79.38 81.88 82.50 84.38 
10 36.76 -20.59 35.29 47.06 19.12 41.18 48.53 58.82 50.00 63.24 55.88 
11 37.50 -75.00 -77.50 0.00 25.00 35.00 35.00 25.00 30.00 52.50 45.00 
12 37.50 -75.00 -77.50 0.00 25.00 35.00 35.00 25.00 30.00 52.50 45.00 
13 56.00 62.00 48.00 48.00 56.00 56.00 58.00 68.00 64.00 60.00 70.00 
Avg. 12.96 -12.34 9.31 32.14 40.42 46.83 46.83 53.50 54.65 60.14 62.93 
Notes. The P column indicates the participant number. The S columns indicate the session numbers. All numbers in the 
table are percentages.  
 

Table 3 Short Form Assessment Percentage of Change First Treatment Period 

includes the percentage of change between session one and each subsequent session in 

treatment period one, including the average percentage of change between session one 
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and each subsequent session in treatment period one. A decrease in task average between 

two sessions indicates an improvement in performance; additionally, a decrease in task 

average scores corresponds to a positive percentage of change and an increase in 

performance. 

 

	
Figure 3. Short form assessment average percentage of change first treatment period. 

 
As indicated in Figure 3 Short Form Assessment Average Percentage of Change 

First Treatment Period, the average percentage of change between session one and the 11 

subsequent sessions increased after a dip at the second session. This indicates an increase 

in average percentage of change over time, and thus, an improvement in performance 

over time.    
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Table 4 
Short Form Assessment Percentage of Change Second Treatment Period 
P S1-2 S1-3 S1-4 S1-5 S1-6 
1 28.57 40.48 45.24 -2.38 0.00 
2 -70.67 17.33 18.67 46.67 32.00 
3 -12.00 -8.00 28.00 16.00 4.00 
4 45.45 49.09 54.55 63.64 61.82 
5 40.00 56.00 20.00 40.00 50.00 
6 -21.74 -89.13 6.52 -21.74 -19.57 
7 15.56 44.44 28.89 37.78 46.67 
8 -12.00 -8.00 28.00 16.00 4.00 
9 -18.75 43.75 56.25 62.50 58.75 
10 -12.00 -8.00 28.00 16.00 4.00 
11 50.00 5.00 20.00 42.50 37.50 
12 50.00 5.00 20.00 42.50 37.50 
13 -12.00 -8.00 28.00 16.00 4.00 
Avg. 5.42 10.77 29.39 28.88 24.67 
Notes. The P column indicates the participant number. The S columns indicate the 
session numbers. All numbers in the table are percentages. 
 

Table 4 Short Form Assessment Percentage of Change Second Treatment Period 

includes the percentage of change between session one and each subsequent session in 

treatment period two, including the average percentage of change between session one 

and each subsequent session in treatment period two. A decrease in task average between 

two sessions indicates an improvement in performance; additionally, a decrease in task 

average scores corresponds to a positive percentage of change and an increase in 

performance. 
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Figure 4. Short form assessment average percentage of change second treatment period. 

As indicated in Figure 4 Short Form Assessment Average Percentage of Change 

Second Treatment Period, the average percentage of change between session one and 

session three steadily increased, with a plateau period and small decrease between session 

three and session four, and a steady decrease between session four and session five. 

Overall, there is an increase in average percentage of change over time, and thus, an 

improvement in performance over time; however, the plateau and dip in performance 

indicated between session three and session five may indicate a saturation point.  
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IM Long Form Assessment 
 
Table 5 
Long Form Assessment Results Task 1 
P T1 T2 T3 T4 
1 41 26 36 21 
2 62 37 75 21 
3 40 22 26 18 
4 229 21 30 26 
5 51 28 33 29 
6 37 48 35 33 
7 174 21 67 20 
8 19 17 62 37 
9 37 35 37 38 
10 67 18 26 21 
11 92 25 26 21 
12 229 21 19 17 
13 67 20 25 18 
Notes. The P column indicates the participant number. The T columns indicate the four 
points of measure.  
 
Table 6 
Long Form Assessment Results Task 14 
P T1 T2 T3 T4 
1 219 26 42 18 
2 84 58 68 19 
3 32 28 21 19 
4 175 18 38 35 
5 213 22 33 25 
6 64 44 44 31 
7 166 28 54 12 
8 51 14 84 58 
9 58 31 35 34 
10 76 19 26 19 
11 65 27 26 19 
12 175 18 51 14 
13 54 12 32 21 
Notes. The P column indicates the participant number. The T columns indicate the four 
points of measure. 
 

The scores in Table 5 Long Form Assessment Results Task 1 and Table 6 Long 

Form Assessment Results Task 14 represent the task average for each of the 13 

participants throughout the four points of measure (T1-T4) on two different tasks within 
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the LFA. Task 1 includes clapping with the trigger attached to the dominant hand; task 14 

includes clapping with the addition of the guide sounds. Task average numbers represent 

the comparison of the participant’s trigger hits to the reference tone, indicating how many 

milliseconds the participant is off. Thus, the lower the task average, the better the 

participant’s performance.  

Figure 5. Long form assessment results task 1.	

Figure 6. Long form assessment results task 14.	

Figure 5 Long Form Assessment Results Task 1 and Figure 6 Long Form 

Assessment Results Task 14 represent the trends of task average scores among the 
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participants across the four points of measure (T1-T4). T1 represents the pre-test period; 

T2 represents the post-test period, which occurred after the 12 sessions in the first 

treatment period; T3 represents the pre-test period after the six-week break; and T4 

represents the post-test period, which occurred at the end of the second treatment period. 

In general, task averages in T1 were higher for Task 14 than Task 1, indicating 

participants’ dislike of the guide sounds, which many described as distracting. The scores 

for T3 in both Task 1 and Task 14 were generally higher, indicating a decrease in 

performance on the IM after the six-week break; this follows an expected clinical 

outcome given the break from IM treatment. At T4, the scores generally drop back off, 

indicating an increase in performance after another six sessions of treatment with the IM.  

Table 7 
Long Form Assessment Percentage of Change Task 1 
P T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4 
1 36.59 12.20 48.78 -38.46 19.23 41.67 
2 40.32 -20.97 66.13 -102.70 43.24 72.00 
3 45.00 35.00 55.00 -18.18 18.18 30.77 
4 90.83 86.90 88.65 -42.86 -23.81 13.33 
5 45.10 35.29 43.14 -17.86 -3.57 12.12 
6 -29.73 5.41 10.81 27.08 31.25 5.71 
7 87.93 61.49 88.51 -219.05 4.76 70.15 
8 10.53 -226.32 -94.74 -264.71 -117.65 40.32 
9 5.41 0.00 -2.70 -5.71 -8.57 -2.70 
10 73.13 61.19 68.66 -44.44 -16.67 19.23 
11 72.83 71.74 77.17 -4.00 16.00 19.23 
12 90.83 91.70 92.58 9.52 19.05 10.53 
13 70.15 62.69 73.13 -25.00 10.00 28.00 
Avg. 49.15 21.26 47.32 -57.41 -0.66 27.72 
Notes. The P column indicates the participant number. The T columns indicate the four 
points of measure. All numbers in the table are percentages.  
 

Table 7 Long Form Assessment Percentage of Change Task 1 includes the 

percentage of change between T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, and T3-T4 on the 

IM LFA Task 1. The average percentage of change between the same combinations of 
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points of measure is also included. A decrease in task average between two sessions 

indicates an improvement in performance; additionally, a decrease in task average scores 

corresponds to a positive percentage of change and an increase in performance. 

	
Figure 7. Long form assessment average percentage of change task 1. 

 
As indicated in Figure 7 Long Form Assessment Average Percentage of Change 

Task 1, the average percentage of change is greatest between T1 and T2, decreases 

between T1 and T3, increases between T1 and T4, dips quite low between T2 and T3, 

and increases both between T2 and T4 and T3 and T4. This indicates that on average, 

participants increased performance from the initial pre-test and the post-test after the first 

12 sessions of treatment; from the initial pre-test and the post-test at the end of the IM 

protocol; from the post-test after the first 12 sessions of treatment and the post-test at the 

end of the IM protocol; and from the pre-test after the six-week break and the post-test at 

the end of the IM protocol. The participants’ performance decreased between the initial 

pre-test and the pre-test after the six-week break and from the post-test after the initial 12 

sessions and the pre-test after the six-week break. This loss of performance is an 

anticipated change in most clinical deliveries of service. Just as it has been found that in 



	 37	

order to reap the benefits from an exercise program, an individual must keep exercising 

or benefits will be lost (Bloomfield & Coyle, 1993; Clark & White, 2009; Hall & Brody, 

2005), the IM system seems to follow the same trend with its cognitive and motor 

benefits. The participants would benefit from continued IM system use in order to 

maintain any cognitive and motor benefits gained through its use.  

Table 8 
Long Form Assessment Percentage of Change Task 14 
P T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4 
1 88.13 80.82 91.78 -61.54 30.77 57.14 
2 30.95 19.05 77.38 -17.24 67.24 72.06 
3 12.50 34.38 40.63 25.00 32.14 9.52 
4 89.71 78.29 80.00 -111.11 -94.44 7.89 
5 89.67 84.51 88.26 -50.00 -13.64 24.24 
6 31.25 31.25 51.56 0.00 29.55 29.55 
7 83.13 67.47 92.77 -92.86 57.14 77.78 
8 72.55 -64.71 -13.73 -500.00 -314.29 30.95 
9 46.55 39.66 41.38 -12.90 -9.68 2.86 
10 75.00 65.79 75.00 -36.84 0.00 26.92 
11 58.46 60.00 70.77 3.70 29.63 26.92 
12 89.71 70.86 92.00 -183.33 22.22 72.55 
13 77.78 40.74 61.11 -166.67 -75.00 34.38 
Avg. 65.03 46.78 65.30 -92.60 -18.33 36.37 
Notes. The P column indicates the participant number. The T columns indicate the four 
points of measure. All numbers in the table are percentages. 
 

Table 8 Long Form Assessment Percentage of Change Task 14 includes the 

percentage of change between T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, and T3-T4 on the 

IM LFA Task 14. The average percentage of change between the same combinations of 

points of measure is also included. A decrease in task average between two sessions 

indicates an improvement in performance; additionally, a decrease in task average scores 

corresponds to a positive percentage of change and an increase in performance. 
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Figure 8. Long form assessment percentage of change task 14. 

The average percentage of change between the same combinations of points of 

measure is also included in Figure 8 Long Form Assessment Average Percentage of 

Change Task 14. A decrease in task average between two sessions indicates an 

improvement in performance; additionally, a decrease in task average scores corresponds 

to a positive percentage of change and an increase in performance. The average 

percentage of change in Task 14 follows the same pattern as the average percentage of 

change in Task 1, supporting the researchers’ prediction of a decrease in performance 

after the six-week break.   

d2 Test of Attention 
 

The d2 is a test that requires participants to use attention and concentration to 

discriminate and cancel certain images (Bates & Lemay, 2003). The d2 consists of the 

following: the letters d and p, with one to four dashes that are arranged either individually 

or in pairs above or below the letter. The participant scans each line of characters and 

identifies and crosses out each d with two dashes. The test consists of 14 lines, each with 
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47 characters, for a total of 658 items. The subject is allowed 20 seconds per line 

(Zillmer, 2008). 

Table 9 
d2 Test of Attention Percentage of Change 
P T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4 
1 20.90 17.16 67.91 -3.09 38.89 43.31 
2 -5.93 -2.54 5.93 3.60 12.61 8.70 
3 18.42 13.16 34.21 -4.44 13.33 18.60 
4 18.24 11.49 27.03 -5.71 7.43 13.94 
5 14.17 3.94 23.62 -8.97 8.28 18.94 
6 19.19 16.86 31.98 -1.95 10.73 12.94 
7 19.51 15.85 32.93 -3.06 11.22 14.74 
8 9.77 4.51 31.58 -4.79 19.86 25.90 
9 17.12 11.71 37.84 -4.62 17.69 23.39 
10 20.13 11.69 30.52 -7.03 8.65 16.86 
11 15.10 11.98 18.23 -2.71 2.71 5.58 
12 20.00 13.94 33.33 -5.05 11.11 17.02 
13 10.83 12.50 32.50 1.50 19.55 17.78 
Avg. 15.19 10.94 31.35 -3.56 14.01 18.28 
Notes. The P column indicates the participant number. The T columns indicate the four 
points of measure. All numbers in the table are percentages. 
 

Table 9 d2 Test of Attention Percentage of Change includes the percentage of 

change between T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, and T3-T4 for the d2 Test of 

Attention. Raw scores measured outcomes and were used in this analysis. The rationale 

behind using raw score measures is that the participants percentile scores on the d2 were 

in the 98-100th percentile ranges and did not indicate progression of change, whereas the 

raw scores allowed for change to be measured. The average percentage of change 

between the same combinations of points of measure is also included. An increase in 

scores between two sessions indicates an improvement in performance; additionally, an 

increase in scores corresponds to a positive percentage of change and an increase in 

performance.  
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Figure 9. d2 Test of Attention average percentage of change. 

Thus, since Figure 9 d2 Test of Attention Average Percentage of Change mirrors 

the pattern in both Figure 7 Long Form Assessment Average Percentage of Change Task 

1 and Figure 8 Long Form Assessment Average Percentage of Change Task 14, the 

average percentage of change throughout the compared points of measure follows a 

similar trend.  

Nine Hole Peg Test 
 

The NHPT is administered by carrying out the following steps and standards: (1) 

the client is asked to take the pegs from a container, one by one, and place them into the 

holes on the board, as quickly as possible; (2) participants must then remove the pegs 

from the holes, one by one, and replace them back into the container; (3) the board should 

be placed at the client’s midline, with the container holding the pegs oriented towards the 

hand being tested; (4) only the hand being evaluated should perform the test; (5) the hand 

not being evaluated is permitted to hold the edge of the board in order to provide 

stability; (6) scores are based on the time taken to complete the test activity, recorded in 

seconds; (7) alternate scoring occurs when the number of pegs placed in 50 or 100 
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seconds can be recorded. In this case, the results are expressed as the number of pegs 

placed per second; and (8) stopwatch should be started from the moment the participant 

touches the first peg until the moment the last peg hits the container (Rehabilitation 

Measures Database, 2014). 

Table 10 
Nine Hole Peg Test Percentage of Change 
P T1-T2 T1-T3 T1-T4 T2-T3 T2-T4 T3-T4 
1 0.00 -4.76 4.76 -4.76 4.76 9.09 
2 4.76 4.76 4.76 0.00 0.00 0.00 
3 7.69 15.38 7.69 8.33 0.00 -9.09 
4 4.17 8.33 12.50 4.35 8.70 4.55 
5 4.35 8.70 21.74 4.55 18.18 14.29 
6 14.71 11.76 17.65 -3.45 3.45 6.67 
7 7.69 23.08 26.92 16.67 20.83 5.00 
8 25.00 0.00 8.33 -33.33 -22.22 8.33 
9 8.33 -4.17 4.17 -13.64 -4.55 8.00 
10 17.24 13.79 24.14 -4.17 8.33 12.00 
11 0.00 0.00 5.00 0.00 5.00 5.00 
12 25.00 0.00 8.33 -33.33 -22.22 8.33 
13 0.00 0.00 5.00 0.00 5.00 5.00 
Avg.  9.15 5.91 11.62 -4.52 1.94 5.94 
Notes. The P column indicates the participant number. The T columns indicate the four 
points of measure. All numbers in the table are percentages. 
 

Table 10 Nine Hole Peg Test Percentage of Change includes the percentage of 

change between T1-T2, T1-T3, T1-T4, T2-T3, T2-T4, and T3-T4 for the NHPT. The 

average percentage of change between the same combinations of points of measure is 

also included. A decrease in scores between two sessions indicates an improvement in 

performance; additionally, a decrease in scores corresponds to a positive percentage of 

change and an increase in performance. 
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Figure 10. Nine Hole Peg Test average percentage of change. 

Figure 10 Nine Hole Peg Test Average Percentage of Change depicts a similar 

pattern to that shown in both Figure 7 Long Form Assessment Average Percentage of 

Change Task 1 and Figure 8 Long Form Assessment Average Percentage of Change Task 

14. Thus, the average percentage of change throughout the compared points of measure 

follows a similar trend for performance on the NHPT, as it did in the d2. 

Significance of IM Short Form Assessment

Figure 11. Significance of change in scores for short form assessment.  
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Figure 11 Significance of Change in Scores for Short Form Assessment depicts 

the significance of change in scores for the SFA throughout all 18 sessions. These results 

were analyzed using a repeated measures t-test, with the significance level set at .001. 

Significance indicates that the relationship between the variables is due to something 

other than random chance. The trend includes a dip in significance of change between 

sessions one and two, followed by a steep incline of significance of change between 

sessions two and three. A steady decline continues until the time between sessions 11 and 

12, mirroring the decline in performance seen after the six-week break period in the LFA 

graphs, as well as the d2 and NHPT graphs. Significance again increases between 

treatment sessions 13 and 14, and the change in scores remains significant for the 

remainder of the sessions.  



	 	 	 	 	

CHAPTER V 

Conclusions & Recommendations 
 
Summary 
 
 This was a pre-test, post-test, quasi-experimental study to examine the treatment 

of the IM on healthy, older adults in southeastern North Carolina. Thirteen participants 

successfully completed a total of 18 SFAs, four LFAs, four d2s, and four NHPTs. A 

discussion of the results follows. 

Results 
 
 Performance on the SFA demonstrated significance of change in scores for the 

majority of the treatment sessions. Results were insignificant at times that correspond to 

the beginning of the IM protocol, as well as the point of measure after the six-week break 

in treatment. General trends on the SFA data indicated a decrease in task averages over 

time, or an increase in performance, supporting that treatment with the IM protocol leads 

to an increase in performance on the IM. 

 Performance on the LFA showed a general trend toward improvement in 

performance between the initial pre-test period and the post-test after the first treatment 

period of 12 sessions (T1-T2); a decline in performance between the post-test after the 

first treatment period of 12 sessions and the pre-test after the six-week break (T2-T3); 

and an improvement in performance between the pre-test after the six-week break and the 

post-test at the end of the IM treatment protocol (T3-T4). These results add to the current 

IM research and support that treatment with the IM protocol leads to an increase in 

performance on the IM; however, the results also indicate that discontinuing the IM 

protocol may lead to a slight decrease in performance on the IM, which was not 
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significant. This could mean that benefits of the IM are lost over time, but not at a 

significant level of loss. As with most physical and mental routines that support wellness, 

continued participation in these activities is warranted, and thus the continued use of the 

IM protocol is recommended at some level.  

 Performance on both the d2 and the NHPT followed a similar general pattern as 

performance on the LFA, indicating that participation in the IM protocol could be linked 

with increased performance on the d2 and the NHPT. If participation with the IM 

program can promote cognitive and motor performance, then participation with the IM 

could promote aging in place through cognitive plasticity and supporting executive 

function.  

Conclusions 
 
Research Question 1. At what point in the IM short form assessment do significant 

predictors of percentage of change within the IM long form assessment arise? 

Given the measurement indicators in Figure 11 Significance of Change in Scores 

for Short Form Assessment, there was significant change at week 5 that consistently held 

throughout the treatment sessions. This improved level was reached during the second 

phase of the treatment sessions within one treatment session and remained until the 

conclusion of the study. In practice, this means that occupational therapists could 

integrate the IM into their treatment programs and could expect to see positive changes 

within a few weeks that would continue throughout the duration of the IM treatment 

period.  
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Research Question 2. After completing a full regimen of the IM protocols, how do the 

initial long form assessment scores compare to the post-six-week control period long 

form assessment scores?  

The post-six-week control period LFA scores showed a decrease, on average, 

from the initial LFA scores. This demonstrates that continued use of the IM improves 

people’s cognitive and motor skills and could possibly serve as an instrument to maintain 

these skills in daily life. These findings support the use of the IM in occupational therapy 

treatment protocols, and serve as an indication that the IM system could be used to aid 

participants in aging in place, and, thus, overall quality of life throughout the lifespan. 

Periodic IM sessions interspersed throughout the course of treatment would serve to 

benefit clients in maintaining the benefits gained.   

Research Question 3. Is there a correlation between change in scores on the full IM 

regimen and scores on the WJ III, the d2, the FSST, and the NHPT?  

Because of the lack of sensitivity and measurement outcomes, the WJ III and the 

FSST were not included in this analysis. Some changes were noted, but because of the 

lack sensitivity and ability to depict true change, they were omitted from inclusion in this 

section of the study. In general, as performance on the full IM regimen increased, scores 

on both the d2 and the NHPT increased as well. This indicates that the IM could be the 

impetus for changes in executive function in the aging population. Change or 

improvement in both cognitive and motor performance is evident in each of the 

participants, exhibiting a positive dual outcome result that few if any interventions or 

treatments are currently providing. This implies that occupational therapists could add the 
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IM in as a supplement to their treatment protocols and reap the cognitive and motor 

benefits for their patients.  

Research Question 4. At what point do individuals saturate their level of performance 

within the full IM protocol, and can the IM short form assessment be an indicator of 

where that saturation level exists? 

Given the outcome in comparing the results of treatment session one and 

treatment session two, one can continue to measure change or improvement in each of the 

participants. The change no longer remains significant over time, but is reflective of 

maintenance of the participant’s ability to remain at peak levels of both cognitive and 

motor skill performance. Thus, since it appears that a positive percentage of change, or 

overall improvement in performance, is lost over time, the results support the need to 

continue with the IM protocol in order to maintain the results gained when beginning 

treatment. This supports the idea of using the IM system for cognitive and motor 

performance maintenance with the aging population, and thus, extending and improving 

aging in place and continued quality of life.  

Recommendations 
 

Methods to Improve the Study. Seeking out a truly random sample, as well as a 

larger sample, could compensate for the limitations resulting from the 

volunteer/convenience sampling. This would provide more generalizable results. 

Retention of study participants could be improved by providing participation incentives. 

Measures should also be put in place to ensure more consistency between the 

participants’ treatment sessions. Small study samples, as this study presents, often lead to 
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criticism of generalizability. A control group of the same size may lead to acceptance of 

the findings, regardless of study population and size.  

Final Implications. Though further research is needed to examine the link 

between participation in the IM protocol and possible changes in cognitive and motor 

abilities, the researchers were successful in delineating a relationship between positive 

percentage of change in scores on the IM protocol and positive percentage of change on 

both a cognitive and motor assessment. Future studies should seek to more closely 

examine this relationship to determine if the IM can be used as a tool to improve 

cognitive and motor abilities in healthy, older adults, namely by integrating it into a 

maintenance program to promote aging in place.  
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