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ABSTRACT 

 The educational process of a physical therapist is one that requires many 

psychomotor skills to be transferred from the teacher to the student in order for that 

student to one day be an effective health care practitioner. A faculty shortage within 

physical therapy education limiting the availability of instruction has prompted the 

question if these necessary psychomotor skills can be transferred through an 

asynchronous web-based education platform, thus increasing the availability of education 

to entry-level physical therapy students.  

The main purposes of this study were to determine if entry-level physical therapy 

students instructed through an asynchronous distance learning environment can acquire 

and perform a psychomotor skill common in physical therapy practice effectively and 

safely as compared to students being prepared through traditional lecture and lab 

instruction, and to determine if subject/patient gender pairing has any impact upon the 

subject’s ability to acquire and perform the psychomotor task.  Secondarily, the study 

investigated if relative size of subject to patient affects the ability to assess assistance 

levels or maintain safety when lifting.   

Assessment occurred through a comparison of each subject’s estimated assistance 

amount to the actual measured amount during lifting and through video analysis of lifting 

posture.  A randomized block design was utilized, and data analyzed by use of a 

multivariate analysis of variance and correlation study. Students instructed in an 

asynchronous web-based method demonstrated significantly improved estimates of 

physical stress associated with lifting (safety) when compared to the face-to-face 

instructional group (p <.05). In addition, female subjects assisting male patients to stand 
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demonstrated significantly decreased measures of lifting posture when compared to males 

lifting females or those subjects lifting patients of their same gender. Additionally, a 

significant (fair) positive correlation was found between those subjects larger in size than 

the patient they were lifting and the subject’s ability to maintain a safe lifting posture. 

 The study results suggest that students of physical therapy acquire and perform 

the psychomotor task of the sit-to-stand maneuver more safely when instructed in a web-

based asynchronous method than when instructed in a traditional face-to-face lecture 

followed by lab method. Additionally, the study results suggest that female students and 

those students lifting patients larger in size than themselves should remain vigilant in 

maintaining a safe lifting posture so as to reduce the propensity for lifting self-injury.  
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CHAPTER I 

INTRODUCTION 

 

Routine education for entry-level physical therapy students includes instruction in 

the five elements of patient/client management as described by the Guide to Physical 

Therapist Practice (Guide to physical therapist practice: Second edition, 2001).  Students 

would ordinarily be expected to independently perform all five elements included in 

normal physical therapist practice prior to their graduation and assuming the role of an 

entry-level physical therapist; the five elements being examination, evaluation, diagnosis, 

prognosis, and intervention. Each of these five elements provided by a physical therapist 

is necessary to provide high-quality, effective care to persons with disease, disorder or 

condition.  

Beginning an episode of care, the physical therapist’s examination includes a 

comprehensive screening of all body systems and a specific testing process designed to 

gather data.  This process allows the physical therapist to rule in or to rule out specific 

causes of impairment and functional limitations and leads to the therapist’s diagnosis of 

dysfunction or the decision to refer to another health care practitioner (A normative 

model of physical therapist professional education: Version 2004). The physical therapist 

then makes clinical judgments based on the data gathered during the examination which 

are then used to formulate a comprehensive plan of care to assist in managing the care of 

the patient through carefully chosen procedural interventions (Guide to physical therapist 

practice: Second edition, 2001). 
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To ultimately arrive at the implementation of appropriate procedural 

interventions, a physical therapist must be skilled in all aspects associated with the 

patient/client management model. Success in this process begins with the therapist’s 

ability to properly assess the present status of the particular body system in question.  

Improper assessment is likely to lead to faulty clinical judgments, and ultimately to 

ineffective procedural interventions.  

It is common practice for physical therapists to assess a patient’s functional status, 

particularly their ability to mobilize or to move without restriction within their 

environment.  This skill is taught as a basic psychomotor task to students of physical 

therapy, and following instruction and practice students are then expected to accurately 

quantify required levels of patient assistance in mobility.  

Past education practices in instruction have historically utilized conventional 

means with students learning subject matter in a classroom setting and then the outcomes 

tested by examination (McKeachie & Svinicki, 2006).  Pedagogical methods of 

instruction in physical therapist education have tended to follow this same genre.  The 

investigation of enhancing teaching methods through the use of advanced technology is 

not a novel concept, however recent study has involved the investigation of transference 

of cognitive information through the use of technology platforms (McKeachie & 

Svinicki, 2006).  A great deal of entry-level physical therapist education involves the 

transference of psychomotor skills to the student that is then evaluated for competence 

through observational assessment by academic and clinical faculty (APTA: A normative 

model of physical therapist professional education: Version 2004).   
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The process of learning in the psychomotor domain is often referred to as learning 

perceptual and motor skills (Bloom, 1984) and should be assessed through procedures 

which are directly relevant to the instructional objective (McKeachie & Svinicki, 2006).  

Traditionally viewed as distinct from perceptual and cognitive skills, motor skill 

acquisition is believed to require monitoring and feedback from experts regarding the 

motor skill being learned if instructional methods are to be successful (Tzetzis & Votsis, 

2006). The importance of practice during skill acquisition is equally important for 

students in the medical fields; however, practice opportunities are often limited due to 

various ethical or legal reasons. Professional training of the physician has turned to 

available technology in an attempt to fill the void of practice opportunities through the 

use of simulation training (Morgan & Cleave-Hogg, 2005).   

The education of a physical therapist involves many highly skill-based tasks. It is 

therefore reasonable to question if an entry-level physical therapy student can learn the 

necessary psychomotor domain tasks in a manner such as medicine has chosen to 

investigate; utilizing available updates in technology to provide instruction in a means 

other than the traditional lecture and lab methodology historically utilized.  One method 

of interest is through the use of a computer-based educational network in which the 

student is learning via the medium of the computer.  The transfer of a psychomotor skill 

through a network-based learning environment among students of physical therapy is of 

particular interest to the profession due to an ongoing demand for trained physical 

therapists, particularly in rural health practice areas.  Technological advances now made 

available for educational purposes should be utilized to maximize learning outcomes and 

to minimize barriers imposed by distance through reaching beyond the classroom. 
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A search of relevant literature utilizing the ERIC educational data base and 

biomedical database search and retrieval system developed by the National Library of 

Medicine, namely MEDLINE and PUBMED, yielded few published results of 

investigation into transference of psychomotor skill, and none were discovered related to 

the evaluation of effectiveness of technology based pedagogical methods. Additional 

private biomedical search and discovery platforms, OVID (Ovid Technologies, Inc.; New 

York, NY) and CINAHL (EBSCO Publishing; Ipswich, MA) were explored, and similar 

lack of publication results were discovered. Such investigations have likely not been 

undertaken due to lack of expertise and knowledge within the physical therapy faculty 

regarding specialized pedagogical techniques associated with distance education and 

because of the challenges presented with distance assessment of what may appear to be 

highly elusive psychomotor skills. The intent of this study was to evaluate the success of 

transferring a psychomotor skill through an asynchronous distance learning environment 

to entry-level physical therapist students.  The success of transference was assessed 

through the subject’s ability to accurately quantify assistance provided in a psychomotor 

skill and through the subject’s ability to correctly demonstrate the skill instructed.  

 

Background 

The development of psychomotor skills is essential to the practicing physical 

therapist due to the heavily biased hands-on skill set associated with the practice of 

physical therapy (Guide to physical therapist practice: Second edition, 2001) and is a 

major portion of curriculum within any entry-level physical therapist program (A 

normative model of physical therapist professional education: Version 2004). Advances 
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in technology have made available the opportunity to provide pedagogy in ways which 

were not possible prior to the overwhelming adoption of the computer and computing 

technology by the consuming public. The World Wide Web is one technology which has 

allowed educators to explore varying pedagogical methods.  Studies utilizing web-based 

pedagogy have yielded improved outcomes in student course grades in nursing education 

when offered in a hybrid web-based format, a method that combines traditional face-to-

face and distance education methods (Kumrow, 2007).  Turner, Simon, Facemyer, 

Newhall, & Veach (2006) suggested that in the teaching of clinical diagnosis skills to 

physicians the use of a web-based clinical scenario can be as effective at acquisition of 

diagnosis skills, yet still be more cost effective over the use of standardized patients.  

 

Physical Therapy Faculty Shortage 

Professional education of an entry-level physical therapist has undergone a 

metamorphosis of degrees over the past three decades, and its latest transformation 

suggests that a shortage of qualified faculty is imminent. Originating in the early 1900’s, 

a physical therapist was essentially a physical education specialist with minimal special 

training in massage and corrective exercise (Little & Johnson, 2003). Following the 

disfigurement of U.S. soldiers during World War II and their immediate rehabilitation 

needs, physical therapists emerged as certificate education became a reality. Physical 

therapist’s evolving practitioner image continued through the 1970’s when the bachelor’s 

degree became widely accepted as the minimal education of a physical therapist (Moffat, 

2003). A mid 1990’s push for a master’s entry-level education quickly became reality in 

response to the profession’s quest for post-baccalaureate education. The most recent 
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initiative has called for a transition to the doctoral level of education for all physical 

therapist education programs by the year 2020 (Stobs, Jensen & Paschal, 2003).   

The American Physical Therapy Association (APTA) (APTA 2005 Fact Sheet; 

Physical Therapist Education Programs, 2005) reported that 1,921 graduates of entry-

level physical therapy education received a doctoral degree in physical therapy (DPT) in 

2004.   This number is projected to increase to over 5,000 doctoral graduates by 2008, 

based on current trends.  Physical therapist education has been further strained as 

approximately 10,000 physical therapists have successfully completed transitional DPT 

programs, according to the APTA.  Against this backdrop of increasing student numbers, 

the APTA has reported that 130 core faculty positions are currently unfilled and 62 

additional positions are expected to be created.  Given that there are 1,883 total full-time 

core positions in all presently accredited physical therapy programs, this equates to a 

present vacancy rate of nearly 7%, and is projected to climb as high as 14% with 

anticipated expansion of DPT programs (APTA 2005 fact sheet; physical therapist 

education programs).  This situation may worsen in the future since 41% of current core 

faculty members are presently 50 years of age or older (APTA 2005 fact sheet; physical 

therapist education programs).  Collectively, these numbers suggest that finding new and 

replacing retiring faculty with doctorally trained individuals may be difficult.  

It appears likely that the faculty shortage within physical therapy education will 

continue for some time, and alternative methods of educating the physical therapist 

should be investigated.  Distance education methods that are shown to provide students 

the ability to learn and perform psychomotor skills could help alleviate the shortage of 

faculty with an increase in effective instructional geographic areas, thus reaching students 
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not previously accessible. In addition, students not able to attend the traditionally used 

on-campus educational method of instruction could now attend courses when and where 

they are convenient, requiring only an internet connection with basic audiovisual 

hardware. Students qualified and interested in the field of physical therapy could then be 

provided an avenue for acquiring the education required to become a licensed and 

practicing physical therapist, further reducing the burden of finding qualified faculty.   

 

Gender Differences in Learning Psychomotor Skill 

Physical therapy practice has traditionally been a female dominated profession, 

with more than 65% of all members of the APTA being female according to demographic 

report (APTA Member Demographic Profile, 2006).  With this study potentially 

impacting the educational process in a profession known to be heavily female biased, 

investigation to determine if gender has any impact on a student’s ability to learn or 

demonstrate a psychomotor skill is warranted. Meaney, Griffin, and Hart (2005) 

examined the effect of female student’s ability to learn motor performance tasks with the 

model’s sex and level of experience being the independent variables. The results of this 

study discovered that there was a significant main effect for model skill sex and the 

subject’s ability to learn the motor task. Female participants observing a female model 

transferred significantly more learning strategies than those who observed male models.  

Additionally, it was discovered that females acquired motor-skill learning better when 

observing a model who was also learning. This finding was also suggested by McCullagh 

& Caird (1990) who believe that a learning model enables the student to be actively 

engaged in the problem-solving process which then increases cognitive effort.   
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Intuitively, gender is not always a factor when looking at psychomotor skill and 

lifting. Many times it has become evident that a female physical therapist is as capable at 

lifting or assisting a patient as their male counterpart.  This could be due to the positive 

application of body mechanics, instruction provided to the patient, or even be attributed 

to the patient’s varying effort with one gender over another. For this purpose, the study 

will also examine if therapist body size may have an influence on the ability to assess and 

perform the transfer appropriately. 

 

Statement of the Problem 

Despite the apparent possibilities of improved outcomes and options of reaching 

additional students through network-based learning environments, little has been done to 

investigate the feasibility and appropriateness of utilizing the medium in physical therapy 

education.  The “real world” application of investigations which implement varying 

methods of pedagogy are many, however certain perceived limitations exist when 

determining if a network-based learning environment could be realized in entry-level 

physical therapist education.  The acquisition of a complex psychomotor skill provides 

multi-faceted challenges when determining how best to evaluate learning outcomes.  It 

has been suggested that the assessment method chosen to determine skill acquisition is 

the determinant if the assessment tool is valid and reliable (Hand, 2006).  Others have 

suggested that absence of contextual relevance in practice and assessment to the actual 

task being assessed lowers the ability to form generalization of results (Ferguson & Rice, 

2001).  Tzetzis & Votsis (2006) determined that feedback was a key component in skill 

acquisition in the physical education environment. The apparent lack of general 
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agreement among researchers is not likely to have fostered vast amounts of study in the 

field of psychomotor skill acquisition, witnessed by the apparent deficiency of study in 

this area.   

The main purposes of this study were to determine if entry-level physical therapy 

students instructed through an asynchronous distance learning environment can acquire 

and perform a psychomotor skill common in physical therapy practice effectively and 

safely as compared to students being prepared through traditional lecture and lab 

instruction, and to determine if subject/patient gender pairing has any impact upon the 

subject’s ability to acquire and perform the psychomotor task.  Secondarily, the study 

investigated if relative size of subject to patient affects the ability to assess assistance 

levels or maintain safety when lifting.  Assessment occurred through a comparison of 

each subject’s estimated assistance amount to the actual measured amount during each 

trial, and through post-trial video analysis of lifting position.  A comparison of accuracy 

of lifting assistance estimates between groups was utilized to determine statistical 

difference. A comparison utilizing a composite of each subject’s observed lifting 

behavior was assessed for statistical difference between groups. 

The tool chosen to assess accuracy of skill acquisition had been previously 

validated by a pilot study involving the subject population as physical therapist students 

were shown to possess adequate skill following instruction to correctly estimate levels of 

assistance required by a patient to stand from a sitting position (Brueilly, Alexander, & 

James, in press).  The study also examined the subject’s lifting posture when performing 

the psychomotor skill. Assessment was made through post-trial video analysis of each 

trial followed by subsequent calculation of a lifting index as suggested by previous 
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research in safe lifting (Waters, Putz-Anderson, Garg, & Fine, 1993; Sesek, Gilkey, 

Drinkaus, Bloswick, & Herron, 2003). The basic generalization followed that if the 

learner could be successful in the ability to display safety in demonstration, the education 

method (independent variable) was likely to be supported.  Conversely, if the subject was 

not able to maintain a safety position during demonstration, the instructional effort was 

then subject to question in light of safety issues.     

The study examined if gender had any impact upon a subject’s ability to 

accurately assess the performance and maintain a safe lifting position, both integral parts 

of the skill studied. This decision to include gender as a blocking variable was founded 

upon the findings discovered by past researchers (Meaney et al., 2005; McCullagh & 

Caird, 1990).  Any apparent gender difference in learning and motor performance could 

be evident in the experimental group (asynchronous distance learners) when compared to 

the proposed control (traditional face-to-face lecture and lab learners).   

Physical therapists are required to perform lifting tasks during many of their daily 

job-related activities, despite their gender.  Research evaluating lifting tasks during job 

activities demonstrated that females were less able (1%) than their male counterparts 

(25%) to successfully complete a lifting task which required moderate effort (Yeung, 

Genaidy, Deddens, & Leung, 2003).  As subjects assist patients to standing by way of 

lifting assist, this apparent discrepancy between genders was evaluated. The application 

of gender blocking during this study served to support or refute these findings in the 

physical therapist student community which presently is highly dominated by female 

enrollees (73%) (APTA 2005 Fact Sheet; Physical Therapist Education Programs, 2006).  

Table 1.1 provides a sample of subject blocking variables by group. 
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Table 1.1  Example of Subject Blocking Group Variables  

Educational Method Group 1 
(Subject/Model) 

Group 2 
(Subject/Model) 

Group 3 
(Subject/Model) 

Traditional 
Lecture/Lab 
(Control) 

 
Male/Female 

 
Female/Male 

 
Same Gender 
(M/M & F/F) 

Asynchronous  
Web-Based 
(Experimental) 

 
Male/Female 

 
Female/Male 

 
Same Gender 
(M/M & F/F) 

  

 

 

Research Questions 

1. Does a subject’s ability to accurately assess percentage of assistance and perform a 

safe lifting episode in a sit-to-stand transfer differ by gender pairing of subject and 

patient? 

2. Does a subject’s ability to accurately assess percentage of assistance and perform a 

safe lifting episode in a sit-to-stand transfer differ by education method of the 

subject? 

3.  Does gender pairing and education method interact in the effect on a subject’s ability 

to accurately assess percentage of assistance and perform a safe lifting episode in a 

sit-to-stand transfer?    

4. Does the ratio of patient-to-subject size demonstrate any relationship in a subject’s 

ability to accurately and safely perform a transfer?  
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Hypotheses 

The following four hypotheses were tested within this study: 

1. The ability to accurately assess percentage of assistance and perform a safe lifting 

episode in a sit-to-stand transfer will be improved by gender pairing combinations 

of subject to patient. 

2. The ability to accurately assess percentage of assistance and perform a safe lifting 

episode in a sit-to-stand transfer will be improved by the education method of the 

subject. 

3. The gender pairing and education method will interact in the effect on subjects’ 

ability to accurately assess percentage of assistance and perform a safe lifting 

episode in a sit-to-stand transfer.    

4. Subjects working with patients having a body weight less than or equal to that of 

their own will demonstrate a relationship of improved assessment outcomes and 

decreased risk of lifting self-injury when performing a sit-to-stand transfer. 

 

Assumptions 

The following assumptions were made for this study: 

1. Subjects will not transfer information learned from any previous clinic observations 

or assessment techniques to which they have been exposed. 

2. Subjects will not collude between groups and share instructional information before 

or during the assessment process.  

3. Subjects will complete the assigned instructional method and assessment process to 

the best of their ability. 
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4. The assessment method of quantifying the active patient assistance in the sit-to-stand 

maneuver is recognized as being valid and reliable for the subject population 

(Brueilly et al., in press). 

5. Subjects can effectively learn through the method of network-based learning 

environment (Salyers, 2007). 

6. The assessment method of determining safe acceptable lifting posture is a derived 

compilation of peer reviewed literature and is recognized as being reliable and valid 

for the purpose of this study (Waters et al., 1993). 

7. A difference exists between subject gender and their ability to learn and accurately 

quantify and/or safely perform the transfer procedure (Meaney et al., 2005; Yueng 

et al., 2003). 

 

Limitations 

The following limitations to the generalizability of the results were identified: 

1. The sample was comprised of entry-level physical therapy students from one 

university. This sample of convenience is not purported to be a representative sample 

of the entire population of entry-level physical therapy students. 

2. The study relied upon the subjects’ willingness to learn and master the material 

presented for study. In addition, the assessment process also required the subjects’ 

effort to properly evaluate information experienced; therefore accuracy of the data is 

dependent upon the subjects’ personal efforts. 

3. Subjects were asked to exclude themselves from the study if they had previous formal 

instruction in the methods being instructed and assessed so as to reduce threats to 
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internal validity; therefore data are dependent upon the accuracy of the subject’s 

honesty. 

4. Subjects were asked to not discuss or practice the transfer maneuver outside of their 

group, and the importance of such was emphasized heavily. The importance was 

reiterated several times between the instruction and testing time frame through 

various communication means. Despite best efforts, there is no guarantee that 

collusion did not occur. 

5. Calculations of center of mass for subjects and patients utilized a known procedure 

for estimating the single point in a moving human model. Although this method has 

been utilized in previous research; it does not take into account a person’s body type 

and weight distribution (Winter, 2005).  

6. Calculations for determining lifting position (posture) utilized a predetermined 

formula derived for reduction of work related lifting injuries (Waters et al., 1993; 

Sesek et al., 2003). This formula does not take into account the lifter’s height nor 

does it make suggestion for use in lifting tasks similar to the sit-to-stand. Factors 

unique to this lift could include patient movement, unanticipated resistance, and the 

timing/speed of the lift involved in live patient assistance. 

7. Study patients were shown by ground reaction force (GRF) values to have provided 

crescendo type of assistance in standing. Because accelerations present during the 

movement influenced the magnitude of the GRF values, a theoretical model 

representing the relationships among the body’s center of mass position, velocity, and 

acceleration during a sit-to-stand movement was used to estimate the instant when 
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acceleration (other than gravity) would be theoretically zero. Application of the 

theoretical model to the actual transfer movement may have introduced error. 

 

Definition of Terms 

The following definitions were used for the purposes of this study: 

Active Patient Assistance: The amount of actual assistance supplied by a patient 

during a maneuver assessment; generally described by a percentage of effort expended by 

the patient (Franchignoni, Orlandini, Ferriero, & Moscato, 2004). 

Asynchronous Distance Learning Environment: A teaching and learning model 

where learners and instructors are separated by both time and geography (King, Smith, & 

Mathews, 2006). 

Lifting Index (LI): A term that provides a relative estimate of physical stresses 

associated with a particular lifting activity. Defined as Load Weight / Recommended 

Weight Limit. 

Patient: A volunteer mock patient that is being assessed in their ability of 

performing the sit-to-stand transfer maneuver. 

% Calculated (% Calc):  The percentage of the patient’s active participation in the 

sit-to-stand maneuver calculated as the percentage of the quantified vertical ground 

reaction force (vGRF) value relative to the patient’s known body weight. 

% Rated:  The subject’s recorded estimation of the patient’s active participation in 

the sit-to-stand maneuver in a percentage of the overall weight of the patient.  

Psychomotor Skill:  Purposeful movement involving cognition and motor activity, 

as well as affective components involved in the willingness to act (E. J. Simpson, 1972); 
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the process of acquiring psychomotor skill may also be known as motor learning 

(Shumway-Cook & Woollacott, 2001). 

Recommended Weight Limit (RWL): The product of a lifting equation describing 

the weight of a lifting load that most healthy workers could perform repeatedly without 

an increased risk of developing lifting-related low back pain.   

Sit-to-Stand Transfer: An activity that permits the patient to function in different 

environments; in this case from a seated to a standing position (Pierson, 1994; Minor & 

Minor, 2006). 

Subject: The research subject; a person being evaluated for their ability to perform 

the desired psychomotor skill during the study.  

Vertical Ground Reaction Force (vGRF): A force applied through a physical 

ground contact in a downward direction and is measured directly by force plates 

imbedded in the ground surface (Oatis, 2004); for this study vGRF is measured in 

Newtons.  

 

Summary 

The study of entry-level physical therapy students provided the opportunity to 

investigate the acquisition of once believed impossible to transfer by distance education 

means those psychomotor skills unique to any allied health student. This assessment in 

transfer of knowledge by varying methods was made possible through the utilization of a 

recently validated measure of psychomotor performance: the measurement of vertical 

ground reaction force during the sit-to-stand transfer. With validation of this 

measurement tool the investigation of varied educational methods was the next logical 
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step in research. Assessment of proper skill execution in the maneuver to evaluate safety 

in lifting was assessed through post-trial video analysis.  Following completion, the study 

afforded the opportunity to investigate further avenues of varying pedagogy in an attempt 

to alleviate the barriers to education involving time and geographical distances between 

learner and teacher.   
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

 There is currently a paucity of published research investigating the transference of 

learning through distance education means for the health professions. There is also a 

general lack of peer-reviewed material related to assessment of psychomotor abilities in 

the allied health professions, despite many of these professions’ reliance upon skilled 

movement to conduct their profession. This review of the relevant literature will begin 

with a description of pertinent educational issues such as theories involved in the 

domains of learning, proceed into pedagogical and assessment methods, provide a 

discussion of the literature related to the task being instructed and assessed in the study, 

and conclude with the application of these topics toward teaching with technology in 

physical therapy education.  

 

Transfer of Learning 

 When discussing education and learning, one must first understand the expected 

goal of the process which is the transfer of learning. Cafarella (2002) defines transfer of 

learning as: “The effective application by program participants of what they learned as a 

result of attending an education or training program.” The concept of transfer of learning 

has been receiving increased attention in today’s educational market of continuing 

accountability by educators and learners. Typically, the transfer of learning is measured 

in terms of behavioral objectives that are articulated in very specific and measurable 

changes in one of three domains: knowledge, skill or attitude. 
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Bloom’s Taxonomy 

 Bloom (1984) created a taxonomy to be utilized within the educational realm 

which abstractly categorized levels of educational activity from the very simple to the 

more complex. In his three named categories, now routinely known in education as 

Bloom’s Taxonomy, are cognitive (knowledge), affective (attitudes), and psychomotor 

(physical skills) domains that were described. Bloom and his colleagues expounded upon 

the cognitive domain with discrete categorical classifications corresponding to the simple 

tasks such as recall of cognitive information (knowledge level) progressing up to the 

most complex task of evaluation, in which students must make judgments about the value 

of ideas or materials (Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956).  Following 

Bloom’s lead, Krathwohl, Bloom, & Masia (1964) published the equivalent for the 

affective domain. Interestingly, Bloom and colleagues acknowledged the psychomotor 

domain, however, they chose to not develop the same taxonomy scale for the skill based 

set as they believed it was not routinely taught and assessed in secondary schools and 

college (E. J. Simpson, 1972).  

 Recognizing a serious lack of classification within the psychomotor realm, 

Simpson (1972) developed the taxonomy stated in terms of abilities and skills. Simpson 

recognized the usefulness of such a classification system for use in schools teaching areas 

of specialization and vocation. As the name implies, the psychomotor domain involves 

both cognitive and motor activity; however, it also includes affective components such as 

the willingness to act. Building on the work of Bloom and others, Simpson identified 

seven progressive levels of behavior involved in the mastering of a skill. These 

progressed from the most basic to the most complex behaviors, including the categories 
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of perception, set, guided response, mechanism, complex overt response, adaptation, and 

origination. As students progressed through the formation of a new skill, they did so in 

this logical order, thus mastery suggested their ability to create new movements for 

special situations based upon their previous experiences.  Several other authors 

(Anonymous, 2007; Harrow, 1972; Seels & Glasgow, 1990) have coined similar, but 

different categories for the psychomotor domain; however, Simpson’s appears to be the 

most widely accepted yet today. 

Through experience, practice, and feedback, learners progress toward the more 

complex overt response meaning that students perform a physical task with a high degree 

of proficiency and skill. For the purposes of this study, subjects were expected to be able 

to perform a transfer of a patient from sit-to-stand in a competent and technically correct 

manner and to assess patient active participation during the maneuver to a level of 

accepted standards.  The subject population has been shown to be proficient at this task in 

previous study (Brueilly et al.). 

 

Forms of Learning 

The concept of learning a new skill or activity has seen significant amounts of 

research and publication. Researchers have demonstrated through animal study that there 

are two forms of learning, non-associative and associative. Non-associative forms of 

learning occur when a single stimulus is given repeatedly, thus causing the animal’s 

nervous system to learn about the characteristics of the stimulus (Shumway-Cook & 

Woollacott, 2001).  One form suggested is habituation in which passive learning is 

actually a result of decreasing responsiveness by the nervous system to the stimulus. The 
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second form of non-associative learning occurs through sensitization, known to occur 

through reception of a painful stimulus that excites or increases reception of an 

accompanying stimulus. Sensory learning was likely to occur during the present study as 

the patients and subjects explored their surroundings during the sit-to-stand transfer 

maneuver.  In the event that an undesirable stimulus occurred, it was likely that the body 

would adjust to decrease the probability of receiving the stimulus repeatedly. An example 

of this principle might be the loss of balance leading to an impending fall. Should this 

occur, the person is likely to reduce the propensity of falling through one of many means 

such as increasing the base of support or lowering the center of mass to increase the 

limits of stability. 

Learning may also occur through an associative form, establishing causal 

relationships in the environment (Kupfermann, 1991). In a classical conditioning model, 

one stimulus followed by a second stimulus allows the person to relate the cause and 

effect involving both stimuli. Once learning has occurred, a conditioned response is 

evident following the initial response without any second stimulus necessary. 

Learning through the trial and error method is a form of operant conditioning 

(Shumway-Cook & Woollacott, 2001). Education concerning this type of associative 

learning is routine instruction in today’s educational society, with every child learning 

about Pavlov’s dog recognizing a reward for implementing a stimulus.  During the 

present study, operant conditioning was likely to have been a variable which was present 

in varying amounts between the study groups. Those receiving traditional lecture and lab 

instruction would inherently receive positive reinforcement from the instructor if 

practiced correctly. Subjects in the distance education group would not likely be afforded 
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the same opportunity in an asynchronous mode, as the instructor is not able to visualize 

psychomotor performance to provide feedback.  

 

Theories of Learning Psychomotor Tasks 

Adam’s (1971) Closed Loop Theory suggests that one possesses a motor memory 

of motion which allows the individual to replicate the exact motion following practice. It 

is suggested that the subject should perform the skill exactly the same as they hope to 

perform when engrained and reproduced. The adage, “Perfect practice makes perfect,” is 

applicable. This theory is questioned as it is known that humans are able to perform novel 

tasks independent of practice, and more recent research has suggested that variance of 

movement actually improves motor performance more effectively than repetitive motion 

to a single end point (Shumway-Cook & Woollacott, 2001). 

Schmidt’s Schema Model (1975) incorporated additional ideals of an open-loop 

system which gathers and stores information following each motion (Shumway-Cook & 

Woollacott, 2001). In addition to storing the kinesthetic body position from the motion, 

following each movement the body also stores parameters used in the motion, the 

outcome of the motion in terms of knowledge of results, and sensory consequences 

associated with the motion. The information is then processed into a recall schema for 

use when selecting a particular response in the future. This model would suggest that 

students who have had previous experience with transfers might perform superior to 

those who have not yet formed the recall schema. In studies involving normal adults, 

support for this theory is mixed (Shumway-Cook & Woollacott, 2001). 
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The Ecological Theory was created by Newell (1991) and suggests that perceptual 

information can be used to augment a skill. Paramount to this theory is the belief that the 

transfer of a motor skill will be dependent upon the individual having experienced several 

slightly varied, but similar, tasks for optimal performance. Clinical application of this 

theory involves an individual who has lifted several heavy glasses of water and reaches 

for a very light glass which looks very similar to a heavy glass, only to over accelerate 

and overshoot the motion. 

 

Stages of Learning 

As individuals learn a novel task or skill, it is suggested that there is a logical 

sequencing to the stages of learning. According to the Fitts and Posner (1967) Three-

Stage Model, during initial phases of learning the subject must concentrate highly upon 

the task being learned, and as the movement is internalized the level of attention 

gradually decreases until the skill can be performed with very little cognitive attention.   

Shumway-Cook and Woolacott (2001) describe a systems model also involving 

three stages. This model is described as the learner experiencing lower levels of freedom 

in performance when first learning a skill, but progresses to a fluid and efficient 

movement pattern as the skill is mastered. An example of this might exist in the present 

study as a subject attempting to transfer a patient to stand incorrectly co-contracts the 

lower extremity and trunk agonist muscles while concurrently activating both areas 

antagonistic musculature during the early stages of learning. This inefficient use of over 

contraction of force is countered through experience and practice to a point where the 
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subject is only employing extensor musculature; those muscles necessary to accomplish 

the transfer in a fluid and efficient manner.  

The final theory of motor learning suggested is the Gentile’s Two-Stage Model 

(1992), describing the goal of the learner in each stage. The initial stage involves the 

learner planning, attempting to understand the task dynamics, and sorting out the 

environmental issues which might come into play during the skill. The second phase 

involves the learner in refining the movement through adaptations which allow the skill 

to be performed consistently and efficiently. As practice increases, so does the 

performance and efficiency of the skill. 

 

Teaching Concepts Unique to Instructing Psychomotor Skills 

Instruction in a novel psychomotor activity requires the teacher to be able to 

provide some sort of description of the desired activity or movement to the learner. This 

description can be delivered in one of many ways; however the most commonly accepted 

method is by visual demonstration (Meaney, Griffin, & Hart, 2005).  This modeling of 

behavior is easily influenced in many ways such as specificity, psychological 

characteristics, model characteristics, spacing and timing of the demonstration, perceptual 

information and various learner characteristics.  Meaney et al. (2005) discovered that 

gender of model can have a significant effect upon the learner’s ability to acquire and 

transfer strategies of a novel motor task. In addition, it was discovered that students 

mastered novel motor tasks more effectively when viewing models also learning the task 

being taught. This study suggests that students may be able to see mistakes and 
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adjustments made by others, and be able to make their own corrections of these same 

mistakes prior to their attempt. 

When teaching motor activity, the ability of the student to generalize the learning 

to conditions other than the classroom has been shown to be improved in circumstances 

which afford multiple field exposures to the learner (Malfait, Gribble, & Ostry, 2005).  

Varying conditions during training is often difficult for the educator to maintain 

contextual relevance to the skill being taught, however this should be considered and 

implemented when possible. Ferguson & Rice (2001) demonstrated with their 

investigations into transfer of learning that contextual relevance was an important factor 

related to increased learning outcomes. This study involving the use of subjects tying 

neckties on mannequins and dowels demonstrated that initial learning is roughly equal in 

rate, but that technical performance improved significantly if practice occurs in a context 

of relevance to the task being assessed. Contextual relevance in the present study is 

established through the use of guided instruction in the theory and practice of providing 

assistance in transfers.  However, due to the nature of the independent variable each 

group of subjects is likely to be practicing the skill in different manners. 

The present investigation involves the subject learning both theory of patient 

transfer and the actual psychomotor skill of transferring a patient to stand. This employs 

the most popular type of laboratory instruction, known as expository instruction. In 

expository instruction, the learner is exposed to information that is essentially in the same 

form they are expected to learn, providing a “cookbook” recipe instruction of the 

procedure. (Coppola in McKeachie, 2006, p. 268). Students are to follow exactly 

prescribed instructions of the skill, with the goal being development of the skill being 
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taught. It has been suggested that expository instruction is not superior to classroom 

instruction in formation of cognitive knowledge acquisition in the process of science.  

However expository instruction has been recommended as showing measurable 

advantage over other means of instruction when attempting to develop laboratory skills 

(Hofstein & Lunetta, 1982).  Hence, the argument of contextual relevance appears to be 

further supported. 

There is a general consensus among educators that the laboratory is an important 

vehicle in the student’s ability to learn and comprehend the processes involved in 

scientific thinking (Hofstein & Lunetta, 1982). Via this medium of experience, the 

student is able to personally practice and discover through experience. Although the 

present study does not involve the traditional type of laboratory experience as suggested 

by bench experiment and guided discovery, each group will have the opportunity to 

experience the processes involved in transferring a patient to stand. 

 

Practice and Feedback 

When training for a novel skill, practice is a necessary condition for skill 

acquisition (Salas & Cannon-Bowers, 2001). When learning psychomotor skills the 

subject demonstrates inconsistent performance initially, but generally improves 

performance with practice, believed to be due to the ability of establishing mapping rules 

between proposed motion and resultant manual actions (Sailer, Flanagan, & Johansson, 

2005). It should be stressed, however, that not all forms of practice are of equal benefit in 

all instances.  As a general rule, the more practice an individual can get, the better they 

will perform the skill (Shumway-Cook & Woollacott, 2001). However, too much practice 
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places one at risk of injury due to fatigue, therefore maximizing outcomes balanced with 

safety is a priority, particularly in a study such as was investigated which involves the 

potential for heavy lifting on the part of the subject.   

Practice can be performed in many different types of configurations; the two main 

types being massed and distributed. Massed practice involves performing practice 

sessions in which the subject is actively involved in practice for more time than they are 

at rest. Distributed practice is opposite, defined as a subject is at rest for more time than 

they are active in practice. Very little definitive data exists as to which type is best for 

each situation, but Shumway-Cook & Woollacott (2001) suggest that massed practice has 

been shown to decrease subject performance in continuous tasks. This is explained as 

likely being due to fatigue masking learning effects.   

Practice can also be carried out in differing frequencies, such as being constant or 

variable (Shumway-Cook & Woollacott, 2001).  It is suggested that variable practice is 

superior to constant practice when training for variable tasks, while those conditions 

which require minimal variation in task may be best practiced as constant.  

Activities known to have several facets of skill can be practiced in varying order 

or as a set order of events. Blocked practice of one particular task repeatedly before 

moving on to another task in a sequence of several tasks that constitute a skill several 

activities generally allows the subject to demonstrate each facet of the skill technically 

better during the acquisition phase (Shumway-Cook & Woollacott, 2001).   Random 

practice, practicing the sequence of tasks as a whole skill, has been shown to provide 

better learning of complex skills as long as the learner understands the dynamics of the 

task (Shumway-Cook & Woollacott, 2001). 
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Mental practice and imagery rehearsal have received researchers’ attention in the 

recent future. It has been shown that mentally performing a motor task has a positive 

effect on learning that task (Driskell, Copper, & Moran, 1994; Dicksten & Deutsch, 

2007); however the mechanism by which this performance improvement occurs is poorly 

understood. Kinesthetic imagery, the central nervous system processing of muscle and 

joint position, was also shown to produce increased learning of fine motor tasks in 

individuals as compared with a control group when tested.   

  Feedback or knowledge of results may increase effectiveness of learning in the 

psychomotor realm (Tzetzis & Votsis, 2006). The knowledge of results during or soon 

after the skill execution allows continued performance improvement. The feedback 

received from an expert in the skill or movement appears to be more effective at 

perfecting and retaining technical skills than from an individual unable to provide precise 

information related to critical components of the skill. The type of feedback also plays a 

role in the retention of specific skill.  Porte, Xeroulis, Reznick, & Dubrowski (2007) 

concluded that verbal feedback from an expert instructor regarding surgical instrument 

skill performance led to lasting retention when compared to computer-generated feedback 

and expert supplied reference values of the student’s performance. 

 Feedback may be more effective when provided in a tactile sense to the learner, 

either from the teacher assisting the student to emulate the movement (Harris, Petersen, 

& Diamond, 1999) or by the student experiencing the position of the teacher during 

execution of the motion (O'Connell, Lieberman, & Petersen, 2006).  This suggests that 

the central nervous system can be modified through perceptual learning, a concept of 

particular importance for learners that may not have visual preference.   
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Previous researchers (Meaney et al., 2005) have suspected differences may exist 

and have examined the effect of female students’ ability to learn motor performance tasks 

with the model’s gender and level of experience being the independent variables.  The 

results of this study discovered that there was a significant main effect for model skill 

level and model gender to the subject’s ability to learn the motor task. Female 

participants observing a female model transferred significantly more learning strategies 

than those who observed male models.  Additionally, it was discovered that females 

acquired motor-skill learning better when observing a model that was also learning the 

task being instructed. This finding was also suggested by McCullagh & Caird (1990) who 

believe that a learning model enables the student to be actively engaged in the problem-

solving process which then increases cognitive effort. 

It is uncertain if the psychomotor learning effects found by past research are 

completely gender related and therefore applicable to this research study.  Meaney et al. 

(2005) conducted research on fourth grade girls with mean age of 10 years. Perhaps the 

inequities are merely related to an adolescent development issue rather than a gender. 

This supposition appears to be supported by the research of others, demonstrating 

findings that although males may initially be found to have motor skills superior to 

females in the ages associated with elementary education, these differences are not 

maintained through early adulthood (Toole & Kretzschmar, 1993; Surnina & Lebedeva, 

2001).   

The present study chose to evaluate the effect gender might have through the 

pairing of the subject to patient.  This necessity to evaluate is based upon other past 

research involving independent variables within the study. Females have long been 



                                      Texas Tech University, Kevin E. Brueilly, May 2008        

 30   

viewed as lagging behind their male counterparts in effective use of technology in 

education. According to study by the American Association of University Women’s 

concerning girls’ utilization of computers and computer based education (2000), it was 

determined that there is "clear evidence that girls and women lag in interest and 

participation" in the use of technology.  As the independent variable of educational 

method includes distance based learning as the experimental variable, this research 

suggests a gender factor may exist and should be evaluated. 

 

Assessment of Learning 

 When determining if learning has occurred, there are many options available to 

the educator; however, a student’s performance in any chosen method of assessment is 

not necessarily an indicator of the amount of learning that has taken place. Assessment 

methods must contain certain elements to assist in ensuring their reliability and validity, 

thus fulfilling the ultimate purpose of the assessment process. Attention to the task 

development characteristics is necessary when assessing psychomotor skill, and must 

provide an effective means of measuring significant learning outcomes (Linn & Miller, 

2005).  Competency in psychomotor skill is best demonstrated through assessment of 

performance (Alavi, Loh, & Reilly, 1991), and should be focused on the intention of the 

skill (Linn & Miller, 2005, p. 258). For the study at hand, the task of transferring a patient 

from sit-to-stand provides contextual instruction and assessment, fulfilling this 

assessment requirement. 

 In summary, the process of acquiring information, assimilating the concepts and 

demonstrating the mastery of the information is a complex and varied process in persons. 
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The course appears to be even more variable in an individual’s ability to ascertain, 

internalize, and demonstrate learning when psychomotor skills are involved as the 

process requires cognitive, affective and psychomotor involvement (E. J. Simpson, 

1972).  Any breakdown of information along these systems could in fact result in a 

learner not demonstrating the proper psychomotor skill being taught and assessed. When 

instructing in a novel skill it would be prudent to perform a skill task analysis, identifying 

the components which comprise the skill, ordering them into sequence, and carefully 

choose the necessary practice of components as suggested for the skill.  

 

The Sit-to-Stand Transfer Maneuver 

 In the context of health care, patient transfer refers to the process of safely 

moving the patient from one surface or location to another or from one position to 

another (Pierson, 1994). This transfer process is highly variable based on the patient’s 

physical and mental abilities, and may be performed independently by the patient, 

without any assistance from the health care provider, or may require assistance on the 

part of the provider to accomplish the transfer safely. The routine examination of the 

physical therapist involves the assessment of each patient’s transfer ability (Guide to 

physical therapist practice: Second edition, 2001) and is a standard skill provided in the 

educational process of all physical therapists (A normative model of physical therapist 

professional education: Version 2004).  

 The sit-to-stand transfer involves rising from a seated to a standing position.  

To assist in this transfer, the clinician may instruct in necessary components and 

sequencing, or may provide physical strength assist to rise, depending upon the patient’s 



                                      Texas Tech University, Kevin E. Brueilly, May 2008        

 32   

ability and goals of treatment.  The maneuver may occur from variable surface heights, 

the most common being from a standard chair height of approximately 19.0 inches (48.3 

cm).  Patient height and chair variations may raise or lower seating surfaces in relation to 

the patient. Any seating surface lower than the patient’s approximate knee height forces  

the patient to bend the knees and hips in sitting to a point greater than where the joints 

and musculature function optimally, thus requiring increased hip and knee extensor 

strength to rise.  

 When assessing the rise to standing, the patient must first shift their body to the 

front edge of the seating surface and place both feet flat on the floor well behind the 

seating surface, placing the knees in approximately 100 degrees of flexion and the ankle 

in a moderate amount of dorsiflexion (Minor & Minor, 2006, p. 284).  The patient must 

then lean forward in a mass flexion pattern and press down into the vertical direction by 

contracting hip and knee extensors. This is best accomplished in a sweeping arc motion 

rather than a completely upright standing motion to facilitate the use of momentum in the 

maneuver (Guccione & Scalzitti, 2007, p. 527).  The patient is typically instructed to 

utilize the upper extremities for an upward push from the seating surface to lessen lower 

extremity demand and thus promote independence. Recent investigations by Etnyre & 

Thomas (2007) discovered varying force was required by persons rising to stand as 

determined by the use of upper extremity push-off from the seating surface. Persons 

utilizing the chair armrests when rising produced significantly less force through their 

lower extremities than did persons not using the armrests. The entire maneuver requires 

significant coordination and timing of motor responses and should be performed in a 

symmetrical weight bearing configuration if available. 
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Following examination of a patient’s ability to transfer, the physical therapist 

assigns one or more nominal descriptors to the level and type of required assistance to 

safely perform the transfer being described (Minor & Minor, 2006).  Several systems 

exist that attempt to quantify the necessary amount, type and level of assistance any 

patient might require for the transfer being evaluated (Guccione & Scalzitti, 2007).  Each 

system, regardless of the type chosen, utilizes descriptors involving the amount of patient 

or clinician required assistance necessary to safely complete the transfer.  The system 

utilized most commonly in physical therapist practice employs nominal descriptors 

derived from a range of ratio descriptors describing the percentage of active patient 

participation supplied during the maneuver. Student therapists are instructed to provide 

only the necessary amount of required assistance to successfully and safely complete the 

transfer in order to encourage patient independence with rehabilitation (Minor & Minor, 

2006, p. 199). 

Students of physical therapy are routinely taught in the means of patient 

instruction for preparation and performance of the transfer, assessment and assignment of 

nominal ratings of transfer abilities, and are generally assessed in their ability to correctly 

perform this basic physical therapy skill (A normative model of physical therapist 

professional education: Version 2004).  Successful completion of this skill and many 

other abilities are coupled with completion of the curriculum and subsequent graduation, 

thus ensuring quality of training in an effort to protect the public (Hand, 2006).  Beason 

(2005) established that a major determinant of successful completion in acquiring new 

clinical skills in nursing was the student’s commitment to learning the skill. Given that 
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this skill is required for the student to be successful in the curriculum, students are very 

likely to want to learn the material. 

The general rules associated with the instruction and proper demonstration of 

transfer maneuvers include the use of appropriate techniques during the maneuver. This 

mandate is employed namely for safety to protect the patient and care giver, thus 

decreasing the propensity for injury to both parties (Minor & Minor, 2006, p. 199). 

Additionally, the clinician must be instructed in proper use of equipment involved in the 

transfer, and maintenance of their own safe lifting posture throughout the transfer.  These 

techniques coupled with adequate preparation of the physical environment and provision 

of informative patient instruction help to ensure a safe and effective transfer for patient 

and clinician. A transfer belt should be worn by the patient securely about the waist to 

provide a secure point of contact and control for the therapist (Minor & Minor, 2006, p. 

199).    

 

Safe Lifting Practices 

Studies have shown that many health care workers suffer from back injuries at 

some time during their health care career (Engels, van der Gulden, Senden, & van't Hof, 

1996; Hignett, 1996; Lavender, Lorenz, & Andersson, 2007).  Several authors believe 

these injury prone professions are not due to lack of training, but rather are due to the 

lack of compliance when lifting (Hignett & Crumpton, 2007; Silvia, Bloswick, Lillquist, 

Wallace, & Perkins, 2002).  Still others believe that injuries may be the result of cultural 

factors (Hignett, 2003) such as the traditional health care worker practicing coping 

culture, putting the needs of the patient first and ignoring their own well being. Daraiseh 
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et al. (2003) believes that injuries may be influenced by working conditions with factors 

such as health care worker shortages affecting job satisfaction and ultimately linked to an 

increase in psychosomatic musculoskeletal complaints associated with the working 

environment.  

Khalil, Waly, Genaidy, and Asfour (1987) attempted to examine the differences 

between lifting techniques and a person’s own perceived lifting abilities. During the 

strength testing experiment, the study discovered that lifters are able to produce greater 

lifting effort (lift more weight) when employing postures which allow use of the leg 

muscles, also known as the straight back posture.  Through regression analysis, it was 

also discovered that the speed in which a lift is performed has pronounced effect on the 

level of load one may lift successfully.  

Both male and female physical therapists are expected to routinely perform 

physically demanding activities in everyday practice.  It then appears reasonable to 

investigate if subject gender might have an impact upon the study.  Khalil et al. (1987) 

discovered significant differences existed between maximum acceptable weight and 

acceptable maximum effort in both males and females, indicating that both genders tend 

to overestimate their lifting abilities. Given these findings, it appears the issue of lifting 

ability may be one of weight being lifted rather than one of particular gender. However, 

Khalil et al. reports perhaps a most revealing finding in that lifting posture variability had 

a non-significant effect on males lifting abilities, but a significant effect on female 

subjects lifting abilities. This finding supports the suspicion that females may be 

disadvantaged when assisting a patient of significant weight to stand.  It is unclear if body 

size has any significant impact; however, females are known to generally have a smaller 
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stature than males.  This notion of decreased female lifting ability is further supported in 

a study by Yueng, Genaidy, Deddens, and Lueng (2003) when it was determined that 

male workers are more likely to accept a heavy lifting task than are their female 

counterparts. These findings combined suggest the importance of maintaining postures 

which allow use of large muscle groups when lifting (bent legs with straight back 

posture) to maximize effort and ensure success, particularly true for female lifters. 

Maintaining proper body mechanics during transfer activities involves the 

therapist positioning their body in a manner which limits the stresses upon soft tissue, 

thereby limiting the chance of clinician injury. There are many lifting models described 

in literature (Cholewicki & McGill, 1992; Khalil et al., 1987; Perez & Nussbaum, 2006). 

Most models concentrate on two main types of lifts: the straight leg lift which implies the 

back is the hinge point, and the straight back lift employing lower extremity hinge.  It is 

generally accepted that the straight back posture or one that maintains the normal lordotic 

curve in the spine is the accepted method for lifting weights heavier than a few pounds 

(Genaidy, Waly, Khalil, & Hidalgo, 1993; Khalil et al., 1987; Wilson & Granata, 2003).   

The current study sought to determine if a main effect was present between the 

two instruction groups and their ability to properly execute the transfer utilizing postures 

shown to limit risk of lifting injury to the clinician. Because simple lifting is a complex 

behavior requiring more than a few performance criterions (Chang, Brown, Bloswick, & 

Hsiang, 2001), the concept of defining an acceptable posture is difficult for even the most 

accomplished researcher. 

When lifting an object, load is transferred from the object being lifted to the base 

of support of the person lifting. This transfer of force imposes an external moment on the 
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lifter’s extremity and entire kinetic chain. A moment tends to cause rotation upon the 

joint or joints being stressed, and is defined as M = r x F.  In this equation, r is the 

distance from the center of rotation from a segment, while F is the magnitude of force (in 

this case weight of the object being lifted) (Oatis, 2004).  To maintain an equilibrium 

position, the moment must be countered equally by soft tissue forces within the body, 

such as muscle contraction and ligamentous structures. External moments less than the 

soft structures ability to counter will result in a holding or lifting of the object, while 

moments greater than these structures abilities will result in no lifting or failure of the 

tissue opposing.  As moment is the product of distance and force, moment can be 

increased by increasing either of these values. 

Applying this moment principle to lifting in a transfer situation, the patient 

distance from the clinician equates to r, and the weight of the patient equates to F.  The 

external moment of these two products must be countered by opposing muscles to 

decrease the propensity for injury to the lifter, such as muscle strain or rupture. This can 

be accomplished by the clinician establishing their base of support as near to the patient 

as is possible, thus reducing the moment arm r.  This is supported by textbook examples 

in physical therapy describing instruction techniques for patient transfer (Minor & Minor, 

2006; Pierson, 1994) and in biomechanical literature (Arjmand & Shirazi-Adl, 2005). 

This posture assuming flexion of the hips and knees while maintaining an upright back is 

also preferred by professional power lifters (Arjmand & Shirazi-Adl, 2005, p. 2638).   

To define the acceptable lifting posture which can be objectively measured for the 

present study, a review of existing literature related to safety is necessary. Arjmand and 

Shirazi (2005) evaluated models during lifting to determine how lumbar flexion in 
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relation to the torso effected stability of the spine during lifting. The determination was 

made through electromyographic study that each individual lifter should be able to self 

select a freestyle posture for safe lifting as no two subjects resulted in equal safety when 

applying a goniometric absolute to body position. A neutral spine, neither lordotic nor 

kyphotic should be utilized, however moderate flexion (lordosis) was shown to decrease 

stresses on all structures collectively.  This conclusion is supported by textbook models 

(Minor & Minor, 2006; Pierson, 1994).  Thoracic postures of kyphosis have also been 

shown to increase intersegmental spinal loads and trunk muscle forces when lifting 

(Briggs et al., 2007).  

The U.S. Department of Health and Human Services, Center for Disease Control 

and Prevention has recognized the importance of limiting and reducing work force injury, 

and has produced the Applications Manual for the Revised National Institute for 

Occupational Safety and Health (NIOSH) Lifting Equation (Waters et al., 1993). In this 

document the recommended weight limit is defined for the worker through a specific set 

of seven task conditions, and is defined as follows: 

 

RWL = LC x HM x VM x DM x AM x FM x CM 

 

Where: 

1. RWL is the recommended weight limit. 

2. LC is a load constant of 51 lbs. (23 kg). 

3. HM is a horizontal multiplier, derived from the measure of distance the load is 

away from the lifter. 
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4. VM is a vertical multiplier, derived from the measure of distance the lifter’s 

hands elevate the object from beginning to end. 

5. DM is a distance multiplier, derived from the measure of distance the lifter 

must travel carrying the load. 

6. AM is an asymmetric multiplier, derived from an angular measure of how the 

lifted object is displaced from the front of the lifter. 

7. FM is a frequency multiplier, derived from the average frequency the lift is 

performed over a 15 minute period. 

8. CM is a coupling multiplier, derived from a classification of the quality of the 

lifter’s hand-to-object coupling. 

 

Each task variable multiplier is determined from tables supplied by NIOSH. 

Multipliers for each variable are computed from a linear table and applied to the RWL 

equation.  From the RWL, a Lifting Index (LI) can be computed as follows: 

 

LI = Load Weight / RWL 

 

The initial purpose of the NIOSH Lifting Equation was to encourage the design of 

lifting tasks within the workplace that allow workers to operate at levels which would 

reduce propensity to lifting injury. Initially, the level computed for an employee’s LI was 

determined to be at or less than 1.0 as derived from the seven factor equation (Sesek et 

al., 2003).  Sesek et al. (2003) believed this 1.0 measure to be too limiting and 

conservative, and investigated the ability of the NIOSH Lifting Equation to measure the 
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risk of low back injury through a post-hoc investigation verified by employee health 

outcomes. Through analysis of LI relation to report of injury, the study research 

concluded that the NIOSH equation was able to be modified for particular lifting 

conditions being evaluated, and that researchers could significantly reduce variables 

having no impact on the LI (those resulting factors within the RWL having a multiplier of 

1.00) without removing the measure’s predictive ability. The research also concluded that 

for healthy, intermittent lifting tasks, the LI of 1.0 was too limiting. Sesek et al. (2003) 

found that workers could safely perform in conditions of highly stressful lifting safely, 

and that only lifting tasks exceeding an LI of 3.0 would place most workers at increased 

risk of work-related lifting injury.     

Given the findings of Sesek et al. (2003), the present study has several multipliers 

which are not of value to examine when determining the subject’s RWL. Three 

conditions most notable to the present study being investigated fall under the purview of 

the RWL: the HM, the VM and the CM. These correlate to the distance a lifter should 

have one’s hands away from the mid-point of the feet when lifting, the distance one’s 

hands should be above the floor during the lift, and the coupling of clinician to patient. 

Combined, the HM and VM define the posture of the lifter as being in the preferred 

position of the squat, maintaining the hands near the center of the lifter’s mass. To 

assume a straight leg posture during lifting would increase the moment arm upon the 

torso, thus reducing the lifting capacity according to the equation.  To control the three 

variables in a manner which maintains the LI at a value less than or equal to 1.0 should 

constitute a safe lifting posture for any lifting study. 
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Beginning with the HM, the distance the lifter is away from the load, NIOSH 

suggests that any value less than or equal to 10 inches (25.0 cm) constitutes no increased 

risk thereby assigning a value of 1.00 (Sesek et al., 2003; Waters et al., 1993).  Any 

deviation in the lifting procedure that causes the lifter to be more than 10 inches (25.0 

cm) away from the load at any time during the lift will result in a decreased HM 

multiplier. Because maintaining the load nearer the body is preferred for safety, the 

multiplier only decreases for values greater than 10 inches (25.0 cm).  No reduction is 

assessed for values less than optimal. For example, if the lifter is found to be just 12 

inches (30.5 cm) from the load during the lift, the HM multiplier would be applied at a 

value of 0.83 rather than the applied 1.00 associated with optimal distance. This factor 

then reduces the RWL and subsequently increases the LI.  This is translated as being able 

to safely lift less weight under the described conditions than was previously able at the 

optimal HM. The HM distance is most closely depicted by a measurement of the center 

of mass between clinician and patient when lifting. A complete listing of the HM values 

is located in Appendix A. 

The distance of elevation (VM) is the height that the load is carried at any point 

from origin to destination, and is measured from the midpoint of both large middle 

knuckles to the floor. This optimum height for lifting is 30 inches (75 cm), therefore the 

value of VM decreases linearly for any value above or below this position. Like the HM, 

any value deviating from the optimum results in an application of a smaller value for 

calculating RWL. Because the VM is affected by position relative to the optimum height, 

it decreases linearly with any measurement above or below the optimal height, applying 
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the multiplier value at the point which the load is furthest from optimal.  A complete 

listing of the VM values is located in Appendix B. 

The coupling multiplier (CM) is established by examining the hand-to-object 

coupling or gripping method. A good CM determination comes from an interface which 

reduces the maximum grasp forces required during lifting, which in turn allows 

additional lifting force to be applied. The classification of good receives a multiplier of 

1.00, fair a value of 0.95 and poor a value of 0.90. For the present study, a transfer belt as 

suggested by physical therapy education literature (Minor & Minor, 2006; Hignett & 

Crumpton, 2007) was utilized and according to NIOSH classification qualified for a 

classification of good interface and a multiplier of 1.00. 

Applying Sesek et al. (2003) findings to the present study, the LI equation can 

now be reduced to one Load Constant (LC) and two main variables of study when 

determining lifting safety, the Horizontal Multiplier (HM) and the Vertical Multiplier 

(VM). The modified RWL equation including the two variables of interest is as follows: 

 

RWL = LC x HM x VM 

 

This formula was utilized to calculate the RWL and resultant LI for the present study.  

 

Studies Involving the Sit-to-Stand 

  The sit-to-stand maneuver has received some attention in clinical research, 

mainly through the association of the time required to come to standing as a measure of 

lower extremity strength (Chandler, Duncan, Kochersberger, & Studenski, 1998; Csuka 
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& McCarty, 1985; Schenkman, Hughes, Samsa, & Studenski, 1996).  Only a moderate 

association has been shown to exist between the time required to come from sit-to-stand  

and lower limb strength (Lord, Murray, Chapman, Munro, & Tiedemann, 2002).  Other 

uses of the sit-to-stand measure have included assessment of proprioception in patients 

following neurological injury (Hesse, Schauer, Petersen, & Jahnke, 1998), determining 

risk for falls (Campbell, Borrie, & Spears, 1989; Nevitt, Cummings, Kidd, & Black, 

1989), postural control (Lord et al., 2002), balance (Whitney et al., 2005), and for 

measurement of disability (Gill, Williams, & Tinetti, 1995; Guralnik, Ferrucci, 

Simonsick, Salive, & Wallace, 1995).   

A dearth of research exists relating to assessment of the sit-to-stand maneuver; 

however several researchers have chosen to examine the biomechanics of rising to stand 

(Alexander, Gross, Medell, & Hofmeyer, 2001; Hughes & Schenkman, 1996; Schenkman 

et al., 1996; Etnyre & Thomas, 2007).  The clinical application of such studies to 

rehabilitation has been limited. One author (Judge, Schechtman, & Cress, 1996) applied 

the foundations to function suggesting that functional activities of daily living in the 

geriatric client is related to the time it takes to rise to stand from sitting.  The concept of 

utilizing evaluation of a patient’s ability to transfer in the sit-to-stand maneuver as a 

dependent variable as an outcome measure to educational techniques is unique in the 

scientific literature,  

 In a study utilized as a precursor to the present study of interest, Brueilly et al. 

suggested and investigated an assessment which was shown through correlational 

relationship method to be valid in both the task being studied and in the subject 

population. Through assessment of active mock patient assistance, entry-level student 
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physical therapists were shown to demonstrate strong linear relationships between 

estimated and measured amounts of assistance in the sit-to-stand maneuver. This study 

suggests that student physical therapists are relatively successful at assessing levels of 

patient active participation in standing from a sitting position, a dependent variable being 

measured in the present study.  

 In summary, the sit-to-stand maneuver is a complex skill to perform and often 

more multifarious to teach, however is a basic skill inherent to the entry-level physical 

therapy curriculum.  Students of physical therapy are routinely expected to learn and to 

perform the complex psychomotor skill with proficiency both as a student and as a 

practitioner. Significant clinician harm can result if performed improperly, as is evident 

with past research related to occupational injury of health care workers.  The application 

of research is limited in the field of transfers, but has been effectively utilized to 

determine proficiency in students of physical therapy.    

 

Asynchronous Distance Education 

 Prior to the technology explosion of the late twentieth century there were few 

delivery methods available to the educator, with most teaching and learning occurring 

through the traditional physical classroom presence by student and teacher.  According to 

the latest data released by the National Center for Education Statistics (Waits & Lewis, 

2003) during the 2000-2001 academic year 55 percent of all college-level, degree-

granting institutions within the U.S. offered distance education courses, with more than 3 

million estimated enrollments utilizing distance education courses.  Computer-assisted 

instruction in education has been shown to increase effectiveness in student learning of 
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the biomechanics of the tempromandibular joint when compared to lecture only (Boucher 

& Hunter, 1999).  Health professions have been effectively utilizing the same technology 

for educational means with use by physicians for continuing medical education (Sargeant, 

Curran, Allen, Jarvis-Selinger, & Ho, 2006), by nursing for graduate education (Halter, 

Kleiner, & Hess, 2006), and by physical therapy for continuing education (Maeno, Fujita, 

& Iwatsuki, 2004; Swisher & Mandich, 2002).  Halter et al. (2006, p. 104) suggest that 

the trend toward distance learning will continue in prominence and acceptability in 

nursing education. 

Distance education can be offered in one of two ways to the learner, through a 

synchronous or asynchronous manner (King et al., 2006). Synchronous instruction is 

represented by a learner being present at the same time as the instructor, although these 

may be at separate locations. With synchronous instruction the “same time, different 

place” learning may occur by means of video conferencing, allowing communication in 

real time from instructor to student and vice versa. 

Asynchronous instruction occurs with the instructor and student being separated 

by both time and geography.  This “different time, different place” learning is fully out of 

synchrony and typically accomplished through the use of email and discussion boards. 

The medium of distance education offers many advantages to the traditional 

method of face-to-face instruction, namely the ability to reach a student in areas away 

from the classroom and in a time which may be more convenient to both teacher and 

student (Sparling, 2001). However, other advantages exist that may assist the transfer of 

learning in a manner that previously had not been possible.  Distance education can 

provide opportunities for those students who may not otherwise have the availability of 
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such instruction due to proximity, schedule, cultural boundaries, societal barriers such as 

lack of child care, or personal fear such as group avoidance (Caffarella, 2002).   

Distance education can allow a student who may have a preferred learning style 

the ability to thrive by seeking the preferred learning medium, thus enhancing learning 

outcomes. DiBartola, Miller, & Turley (2001) discovered that learning style can have a 

positive effect on a student’s ability to effectively utilize the medium of distance 

education.  Others (Johnson & Mighten, 2005) have found that the use of printed notes 

utilized in conjunction with structured group discussion, such as is available with 

distance education, was superior in learning outcomes to lecture only in nursing 

education.  Smith (2005) explored learner’s experiences in online education through a 

qualitative case-study and concluded that small online group discussions had similar 

dynamics to that of a face-to-face small group discussion.  

Care must be exercised not to presume that all students will have superior 

learning outcomes in a distance education format.  The teacher appears to have a 

significant effect on outcomes when utilizing distance-based education as it has been 

shown that facilitators require enhanced skills to engage learners in meaningful 

discussion to facilitate learning (Sargeant et al., 2006).  Smith, Jones, Cavanaugh, Venn, 

and Wilson (2006) found that physical therapists students return demonstrations were 

improved when learning psychomotor skills via computer-assisted instruction versus live 

demonstration. This study, however, introduced what could have been a confounding 

variable of instructor led practice and feedback in both groups. Others (Thurmond & 

Wambach, 2004) suggest the importance that faculty involved in web-based course 

teaching must provide quality feedback in a timely manner to offset the lack of face-to-
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face interaction.  Hayward (Hayward, 2004) observed that web-enhanced instruction can 

foster deeper thinking regarding assignments and allow students to view their thinking in 

comparison to others when collaborating on-line in a discussion format, but also 

cautioned that not all assignments are suitable for the electronic medium.   

Through an exhaustive analysis of medical and educational literature, Cook 

(2005) determined that teachers developing web-based instruction must consider 

assessing and adapting to accommodate the learners they will be teaching in the medical 

field so as to meet the cognitive and learning styles of all students. This could be 

accomplished through the multi-media approach afforded by web-based instruction, 

providing educational materials in many formats and allowing the learner to choose 

which method they prefer to utilize (Lee & Owens, 2004).  This multi-media approach, 

although requiring substantial planning and preparation on the part of the teacher, 

provides a multitude of delivery mediums for instruction.  The alternative of distance 

education has afforded the health care community an opportunity to tackle the issue of 

educating additional students in an effort to address shortages in health care providers.  

Nursing has led the way, investigating virtual reality and virtual communities of learning 

(R. Simpson, 2006).   

The question remains whether the distance education model can be effectively 

utilized to train entry-level health care practitioners in psychomotor skill. It has been 

suggested that online learning has applicability to professional groups (Moule, 2006), but 

to date, web-based instruction has been limited to enhancing skills of practicing 

clinicians. Substantial work has occurred related to the study of haptics within the field of 

medicine and the use of surgical instruments (Morgan & Cleave-Hogg, 2005; Thomson, 
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Heuschkel, Donaldson, Murch, & Hinds, 2006) and continues to increase in use.  At 

present no research related to instructing entry-level psychomotor skill in a distance 

format in physical therapy is available.  

 

Teaching with Technology to Fill a Void 

 It has been suggested that the best way to reduce costs associated with health care 

in the U.S. is to reduce the demand for care through patient self-efficacy, behavior 

modification and long-term management of health (Fries, Koop, Sokolov, Beadle, & 

Wright, 1998).  The National Institutes of Health (NIH) has agreed with this premise, 

stating that because the cost of treating end-stage disease is so costly, the nation’s health 

rests in the ability of health care providers to pre-empt illness through molecular 

knowledge and behavioral interventions (Zerhouni, 2006).  Additionally, there presently 

exists a disparity in health care demonstrated through an inefficiency and ineffectiveness 

of health care systems to reach the poor and disadvantaged in the U.S. population 

(Gwatkin, 2001).  As suggested by Simpson (2006) and by Tilleczek, Pong, & Caty, 

(2005), shortages in health care providers such as nurses can be augmented through the 

use of distance education methods to those in the rural community. Previous study 

utilizing a hybrid of web-based and traditional face-to-face pedagogy has yielded 

improved outcomes in nursing education course grades (Kumrow, 2007).  Because 

physical therapists are considered to be the experts in exercise of patients, methods that 

could stimulate training that reach beyond the classroom could also be used to fill the 

void of practitioner vacancies and possibly even bolster learning outcomes. 



                                      Texas Tech University, Kevin E. Brueilly, May 2008        

 49   

 Distance education has been recognized as valuable, however the majority of 

publication relates only to the use of computer-assisted instruction (CAI) as an adjunct to 

classroom learning. One promising study recently completed by Salyers (2007) involved 

a comparison of learning outcomes in nursing students that demonstrated web-enhanced 

instruction allowed students to perform better on a final cognitive exam than those not 

participating in the web-assisted education. Students in the web-enhanced group also 

demonstrated improved scores on the psychomotor skill evaluated; however statistical 

significance was not achieved.  The author concluded that the improved outcome was the 

direct result of more time available to practice psychomotor skills within the nursing 

curriculum, aiding the students in an improved ability of cognitive understanding.  Final 

conclusions included that a web-enhanced approach to teaching psychomotor skills can 

provide a valid alternative to a traditional lab format.  

 The interest in web-assisted instruction is prevalent in physical therapy education. 

A survey instrument sent by Beth Simpson (Simpson, 2003) found that in 95.2% of entry-

level physical therapy programs favorably embraced the use of web-enhanced instruction. 

Computer-assisted instruction was shown to be as effective as live demonstration and 

more effective than textbook instruction in student physical therapist’s ability to perform 

on a written examination and on an assessment of psychomotor skill (Ford, Mazzone, & 

Taylor, 2005).  Conclusion of the study suggests that CAI and live demonstration were 

equally effective strategies at transferring instruction in musculoskeletal testing skill, as 

evaluated by grading rubric.  The study appears to be lacking in rigorous objective 

evaluation techniques of learning. 
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 Physical therapy educators in Japan touted the use of videoconferencing in 

education of therapists, and attempted to investigate the use of video-conferencing to 

instruct students in the psychomotor skill of assisting a standardized patient to sit, stand 

and walk with a cane (Maeno et al., 2004).  This study demonstrated that students of 

physical therapy can learn through synchronous education when prompted by their 

instructor in a live situation. 

 

Summary 

 Investigation into the process of acquiring psychomotor skill involves the 

understanding of various applicable learning theories, evaluation of appropriate practice 

and feedback models, and appropriate assessment of learning which is most applicable to 

the task under investigation. The psychomotor skill of assisting a patient to transfer from 

sit-to-stand requires a multitude of cognitive and psychomotor processes to achieve the 

task correctly, but is a common skill required of entry-level physical therapy students. In 

an effort to better serve the health needs of the U.S., many have suggested and 

investigated the role distance education may play in training future health care 

practitioners. Limited investigation exists into the effectiveness of transferring a 

psychomotor skill through distance education methods. Further investigation into the 

ability to teach and acquire psychomotor skill for the entry-level physical therapy student 

is necessary given the high reliance upon such skill necessary to effectively practice in 

the field of physical therapy. 
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CHAPTER III 

RESEARCH DESIGN AND METHODOLOGY 

 

Introduction 

The purposes of this study were to determine if entry-level physical therapy 

students instructed through an asynchronous distance learning environment can acquire 

and perform a psychomotor skill common in physical therapy practice effectively and 

safely as compared to students being prepared through traditional lecture and lab 

instruction, and to determine if subject/patient gender pairing has any impact upon the 

subject’s ability to acquire and perform the psychomotor task.  Additionally, the study 

investigated if relative sizes of patient to subject affects the ability to assess assistance 

levels or maintain safety when lifting. Following is a description of the design and 

methodology employed to investigate the stated purpose and answer the research 

questions posed. 

 

Research Design 

For this study a Multi-Factorial (Randomized Block) Design (2 X 3) was utilized. 

Subject gender was the Blocking Variable. Additionally, bivariate correlation analysis 

was employed. 

 

Dependent Variables 

1. The difference between the subject’s rated percentage of active participation 

provided by the patient versus the patient’s active participation percentage as 
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calculated by measurement of vertical ground reaction force recorded by a force 

plate. 

2. The calculated NIOSH Lifting Index (LI) of each trial, a composite analysis 

derived by examination of body position and the amount of weight lifted during 

transfer. 

 

Independent Variables with Levels 

1. Educational method (2 levels) 

  1a. Traditional- Lecture Lab 

  1b. Experimental- Asynchronous Distance Learning Environment  

2. Subject / Patient gender (3 levels)  

  2a. Same gender (Male Subject and Patient; Female Subject and Patient) 

  2b. Differing gender 

   2b1. Male Subject / Female Patient 

   2b2. Female Subject / Male Patient 

 

Sample Selection 

 A sample of convenience was recruited from entry-level Master of Physical 

Therapy (MPT) program students at Texas Tech University Health Sciences Center 

(TTUHSC).  First year MPT students volunteered after receiving instruction in the 

planned study and granting their informed consent.  Subjects were blocked by gender and 

then randomly assigned by use of a table of random numbers into one of two equal 

groups based upon the planned instructional method.  Each subject had an equal chance 
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of being assigned to control (traditional face-to-face lecture/lab instruction) or to the 

experimental group (asynchronous web-based instruction). All MPT1 students were 

offered the opportunity to participate. The subjects’ decision to participate had no effect 

upon their academic status in any course. There was no benefit or compensation offered 

or provided to any subject for taking part in the study.  

 

Inclusion Criteria 

      Included in the subject pool were first year Master of Physical Therapy students 

(MPT1) beginning studies at Texas Tech University Health Sciences Center.  This group 

was chosen for its probability of lacking formal education in the skill being assessed. 

 

Exclusion Criteria 

Any subject meeting any of the following conditions was excluded from participation. 

1. Any physical condition which could render them at risk of lifting injury when assisting 

a person to standing (i.e. back injury, pregnancy).  A pre-existing questionnaire was 

administered to screen and detect individuals at risk. A copy of the questionnaire is 

located in Appendix C. 

2. Previous formal professional instruction in transfer techniques or assessment (i.e. 

physical therapist assistant training, occupational therapist training). 

3. Language, physical or mental condition which may render any of the teaching of 

posture and lifting techniques ineffective (i.e. hearing impaired, visually impaired). 
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Protection of the Rights of Human Subjects 

 This study was performed in compliance with all necessary procedures as 

required for protection of the rights of human subjects by the TTUHSC Human Research 

Protection Office. Permission to proceed was granted by the TTUHSC Institutional 

Review Board (IRB) prior to any subject recruitment and data collection.  A copy of the 

IRB approval form (Approval of Research Study) is located in Appendix D.  The study 

was modified after initial approval. All modifications were approved by the IRB, with a 

copy of the addendum approval located in Appendix E. A copy of the IRB approved 

consent form (Consent to Take Part in a Research Study) is located in Appendix F.   

 

Instruction Procedures 

The study utilized a comparison of two education methods.  The method studied 

as a control included the presently used practice in physical therapist education for 

teaching a psychomotor skill, an instructor led face-to-face lecture followed by laboratory 

practice. The use of present standard practice for comparison is a widely accepted 

practice in research that precludes a true placebo control (Portney &Watkins, 2009). The 

experimental group received instruction solely through an asynchronous networked 

learning environment (distance education).  Following instruction by the principal 

investigator, a full-time faculty member in the MPT program, all subjects were assessed 

through means of objective testing measures to determine their ability to properly and 

accurately perform the planned psychomotor skill.  A comparison of outcomes between 

the two groups provided useful information concerning the effectiveness of the 

experimental education method.  The dependent variable to determine subject accuracy of 
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assessment was the difference between the subject’s rated percentages of body weight 

versus the patient’s active participation percentage of body weight as measured by 

recorded a vertical ground reaction force plate. The dependent variable to assess safety in 

performing the psychomotor skill was the subject’s NIOSH Lifting Index as computed 

post-trial from video images obtained during each trial.  Following is a more in-depth 

description of the processes utilized. 

Following recruitment, subjects were blocked by gender in an attempt to establish 

homogeneity in groups and then randomly assigned to one of two groups, experimental or 

control. Both groups received approximately 33 minutes of total instruction. Instruction 

included a review of safe lifting techniques, estimating percentage quantification of 

active patient participation during the sit to stand transfer, and planned study flow with 

reporting procedures.  Instruction also included a brief demonstration of proper transfer 

technique and common student faults during the transfer maneuver of sit-to-stand. All 

instruction was provided by the principal investigator.  A copy of instructional materials 

supplied to both groups is contained in Appendix G. 

The control group received the educational portion through the traditional lecture 

and lab format instruction, consisting of the above described material. This lecture was 

videotaped to be used later with the experimental group. An open laboratory practice 

session immediately followed the instruction. Subjects practiced the sit-to-stand transfer 

voluntarily, and were encouraged to stay as long as they desired. The session lasted 

approximately 5 minutes and was discontinued when no subjects remained. A few 

subjects asked verbal questions and answers were provided related to the technique and 

assessment of the transfer.  This completed the control groups education session. 
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The experimental group received the same instruction as the control group, 

watching the same videotaped lecture portion. The instruction was provided in an 

asynchronous networked learning environment dedicated to instruction for this study.  

This was achieved by way of logging on to a secure web-based learning network to 

which the experimental group had exclusive access (distance education). The instruction 

was provided in an asynchronous method via the use of WebCT (Blackboard, Inc.; 

Washington, DC). Students were given approximately seven days to log in at their 

convenience to watch the videotaped instructional session provided to the control group.  

Subjects had the ability to self-regulate the pace and continuity of instruction as it was 

made available to them at will. Subjects in the experimental group were encouraged to 

communicate with others from their group by way of WebCT communication discussion 

board concerning any questions concerning the skill instructed. Following completion of 

instruction, subjects from both groups were encouraged to practice only with persons in 

their assigned group so as not to promote collusion.  Several other communications 

cautioning against practice or discussion outside their assigned group were given to all 

subjects during the approximate two week period between beginning instruction and end 

of testing. 

The principal investigator ensured that all subjects in the experimental group had 

viewed the training material prior to testing by auditing each subject’s login history to the 

WebCT system. One subject was verified as having viewed the instructional video by 

verbal questioning, as it was discovered the subject had viewed the video concurrently 

with another subject from the experimental group. 
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Data Collection Procedures 

Approximately 1-2 weeks after instruction, all subjects were tested by transferring 

mock patients from sit-to-stand in a research laboratory setting.  Four trials from each 

subject were captured with the subject assisting a patient to stand.  The five (5) mock 

patients used throughout the study were the same persons utilized in a pilot validity 

study. Each of these patients had demonstrated proficiency in emulating various levels of 

assistance required to stand from a sitting position (Brueilly et al.). Measurements of 

present study data involving transfer assistance were acquired through each subject 

assisting the patient from a sitting to a standing position. During the transfer the subject 

was instructed to mentally note their estimate of the patient’s active participation in 

transfer. Following completion of each trial, the subject immediately recorded data in a 

percentage of body weight (% rated) on a supplied recording form. A copy of the subject 

recording form is located in Appendix H.  Patients involved in the study were previously 

instructed to attempt to emulate the percentage of active participation (in percent body 

weight) described for each particular trial during the transfer maneuver.  

 

Testing Procedure 

Subjects were scheduled for testing on one of two consecutive Fridays, planning 

4-7 subjects per testing hour.  Each subject was ushered into the testing area by an 

assistant.  The subject’s age, height, and weight were measured and recorded (without 

shoes). The subject was provided personal instruction by the principal investigator 

regarding the procedure for beginning and ending of each trial and precautions of not 

contacting the surface of the force plate reserved for the patient. The investigator also 
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explained that they were to estimate the amount of assistance required by the patient to 

stand and immediately record their estimation on the supplied documentation form.  The 

subject was given an opportunity to have any questions answered prior to beginning or 

throughout the testing process. A few students asked questions related to the sit-to-stand 

transfer maneuver, but they were told that their question could not be answered and that 

they should rely on their own learning supplied from the instructional method.  No 

instruction in the lifting procedure was supplied at testing.  

The persons serving in the role of mock patient were immediately available with a 

standard transfer belt in place. A total of five patients was used for the study, each having 

served in this role during previous study, and shown to be proficient at emulating 

assigned amounts of active assistance in the sit-to-stand maneuver (Brueilly et al.).  Three 

patients were female (ages 23, 24, and 27) with body weights ranging from 120-138 

pounds (54.5-62.7 kg). Their heights ranged from 66-69 inches (167.6-175.2 cm), and 

their body mass index (BMI) calculations were 17.7 (underweight), 21.6, and 21.8 

(normal), as computed according to the Centers for Disease Control and Prevention Adult 

BMI method (2007). Two male patients (ages 24 and 28) also volunteered for the study, 

with body weights of 149 and 195 pounds (67.7 and 88.6 kg). The two males were 

measured at 70 and 71 inches (177.8 and 180.3 cm) in height, and body mass index 

calculations of 20.8 (normal) and 28.0 (overweight). 

The subject assigned for the upcoming trial was confidentially shown a document 

by the investigator, describing a pre-assigned level of assistance in percentage of body 

weight which they were instructed to attempt to emulate during transfer.  The model used 
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and the percentage of assistance the patient was to emulate were varied by the principal 

investigator and were mixed through trials based on pre-assigned patient gender.    

Patient gender and assistance levels were blocked previous to the study beginning 

so as to collect an adequate number of trials for each of the situations assessed 

(educational method group, subject/patient gender pairing, level of emulated assistance). 

Each subject was tested while assisting a patient of their same gender during at least one 

of the fours trials. Each subject also was tested while assisting a patient different from 

their gender in at least one of the four trials. The remaining two trials varied in the gender 

of subject assessed.  The amount of assistance the subject was to attempt to emulate was 

chosen based on present assessment guidelines in a commonly used physical therapy 

textbook discussing levels of assistance during transfer training (Minor & Minor, 2006).  

Quantifying a patient’s required level of assistance is to be done in the initial 

examination by a physical therapist. Objective measurement of activity levels in transfer 

is achieved through an estimation of active patient participation supplied during the 

activity being evaluated and then equating the required assistance to a corresponding 

nominal descriptor. The nominal levels are arranged in incremental units, with a patient 

requiring minimal assistance defined as a patient supplying at least 75% of the activity.  

A patient requiring moderate assistance is defined as a patient that supplies at least 50% 

of the activity. Maximum assistance is defined as a patient able to perform less than 25% 

of the activity.  Minor & Minor (2006) do not assign a nominal descriptive level to a 

patient that supplies more than 25% but less than 50%, however most other textbooks of 

physical therapy equate this level to be included in the moderate assistance descriptor 

(Pierson, 1994; Guccione & Scalzitti, 2007). 
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The present study evaluated all levels of assistance and utilized the mid-point of 

each of the described assistance ranges, assigning 12%, 37%, 62%, or 87% to each trial. 

Each of the four values were assigned to be emulated with every subject during their four 

trials, however their order was varied in a randomized fashion.  Subjects did not know 

what values were chosen for assignment, only that the patient would be requiring some 

assistance to stand and that they were to estimate the necessary assistance for each trial. 

Patient models did not have information as to which educational group any subject 

belonged, as control and experimental subjects were intermingled during scheduled 

testing dates and time blocks. 

  Patients assumed a seated position in a chair without arm rests, both feet resting 

entirely upon a force plate (Model 4060-10-2000, Bertec Corporation) embedded and 

flush with the surrounding floor.  Seating surface height of the chair was standard height, 

48.5 cm (19.1 inches) from the floor.  Subjects were positioned in a typical fashion 

associated with assisting a person to standing, straddling the patient’s lower extremities.  

Figure 1 depicts the positioning of subject and patient utilized during the instruction of 

subjects.  
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Figure 1.  Instructed positioning of subject and patient 

 

The patient and subject were instructed that the patient was to sit on the chair with 

their feet only on the force plate surface while the subject straddled the force plate with 

one foot on either side of the force plate. The subject then gave the patient their own self-

chosen version of directions to stand. The patient then began to stand. Special attention 

was taken to ensure that the subject did not contact the force plate during transfer.  If it 

was determined that the subject contacted the force plate during testing the trial was 

repeated until accomplished without contact from the subject. 

The subject provided only the necessary amount of required assistance to raise the 

mock patient to standing as is customary with patient participatory transfer assistance 

(Minor & Minor, 2006).  Vertical ground reaction force (GRF) data were sampled (600 

Hz) using a Peak Performance Analysis System Motus 9.0 (Vicon/Peak, Centennial, CO). 

During the sit-to-stand maneuver, the patient attempted to emulate the pre-assigned 
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amount of patient active participation.  Once fully upright, the investigator stopped the 

trial by verbal command.  The subject and patient were blinded to the recorded trial data 

and did not receive feedback of results until all testing for the study was complete.    

The GRF (representing the patient’s effective weight plus movement 

accelerations) during the transfer maneuver was recorded in real time and stored for 

subsequent analysis. The subject recorded on paper their estimation of the patient’s active 

participation supplied in a percentage of the overall weight (% rated). Subsequent trials 

then followed in the same fashion. The second, third, and fourth trials also utilized a pre-

assigned randomized level of assistance in percentage as was done in the first trial.  The 

subject was then dismissed. Because of randomization, subjects may have encountered 

the same or differing patients, but each subject performed at least one trial with a patient 

of their same gender and one trial with a patient of their opposite gender.  

Two-dimensional sagittal plane kinematics were also obtained during the 

maneuver. Video images (120 Hz) were recorded (Peak Motus System; Punix TM-6703 

cameras, Sunnyvale, CA) and synchronized to the GRF data during each trial of sit-to-

stand. Recording was made from a lateral view of the subject and patient.  A series of 

nine reflective markers were utilized to produce a segmental outline of body position of 

the subject and the approximate center of mass of the patient during transfer.  

One marker was utilized to estimate the center of mass of the patient. The body’s 

center of mass is located at approximately the second sacral vertebra (S2) (LeVeau, 

1992).  Previous studies have employed the practice of placing markers on the posterior 

surface of the sacral vertebra (Mayer, Kondraske, Beals, & Gatchel, 1997), however this 

practice does not accurately depict the body’s center of mass as the center would not be 
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posterior to the body when the subject is upright or in a forward bent position (Oatis, 

2004). . To allow a more valid reference point for measurement of each patient’s center 

of mass, the patient was fitted with one reflective marker at the anterior-posterior midline 

of the torso at the level of the second sacral vertebra.  The S2 was found by palpation of 

the posterior superior iliac spine, as it equates to the level of the S2 spinous process 

(Dutton, 2004) (pg. 1301), followed in a coronal plane to the approximate midpoint of the 

anterior-posterior hip, and a reflective marker was attached. From this S2 marker, an 

estimation of the patient’s center of mass during sit-to-stand could be recorded and 

subsequently utilized for measurement of the distance the lifter remained from the 

patient’s center of mass. 

Although this method may be acceptable for the estimation of the body’s center of 

mass in the static standing, also known as the anatomical position, this method does not 

adequately estimate the center of mass during motion (Winter, 2005). Therefore, 

estimated center of mass position was calculated using anthropometric data (Winter, 

2005). This method was chosen as it was expected to be a more accurate assessment of 

the body’s center of mass during movement, as the subject was traveling in a sagittal 

plane during testing.   

Reflective markers were positioned on the subject at six primary points of 

interest. These six points included: (a) shoulder, (b) elbow, (c) wrist, (d) hip, (e) knee, 

and (f) ankle.  Additionally, two markers of fixed length were positioned on the subject’s 

lower leg for a known distance reference to be used for adjustment and verification of 

scaling. These eight reflective markers were utilized to estimate the subject’s center of 

mass during the transfer. Because the video recording produced only a segmental outline 
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through the use of reflectors no subjects were identifiable. The inability to identify 

individual subjects was congruent with IRB requirements.   

 

Data Reduction and Analysis 

The vertical GRF and video recordings captured during each trial were utilized to 

determine the accuracy of the subject’s estimation of patient assistance with each trial 

and their lifting position to determine effective demonstration of the skill under 

investigation.  The peak force value supplied by the patient during the transfer was 

identified by analysis of the vertical acceleration of the subject’s reflective markers and 

through vertical GRF data.  This peak force was used to calculate the amount of patient 

assistance employed to stand and expressed it as a percentage of known body weight.  

This percentage was then compared to the subject’s estimation of patient active 

participation, recording the absolute value of the difference for each trial.  These values 

were then used to calculate for differences between groups.  

After completion of all trials, the visual recording and GRF data were cropped 

from the initial ten second recording of the lift procedure to a more manageable segment, 

containing only the actual lift procedure. This resulted in a video and data set of 

approximately 2.5 seconds for each trial, containing the GRF representing the amount of 

participation provided by the patient was quantified from the force-time history. 

Reflective markers were then low-pass filtered (4th order, 2-pass Butterworth; 6 Hz). 

Markers were then used to calculate the y-velocity of the patient’s pelvis marker and the 

subject’s wrist marker. The y-acceleration was then calculated from the y-velocity. The 

reflective markers composite was then utilized to calculate segment and total body center 
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of mass position. Kinematic variables of distance from subject to patient center of mass 

and height of subject’s wrist were then calculated.  

From the center of mass calculation, the distance between the subject and 

patient’s center of mass (S2) during peak active transfer assistance was recorded in 

centimeters for each trial.  This was accomplished with the assistance of the Peak 

Performance Analysis System and a custom Matlab (v. R2006b; The MathWorks, Inc; 

Natick, MA) analysis tool.  From this measurement, the Horizontal Multiplier (HM) 

value was derived from a table with corresponding value of the distance the lifter was 

away from the weight during the lift. Additionally, the reflective marker located on the 

subject’s wrist was measured electronically for the distance from the floor during peak 

active transfer assistance to standing. This measurement provided the vertical multiplier 

(VM), also derived from a table with a value corresponding to the measured distance.  

Having all data points necessary to compute the RWL from the NIOSH equation, 

simple mathematical calculations provided useful information related to lifting position 

during the maneuver.  The RWL was then used to calculate the Lifting Index (LI) for 

each trial. Load Weight (LW) was derived from the vertical GRF, being the measured 

amount of lift provided by the subject.   This was computed as the difference between the 

measured GRF for that particular trial, subtracting the subject’s known weight. The final 

LI was recorded in numerical ratio data, rounding off to two decimal places. 

Vertical GRF variables were then extracted and scrutinized to determine the 

instant the maximum force to stand was supplied by the patient. This determination was 

made with the assistance of several data readings which were recorded during the trial, 

utilizing vertical GRF and vertical accelerations of subject and patient. Vertical ground 
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reaction force data were scaled and exported from the Peak system to text files and then 

imported into the custom Matlab program. A sample of synchronized GRF data with 

patient pelvis and wrist position, velocity, and accelerations is provided in Figure 2.    

                                                                                                                                                                        
Figure 2.  Sample of Synchronized vGRF data with Patient Pelvis Position and             

Vertical Accelerations  
 

 
 

Because accelerations present during the movement influenced the magnitude of 

the GRF values, a theoretical model was derived and applied in an effort to estimate the 

instant when acceleration (other than gravity) would be theoretically zero.  This model 

employs the concepts of local extrema and slopes from calculus (Hamill & Knutzen, 

2003) and Newton’s law of reaction to represent the relationships among the body’s 
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center of mass vertical position, velocity and acceleration, and the vertical GRF during 

the sit-to-stand movement.  

      According to the model, this instant occurs when acceleration of the body’s center 

of mass passes through zero as it reverses from positive to negative. In practice, this 

instant in time corresponds to the inflection point between the maximum and minimum 

GRF values during the transfer maneuver and was estimated by calculating the average of 

the maximum and minimum peaks. Figure 3 provides a graphical explanation of this 

instant as recorded by a vertical GRF curve involving a patient coming to standing. 
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Figure 3. Graphical Representation of vGRF in Sit-to-Stand 

      

 In this theoretical model of GRF representing the relationships of the body’s 

center of mass (CM) vertical position (panel A), velocity (panel B),  acceleration (panel 

C), and an actual vertical GRF curve (panel D) during a sit-to-stand maneuver. The 

theoretical instant of zero acceleration is derived from the acceleration curve (panel C), 

and was utilized to approximate the instant of zero acceleration due to motion on the 

GRF curve (panel D).  Previous research related to the sit-to-stand vertical GRF curves 

A

B

C

D
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have shown similar results and has been accepted as a reasonable quantification method 

(Etnyre & Thomas, 2007). 

Utilizing this theoretical model, the resulting force value was used to represent the 

measured amount of a patient’s participation. The percentage of the patient’s active 

participation was then calculated as the percentage of the quantified GRF value relative 

to the patient’s known body weight. All calculations for the study were derived from the 

instant during the transfer when vertical GRF was at a maximum, corresponding to the 

instant when the patient was providing the greatest amount of active assistance.  A 

sample of vertical GRF data depicting this instant is contained in Figure 4.                         
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Figure 4.  Sample vGRF Data Depicting Sit-to-Stand Maneuver 

 

From the intermediate variables of the absolute difference between the subject’s 

estimate to the actual measured vGRF, distances measured during lifting, the first of the 

final dependent variables could be calculated. To assess accuracy of the lifter’s estimate 

of the patient’s active assistance, a calculation of the subject’s documented estimate of 

percentage active assistance was compared to that trial of actual amount of patient 

supplied assistance as measured through vGRF. A calculation of patient supplied force 

was converted to a percentage of body weight. This amount was then utilized as the 
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percentage of patient active assistance when coming to stand. The absolute difference 

between the calculated to estimated amount of required assistance provided a ratio level 

data point for determination of each trial’s accuracy. Subjects estimating closest to the 

level of measured active patient assistance would register a much smaller absolute 

difference, and thus would be considered to have been more accurate at their assessment.  

To assess safety during lifting, a calculation of The Recommended Weight Limit 

(RWL) was required. This was calculated for each trial through multiplication of the load 

constant (LC), Horizontal Multiplier (HM), and the Vertical Multiplier (VM).  This value 

of RWL was then utilized to determine the lifting episode safety, through calculation of 

the Lifting Index (LI). The LI is defined as Load Weight/RWL. The LI is a direct 

measure of the lifter’s safety as it accounts for the weight being lifted and the lifting 

posture. The smaller the LI, the less likelihood of lifting injury during that lifting episode. 

Likewise, the larger the LI, the greater the likelihood of lifting injury during that lifting 

episode. 

   

Instrument Validity 

Validity of the instruments utilized in the study was established previous to the 

study commencement. Ground reaction force plates were calibrated according to the 

manufacturer’s recommendation and found to be within the calibration guidelines.  The 

assessment method of quantification of active patient assistance in the sit-to-stand 

maneuver had been shown to be a valid predictor of actual assistance in previous 

correlation study involving the entry-level physical therapy student (Brueilly et al.).  In 

this study, it was determined that a strong positive correlation existed (r = .76, p <0.001), 
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indicating the presence of a significant linear relationship between physical therapist 

students’ ability to estimate active patient participation as a function of body weight as 

compared to measured amounts of assistance in the sit-to-stand maneuver. 

 

Statistical Analysis 

Statistical analysis was performed using SPSS 15.0.  An alpha level of 0.05 was 

used to determine statistical significance.  Statistical analysis included a factorial 

MANOVA and calculation of correlation coefficients. Independent variables (IV) 

included method of education (control of face-to-face lecture/lab versus experimental of 

asynchronous distance web-based; IV 1) and subject to patient gender pairing 

(male/female versus female/male versus same gender; IV 2). Two dependent variables 

(DV) were utilized for calculation.  Data points investigated in each trial were the 

difference between subject’s rated percentage of patient active participation when 

compared to the ground reaction force plate (calculated percentage of weight) during 

transfer (DV 1) and the subject’s calculated LI score (DV 2), with each variable being an 

independent factor. These findings were then analyzed to answer the proposed research 

hypotheses. 

A factorial MANOVA was used to determine the effect educational method, 

gender pairing, and the combination of the two variables when crossed might have on the 

two dependent variables of accuracy of assistance and the Lifting Index. The findings of 

the MANOVA assisted in research hypotheses 1 through 3.  

Additional analyses assisted in testing hypothesis 4, determining if the relative 

size of the patient when compared to the subject size had any relationship to the subject’s 
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ability to accurately assess and perform the skill safely. Two separate Pearson Product 

Moment correlational coefficients investigated the relationship between the ratio of 

patient-to-subject size to the subject’s ability to accurately estimate and also to evaluate 

the subject’s lifting posture during transfer.  The first of these analyses utilized the 

accuracy data and evaluated relationships between the patient-to-subject weight ratio to 

the accuracy of assistance estimation (DV 1). The final analysis evaluated relationships 

between the subject-to-patient weight ratio to the calculated Lifting Index (DV 2).  

 

Summary 

Students were randomized into one of two groups and received instruction in the 

skill of assisting a patient to stand from sitting according to their assigned group method; 

either an asynchronous distance-based instructional method, or the traditional lecture 

followed by lab instructional method. Following instruction, each subject then 

participated in four trials of assisting a patient to stand and recorded their estimate of the 

patient’s active participation in each trial. This estimation was then compared to a 

calculated amount of active patient assistance supplied during each trial as recorded by 

vertical ground reaction forces. Additionally, each trial was recorded for analysis and a 

Lifting Index was calculated. These measures were then statistically analyzed by way of a 

factorial MANOVA and correlation coefficient to provide answers to the research 

questions posed.     
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CHAPTER IV 

RESULTS 

 

This is a report of the findings of the study involving the evaluation of entry-level 

physical therapy students’ ability to learn a psychomotor skill through varied educational 

methods, and comparing those students instructed through an asynchronous web-based 

distance learning environment to those instructed in a traditional face-to-face lecture 

followed by lab format.  The study evaluated if the students of both groups were able to: 

equally acquire and perform a psychomotor skill common in physical therapy practice 

effectively and safely, determine if subject/patient gender pairing had any impact upon 

the subjects’ ability to acquire and perform the psychomotor task.  Secondarily, the study 

investigated if relative size of the patient to the subject affected the subjects’ ability to 

assess assistance levels or to maintain safety during the patient lifting activity.  The 

chapter identifies each of the hypotheses proposed, presents the findings derived by 

statistical analysis of variables involved in the study, and summarizes the results of each 

finding in relation to the research hypotheses presented in Chapter I. The chapter will 

begin with descriptive statistics of subjects and patients are presented, move into 

statistical analysis tools applied to data and hypotheses, and conclude with a summary of 

results discovered.   

 

Descriptive Statistics 

All subjects were recruited from the first year Master of Physical Therapy 

program.  Forty-two (42) students granted informed consent and agreed to be subjects in 
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the study.  One student chose to voluntarily withdraw prior to group assignment and the 

educational process.  Forty-one (41) subjects completed the arranged educational 

component as assigned by their group randomization. One subject was unable to attend 

the testing session due to location and voluntarily withdrew.  Forty (40) subjects 

completed all aspects of the designed study, providing four trials each, for a total of 155 

trials recorded.  Table 4.1 provides a demographic summary of all subject characteristics. 

 

Table 4.1 Demographic Summary of Subject Characteristics 

Characteristic All Subjects  
(N =40) 

Control Group  
(n =21) 

Experimental 
Group (n =19) 

Gender  
     Male (n) 
     Female (n) 

 
14 (35%) 
26 (65%) 

 
7 (33%) 
14 (67%) 

 
7 (37%) 
12 (63%) 

Age in years  
     Mean ± SD 
     Median 
     Mode 
     SEM 
     Range (XMax-XMin) 

 
23.7 ± 0.57 

23 
23 

3.63 
16 (37-21) 

 
23.3 ± 0.67 

23 
23 

3.06 
13 (20-33) 

 
24.1 ± 0.97 

23 
23 

4.23 
17 (20-37) 

Height in inches (cm) 
     Mean ± SD 
 
     Median 
     Mode 
     SEM 
     Range (XMax-XMin) 

  
67.4 ± 0.64 

(171.2 ± 1.63) 
67 
68 

4.07 
25 (78-53) 

 
70.6 ± 0.77 

(179.3 ± 1.96) 
69 
68 

3.99 
11 (78-67) 

 
67.3 ± 1.07 

(170.9 ± 2.72) 
68 
63 

4.68 
18 (76-58) 

Weight  in pounds (kg) 
     Mean ± SD 
 
     Median 
     Mode 
     SEM 
     Range (XMax-XMin) 

 
162.2 ± 6.67 
(73.7 ± 3.03) 

151 
138 

39.64 
149 (258-109) 

 
159.3 ± 8.48 
(72.4 ± 3.85) 

149 
N/A 

38.87 
139 (248-109) 

 
165.3 ± 9.22 
(75.1 ± 4.19) 

157 
130 

41.32 
141 (258-117) 
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Following data extraction and calculation, homogeneity of groups was examined 

by way of Levene’s test for equality of variances.  Results of testing supported the use of 

parametric analysis, with non-significant findings (p > .05) when comparing means of 

dependent variables between the control and experimental groups and between gender 

pairing groups. A summary of the study findings by group is presented in Table 4.2. 

 

Table 4.2 Summary of Group Findings  

 
Independent Variable Evaluated 

Absolute Difference 
of Estimated to 
Calculated % 

Calculated Lifting 
Index (LI) 

 
Instructional Method 
        
       Control Group (n = 81) 
 
       Experimental Group (n = 74) 

Gender Pairing (Subject/Patient) 
  
        Different A (F/M) (n = 68) 
 
        Different B (M/F) (n = 36 ) 
            
        Same (F/F; M/M) (n = 51) 

Mean (SD) 
 
 

21.67 (18.5) 
 

23.63 (19.1) 

 
 
25.50 (21.0) 

 
16.19 (13.3) 

 
23.29 (18.0) 

SEM 
 
 

2.05 
 

2.22 

 
 

2.55 
 

2.22 
 

2.53 

Mean (SD) 
 

 
1.59 (0.82) 

 
1.05 (0.65) 

 
 
 

1.29 ( 0.76) 
 

1.43 (0.65) 
 
1.32 (0.92) 

SEM 
 
 

0.09 
 

0.08 

 
 

0.09 
 

0.11 
 

0.13 
 

 A 2 x 3 between-subjects factorial multivariate analysis of variance was 

performed using SPSS 15.0 on two dependent variables (DV): Difference between the 

subject’s estimate of the patient’s assistance versus the measured assistance (Accuracy), 

and the Lifting Index (LI). Independent variables (IV) were method of instruction and 

gender pairing of subject to patient.  Independent variables were ordered in entry from 

instructional method, then gender pairing. Total n of 155 were used. Results of evaluation 

 76   
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of assumptions of normality and homogeneity of variance were satisfactory (p > .05). 

With the use of the Wilk’s criterion, it was determined that one significant main effect 

was present (Lambda (2,148) = 8.725, p < .001). A summary of the MANOVA is 

included in Table 4.3. 

 

Table 4.3  Summary of Multivariate Tests (MANOVA) 

Effect   Value F Hypothesis df Error df Sig. 
Intercept Pillai's Trace .822 340.7(a) 2.000 148.000 .000
  Wilks' Lambda .178 340.7(a) 2.000 148.000 .000
  Hotelling's Trace 4.604 340.7(a) 2.000 148.000 .000
  Roy's Largest Root 4.604 340.7(a) 2.000 148.000 .000
GenderPairing Pillai's Trace .047 1.8 4.000 298.000 .129
  Wilks' Lambda .953 1.8(a) 4.000 296.000 .127
  Hotelling's Trace .049 1.8 4.000 294.000 .126
  Roy's Largest Root .049 3.6(b) 2.000 149.000 .028
Educational 
Method 

Pillai's Trace .105 8.7(a) 2.000 148.000 .000

  Wilks' Lambda .895 8.7(a) 2.000 148.000 .000
  Hotelling's Trace .118 8.7(a) 2.000 148.000 .000
  Roy's Largest Root .118 8.7(a) 2.000 148.000 .000
GenderPairing 
* Educational 
Method 

Pillai's Trace 
.023 0.87 4.000 298.000 .481

  Wilks' Lambda .977 0.87(a) 4.000 296.000 .485
  Hotelling's Trace .023 0.86 4.000 294.000 .488
  Roy's Largest Root 

.014 1.03(b) 2.000 149.000 .358

a  Exact statistic 
b  The statistic is an upper bound on F that yields a lower bound on the significance level. 
c  Design: Intercept+GenderPairing+Instructional_Group+GenderPairing * Instructional_Group 
 
 

Follow up Univariate ANOVAs indicated that lifting index scores were 

significantly improved by the distance web-based instructional method when compared to 

control (F (1,149) = 17.431, p < .001). Subjects receiving instruction via the 

asynchronous web-based instructional method had significantly improved LI scores over 
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those subjects receiving training in the traditional face-to-face lecture followed by lab 

method.  

Accuracy of scores were not significantly influenced by educational method (F 

(1,149) = .309, p > .05).  There was no main effect found with the second IV, gender 

pairing (Lambda (2,148) = 1.807, p > .05). The combination interactions of IVs also had 

no significant effect (Lambda (4,296) = .866, p > .05).  All other findings did not achieve 

statistical significance (p > .05). A summary of the univariate ANOVAs for each 

dependent variable is provided in Table 4.4. 
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Table 4.4  Summary of Univariate ANOVAs 

95% C. I. IV to DV (n= 155) F p Mean (SD) SEM SS (df) Lwr Upper 
Educational Method (EM)  
                     to LI 
      Control (n = 81) 
     Experimental (n = 74) 
                  to Accuracy 
     Control 
     Experimental 

 
17.43 

-- 
-- 

.309 
-- 
-- 

 
<.001 

-- 
-- 

.579 
-- 
-- 

 
-- 

1.59 (0.82) 
1.05 (0.65) 

-- 
21.67 (18.5) 
23.63 (19.1) 

 
-- 

.09 

.08 
-- 

2.05 
2.22 

 
9.699 (1,149) 

-- 
-- 

106.2 (1,149) 
-- 
-- 

 
--- 

1.42 
.90 
--- 

16.54 
18.17 

 
--- 

1.77 
1.25 
--- 

25.08 
26.88 

Gender Pairing (GP)  
                     to LI 
         F/M (n = 68) 
         M/F (n = 36) 
         Same (n = 51) 
                to Accuracy  
       F/M 
       M/F 
       Same 

 
.654 

-- 
-- 
-- 

3.144 
-- 
-- 
-- 

 
.521 

-- 
-- 
-- 

.046* 
-- 
-- 
-- 

 
-- 

1.29 (0.76) 
1.43 (.65) 
1.32 (.92) 

-- 
25.50 (21.0) 
16.19 (13.3) 
23.29 (18.0) 

 
-- 

.09 

.11 

.13 
-- 

2.55 
2.22 
2.53 

 
.728 (2,149) 

-- 
-- 
-- 

2159.6 
(2,149) 

-- 
-- 
-- 

 
--- 

1.10 
1.20 
1.08 
--- 

21.25 
10.04 
17.99 

 
--- 

1.45 
1.87 
1.49 
--- 

30.15 
22.26 
28.30 

EM and GP Interaction  
                     to LI 
Control 
       F/M (n = 36) 
       M/F (n = 17) 
       Same (n = 28) 
Experimental 
       F/M (n = 32) 
       M/F (n = 19) 
        Same (n = 23) 
               to Accuracy 
Control 
        F/M 
        M/F 
        Same 
Experimental 
       F/M 
       M/F 
       Same 

 
.712 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

1.03 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

 
.492 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

.359 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

 
-- 
-- 

1.58 (0.72) 
1.59 (0.61) 
1.61 (1.05) 

-- 
.964 (0.68) 
1.30 (0.66) 
.963 (0.56) 

-- 
-- 

22.29 (21.1) 
15.50 (10.9) 
24.64 (18.3) 

-- 
29.11 (20.7) 
16.80 (15.4) 
21.65 (18.0) 

 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

 
.792 (2,149) 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

709.4 (2,149) 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

 
--- 
--- 

1.34 
1.23 
1.33 

-- 
.70 
.96 
.66 
--- 
--- 

16.18 
6.61 
17.72 

--- 
22.64 
8.40 
14.02 

 
--- 
--- 

1.83 
1.95 
1.89 

-- 
1.23 
1.63 
1.27 
--- 
--- 

28.39 
24.38 
31.56 

-- 
35.59 
25.20 
29.29 

*Although p <0.05, this value was not confirmed as significant by Wilks’ Lambda. 

 

Evaluation to determine what association might exist between the relative size of 

the subject/patient to the subjects’ ability to accurately assess a patient’s active 

participatory assistance level on the subjects’ risk of self-injury during assistance was 

performed using the Pearson Correlation Coefficient.  A Pearson correlation was 



                                      Texas Tech University, Kevin E. Brueilly, May 2008        

 80   

calculated examining the relationship between the subject-to-patient size ratio and the 

accuracy of assistance assessment.  A weak correlation that was not significant was found 

(r (1) = -.125, p > .05). The subject’s ability to accurately assess assistance is not related 

to the subject-to-patient size.  

A second Pearson correlation was calculated examining the relationship between 

the subject-to-patient size ratio and the resultant LI.  A weak correlation that was not 

significant was found (r (1) = -.097, p > .05). The subject’s ability to safely perform a lift 

in the transfer is not related to the subject-to-patient size.  

Following careful consideration of the findings, and in an effort to fully examine 

the effect size of subject-to-patient might have on the lift, it was determined to analyze 

the measure that more directly assessed the lifters’ posture, the Recommended Weight 

Limit (RWL). This calculation had been made previously during the LI calculation, and 

is known to be a more direct analysis of posture rather than the LI which also considers 

weight lifted.  A third Pearson correlation was calculated between the subject-to-patient 

size ratio and the calculated RWL.  A fair positive correlation was found (r (155) = .431, 

p < .001), indicating a significant linear relationship between the two variables exists. 

Subjects larger in size than their patient (subject-to-patient ratio > 1.00) tend to remain in 

a lifting position which allows greater weight to be lifted safely.  Figures 5, 6, and 7 

provide a scatterplot diagram of correlation evaluation for subject-to-patient size to 

accuracy, LI., and RWL. 
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Figure 5.  Scatterplot of Subject/Patient Size Ratio to Accuracy of Estimation  
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Figure 6.  Scatterplot of Subject/Patient Size Ratio to Calculated Lifting Index  
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Figure 7. Scatterplot of Subject/Patient Size Ratio to Calculated RWL 
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Summary 

 The results of the study examining the effect of two delivery methods and the 

effect gender pairing of subject and patient might have on a subject’s ability to accurately 

quantify and safely perform a psychomotor skill were presented. One hundred fifty-five 

trials were conducted and analyzed in anticipation of answering the research hypotheses.  
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CHAPTER V 

SUMMARY, DISCUSSION, AND IMPLICATIONS 
 
 

Background 
 
 The final chapter will present a summary of the study, link the statistical results to 

the previously described research purposes, discuss the resultant findings in relation to 

the current literature available, proceed with a discussion of the conclusions and 

implications the results might have upon the present educational process of the entry-

level physical therapist, and conclude with recommendations for future research in the 

topics investigated and draw final conclusions.  

 

Summary of the Study 

 The educational process of an entry-level physical therapist is one that requires 

the transference of many highly skilled psychomotor activities.  Educators have 

historically provided this necessary education through pedagogy involving a face-to-face 

type instruction of skill, followed by a laboratory experience in which the student can 

practice the new skill under the auspices of an instructor. Technology has presented the 

ability to allow instruction of many topics to a student remote to the teacher’s location 

and in a time which may be more conducive to the schedule of today’s busy learner. If 

the technology could be utilized to successfully transfer psychomotor skills to the 

students of tomorrow, the burdens of faculty shortage within physical therapy education 

and that of a nationwide shortage of practicing physical therapists could potentially be 

effectively combated.   Despite the apparent need to address these issues, a paucity of 



                                      Texas Tech University, Kevin E. Brueilly, May 2008        

 84   

research exists in the assessment of such pedagogy and learning, likely due to the 

inherent difficulties associated with the production of instruction and assessment of 

learning in this means. 

 The purposes of the study were to determine if entry-level physical therapy 

students instructed through an asynchronous distance learning environment could acquire 

and perform a psychomotor skill common in physical therapy practice effectively and 

safely as compared to students being prepared through traditional lecture and lab 

instruction, and to determine if subject/patient gender pairing has any impact upon the 

subject’s ability to acquire and perform the psychomotor task.  Secondarily, the study 

investigated if relative size of subject to patient affects the ability to assess assistance 

levels or maintain safety when lifting.  Assessment occurred through a comparison of 

each subject’s estimated assistance amount to the actual measured amount during each 

trial, and through post-trial video analysis of lifting position.  A comparison of accuracy 

of lifting assistance estimates between groups was utilized to determine statistical 

difference. A comparison utilizing a composite of each subject’s observed lifting 

behavior was assessed for statistical difference between groups. 

 Forty entry-level Master of Physical Therapy (MPT) students participated in the 

study, randomized to one of two instructional groups; traditional lecture followed by lab 

(control), and asynchronous web-based instruction followed by independent practice 

(experimental). Following instruction according to their assigned method, each subject 

performed the newly instructed skill of a sit-to-stand transfer utilizing a mock patient 

trained to emulate the assistance required by a real patient. Over two days of testing, the 

subjects provided a total of 160 trials of a psychomotor skill, assisting a patient to stand 
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from a sitting position.  These trials were performed while objective measures of patient 

vertical ground reaction force were sampled and synchronized video imagery of the 

subject’s body segments were recorded. These data were then analyzed following 

completion of all trials to determine the degree of accuracy each subject was able to 

estimate during the lifting instance, and to calculate the subject’s lifting posture for injury 

propensity. These two dependent variables assisted in determining if each group was 

equal in their ability to acquire and perform the newly instructed task. 

 The subjects were arranged in a randomized blocked fashion so as to examine the 

impact that gender pairing of the subject to the patient might have on both dependent 

variables. Finally, the relative size of the patient in relation to the subject was evaluated 

to determine if subject-to-patient size might influence the subject’s ability to accurately 

estimate assistance or to maintain a safe lifting posture during transfer. 

 

Summary of Findings 

Hypotheses I and II were rejected. Hypotheses II, and IV were partially rejected and 

partially accepted. Table 5.1 provides a summary of research hypotheses and the findings 

associated with each hypothesis. 
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Table 5.1  Summary of Research Hypotheses and Findings 

Research Hypothesis Significance Result of Analysis 
I. The ability to accurately assess 
percentage of assistance and perform a safe 
lifting episode in a sit-to-stand transfer will 
be improved by gender pairing 
combinations of subject to patient. 

Wilks’ Lambda 
p = 0.127 
 
 

All aspects of hypothesis 
rejected. (p>.05) 

II. The ability to  
 
 

• accurately assess percentage of 
assistance  

 
• and perform a safe lifting episode  

 
in a sit-to-stand transfer will be improved 
by the education method of the subject. 

Wilks’ Lambda 
p <0.001 
 
p = 0.579 
 
 
p <0.001 
 

Tests of Between-
Subjects Effects Needed; 
 
Reject this portion of 
hypothesis. 
 
Accept this portion of 
hypothesis. 

III. The gender pairing and education 
method will interact in the effect on 
subjects’ ability to accurately assess 
percentage of assistance and perform a safe 
lifting episode in a sit-to-stand transfer. 

Wilks’ Lamdba 
p  = 0.485 

All aspects of hypothesis 
rejected. (p>.05) 

IV. Subjects lifting patients having a body 
weight less than or equal to that of their 
own will demonstrate  
 

• improved assessment outcomes and 
 
 
 
• decreased risk of lifting self-injury 

 
when performing a sit-to-stand transfer. 

Pearson  
 
 
 
r = 0.60 
 
 
 
r = 0.431 
 

 
 
 
 
Weak correlation; 
relationship is not 
supported.  
 
Fair correlation; 
relationship is supported. 

 

Summary Discussion 

A two-way MANOVA was calculated examining the effect of Educational 

Method and Gender Pairing might have on subjects’ ability to accurately assess 

assistance and safely perform a portion of a patient transfer activity, standing from a 
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seated position.  There was one main effect found. The subjects instructed in a distance 

education format maintained a safer episode of lifting during their assisting a patient to 

stand.   

This finding of improved outcomes in those subjects learning through 

asynchronous web-based instruction is consistent with the research findings of others in 

practice involving contextual relevance (Ferguson & Rice, 2001). Arguably, the 

experimental group had unlimited opportunities to view the video while the control was 

shown once and not exposed to the skill with the instructor present. The finding of 

improved learning outcomes in a distance education format is also supported by the 

notion of on-line education providing subjects the ability to practice in a problem-based 

manner (Cook, 2005), thus promoting active learning (Buckley et al., 2005) in a manner 

that fosters deeper thinking (Hayward, 2004).  

Despite the apparent success and promise of the distance education format, it 

remains unlikely that universities imparting skill-based education upon entry-level 

students of physical therapy will be quick to adopt this pedagogical method. The study 

viewed one very small component of a psychomotor skill set. Studies embarking in the 

passing of a much larger scale psychomotor skill must be undertaken to determine the 

benefit when compared to feasibility.    

Gender pairing of subject to patient and the combination interactions of gender to 

educational method also had no significant effect (p> .05).  However, correlational 

studies suggest that a relationship does exist between the subject-to-patient size ratio and 

the calculated RWL.  A fair positive correlation was found (r (155) = .431, p < .001), 

indicating a significant linear relationship between the two variables exists. Subjects 
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larger in size than their patient (larger subject-to-patient ratio) tend to demonstrate a 

greater RWL. As the RWL increases the LI decreases, thus lessening risk of lifting injury 

when lifting equivalent weight as compared to a subject with a lower RWL. Therefore, 

subjects larger than their patients tend to remain in a lifting position which allows greater 

weight to be lifted safely. 

 No studies were found that examined the ability of subjects to accurately estimate 

the amount of lifting provided by subjects. Brueilly et al. had previously discovered that a 

strong positive correlation was present between the amounts of assistance physical 

therapy applied to the amount of lifting necessary for the sit-to-stand transfer, but no ratio 

information was utilized.   

 

Study Implications 

As is the case with any research, the findings must always be examined for the 

ability to apply results to a population.  The study attempted to control as many internal 

and external variables as was possible to maintain validity within the study design. The 

process of randomization of subjects was utilized to protect the internal validity of the 

study. Additionally, safeguards and other attempts were made to avoid subject interaction 

between groups, namely stressing the importance of and cautioning against those subjects 

of differing groups conversing or practicing outside their group prior to testing.  No such 

collusion occurred, verified by subject questioning prior to testing. Additionally, the 

effects of history, maturation, and attrition among subjects were limited by a purposefully 

condensed time frame between instruction and testing, so as to detect only true 

independent variable effects.   
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The external validity or generalizability of the results of the study is limited to the 

population sample investigated; entry-level students of physical therapy evaluating mock 

patients. The results can not and should not be interpreted as being applicable to any 

other group, such practicing therapists, student evaluations of real patients, or even 

practicing therapists assessing real patients. The generalizability must also be considered 

within the assumptions and limitations of the study identified in Chapter I. This study 

does, however, suggest some very important findings from the results obtained. 

One of the main purposes of the study was to determine if a psychomotor skill can 

be learned and performed as well if taught in an asynchronous web-based distance 

education format when compared to the traditional lecture lab format. The study 

demonstrated that those subjects learning in the asynchronous web-based distance format 

had significantly improved abilities at performing their safe lifting practice (LI) than did 

those who learned in the traditional face-to-face lecture and lab method. Buckley et al. 

(2005) suggests that the distance medium promotes on-line collaborative learning, 

allowing the student to more readily internalize the lesson. This study was the first to 

investigate the medium of web-based education in psychomotor skill acquisition, and the 

results appear to support the same notion as has been previously proposed. On-line 

educational methods may be preferable at achieving student leaning outcomes, even 

when psychomotor skill is involved.  This study only evaluated a small portion of an 

entry-level skill common in physical therapist education, however insignificant it may 

seem, the outcomes have supported that students can learn to protect themselves in lifting 

without a face-to-face encounter with an instructor. 
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Back pain among health care workers has been a longstanding employee issue 

causing substantial financial burden to the health care industry (Silvia et al., 2002).  

Studies of back pain associated with health care workers have discovered that poor 

posture in lifting is a major contributor to back injury (Hignett & Crumpton, 2007). The 

propensity for back injury among health care workers has been shown to be attributed to 

worker non-compliance of known safety procedures when lifting, and that injury is not to 

the result of lack of training (Silvia et al., 2002). Because the majority of research in 

health care back injuries is focused upon female nurses, it was inferred that females may 

be at greater risk of injury. Therefore, the study investigated how the subject gender may 

influence the subject’s lifting ability. The results of this study involving the second main 

objective of gender pairing of subject and patient have shed new light on the field of 

workers and the potential for back injury.  

Khalil et al. (1987) reported that lifting posture variability had a non-significant 

effect on males lifting abilities, but a significant effect on female subjects lifting abilities. 

This suggests that RWL may be a more direct measure for determining safety than is the 

LI.  The fact that the LI was not shown to be a significant determinant in the study is not 

surprising, however, as the means of weight lifted was shown to be statistically 

significant in a comparison of means between subject genders. It appears that the models 

did not emulate the required assistance as accurately for the female lifters as they did the 

males, or it could have been that the females did not accept the weight; therefore the 

models continued to provide active assistance in order to complete the trial. It is also 

possible that a combination of the two factors occurred during testing. Despite the 

potential for circular argument, the fact remains that females did not lift as much weight 
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as did the males. Investigations into this phenomenon could be undertaken in future 

research; however this potential confounding variable could be eliminated by testing real 

patients rather than mock patients. 

Regardless of the reason for difference, the study has shown that therapists 

assisting patients larger than themselves demonstrate postures that are not as conducive to 

lifting heavier loads as are therapists larger than their patients. This decreased RWL 

places the smaller lifter at risk of injury when loads lifted increase. The results of this 

study suggest that smaller therapists may require additional training and practice in 

proper lifting technique to place them at an equal level of safety to their larger classmates 

when attempting to transfer a patient to standing.  

It was noted that females tend to limit their lifting to remain within a zone of safe 

lifting more often than do males. Sesek et al. (2003) suggests that when applying the 

NIOSH lifting equation, the goal should be to design a lift which remains at a lowest 

level of LI as is possible to maximize safety. An LI of 3.0 appears to be a threshold level 

at which safety in lifting is of most concern (Sesek et al., 2003).  Lifts which exceed the 

3.0 level place nearly all workers at increased risk of work-related injury. During the 

study, the calculations of LI exceeded the 3.0 threshold in six of the 155 lifts (3.87%). Of 

these six lifts, all were performed by subjects in the control group (traditional face-to-face 

instruction). Five of the six LI lifts exceeding the 3.0 limit were performed by males 

(83%) while one of six belonged to a female subject (17%).  This finding is consistent 

with the research of Yueng et al. (2003) who determined that male workers are more 

likely to accept a heavy lifting task than are their female counterpart. These findings 

suggest that male students of physical therapy should receive additional training in 
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estimation of their abilities to deter potential unsafe lifting episodes in patient care 

activities.    

Finally, the study found that the relative size of the subject to the patient being 

lifted demonstrated a relationship in the ability to maintain a safe lifting posture. Subjects 

larger than their patients were better able to maintain a safer position during lifting than 

were subjects who were smaller than their patients. This information is intuitive given the 

results of the female subject to male patient lifting posture data, however, this 

information serves to reiterate the importance of correct posture for any gender when 

assisting patients of significant size. 

 

Recommendations for Future Research 

 The study evaluated a very small portion of a physical therapists’ educational 

process. Because the education of a physical therapist is so highly reliant upon the 

transference of psychomotor skill to the student, further studies investigating the learning 

outcomes associated with a broader content administered through an asynchronous web-

based instructional method should be evaluated to determine if effectiveness is 

maintained. If an entire skill set can be shown to be effectively transferred, an entire 

semester of learning could then be undertaken. Through these small increments, an entire 

curriculum may be realized that could be delivered to remote areas and to persons 

desiring to study physical therapy but have barriers which are presently insurmountable.  

 The assessment of accuracy and posture in lifting should turn toward the 

evaluation of students and accomplished clinicians assessing real patients in the sit-to-

stand maneuver. A tool has been developed to objectively evaluate both accuracy and 
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safety in lifting, and should be utilized to determine if future back injury could be 

avoided by posture modifications. Secondarily, the present system of quantifying levels 

of assistance in transfer could be evaluated for validity in measurement.  

 Finally, male lifters were found to be much more likely to overestimate their 

lifting ability, accepting loads beyond the recommended limit. This phenomenon has 

been previously identified by Yueng et al., however, investigations into the origin and 

basis for this trend has not been investigated. Examinations into the source of the 

behavior and an introduction of prospective interventions which may preclude the lifter 

from making such potentially dangerous decisions could assist in alleviating potential 

injury. 

  

Final Conclusions 

 This study investigated and determined that gender pairing combinations of 

subject to patient had no significant effect on the subjects’ ability to accurately assess 

assistance levels to stand, nor did gender pairing significantly affect the subjects’ ability 

to perform a safe lifting episode. The subjects’ ability to accurately assess assistance was 

also not significantly affected by educational methods investigated. However, students of 

physical therapy did demonstrate that an asynchronous web-based distance educational 

program can be utilized to teach a component of a common psychomotor skill inherent to 

entry-level physical therapy education, and that students are capable of learning and 

demonstrating the information as well, and in some cases better, than students who learn 

in a traditional face-to-face lecture and lab classroom. Finally, the study discovered that 

the therapist smaller in size than the patient they intend to treat places them at risk of 
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different potential complications when assisting a patient to stand, and each should be 

considered by the student so as to lessen the propensity for injury when assisting a patient 

to stand. 
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APPENDIX A 

TABLE OF HORIZONTAL MULTIPLIERS FOR CALCULATION OF 

RECOMMENDED WEIGHT LIMIT (RWL) (from Waters, et al., 1993) 
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Horizontal Multiplier 
H HM H HM 

in   cm   

<10 1.00 <25 1.00 
11 .91 28 .89 
12 .83 30 .83 
13 .77 32 .78 
14 .71 34 .74 
15 .67 36 .69 
16 .63 38 .66 
17 .59 40 .63 
18 .56 42 .60 
19 .53 44 .57 
20 .50 46 .54 
21 .48 48 .52 
22 .46 50 .50 
23 .44 52 .48 
24 .42 54 .46 
25 .40 56 .45 

>25 .00 58 .43 

    60 .42 
    63 .40 

    <63 .00 
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APPENDIX B 

TABLE OF VERTICAL MULTIPLIERS FOR CALCULATION OF  

RECOMMENDED WEIGHT LIMIT (RWL) (from Waters, et al., 1993) 
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Vertical Multiplier 
V  VM V VM 
in   cm   
0 .78 0 .78 
5 .81 10 .81 
10 .85 20 .84 
15 .89 30 .87 
20 .93 40 .90 
25 .96 50 .93 
30 1.00 60 .96 
35 .96 70 .99 
40 .93 80 .99 
45 .89 90 .96 
50 .85 100 .93 
55 .81 110 .90 
60 .78 120 .87 
65 .74 130 .84 
70 .70 140 .81 

>70 .00 150 .78 
    160 .75 
    170 .72 
    175 .70 
    >175 .00 
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APPENDIX C 

QUESTIONNAIRE FOR POSSIBLE RESEARCH PARTICIPANTS 
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Questionnaire for Possible Research Participants 
 
STUDY TITLE:  Facilitating psychomotor skill acquisition of entry-level physical 
therapist students… 
 
INVESTIGATOR(s):  Kevin E. Brueilly, MPT 
 
CONTACT TELEPHONE NUMBERS:  (432) 334-9402 
 
 
This research study involves helping someone rise from sit to stand.  Anyone in the study 
could be required to help lift someone from sitting to standing. 
 
You should not participate in this study if you think you might be injured when helping a 
patient from sit to stand.  
 
You should not participate in this study if you have any conditions such as: 

• previous back injury 
• pregnancy 
• any lifting precautions placed upon you 

 
Do you have any of these conditions or think that your helping a patient from sit to stand 
may place you at risk of injury? 
 
 
          ________Yes   _________No 
 
 
 
Subjects Signature:_____________________________________;  Date ____/____/____ 
 
Printed name of signature above: _________________________________________ 
 
Witness: _____________________________________________; Date____/____/____ 
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APPENDIX D 

TEXAS TECH UNIVERSITY HEALTH SCIENCES CENTER  

INSTITUTIONAL REVIEW BOARD INITIAL APPROVAL 
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APPENDIX E 

TTUHSC IRB ADDENDUM APPROVAL 
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APPENDIX F 

TTUHSC IRB INFORMED CONSENT 
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