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ABSTRACT 

Background of Problem:  There are no functional measures of movement quality that 

can be utilized in the clinical setting to assess the osteoarthritic patient population 

which have displayed adequate reliability or validity.  Previous research shows that 

the visual observational assessment (VOA) tool is the best method of qualitative 

measure.  However, the VOA tool has only moderate reliability and no evidence 

exists on the validity of measures through VOA. 

Purpose: Determine if applying a standard method of education, Cognitive 

Apprenticeship (CA), would significantly improve inter-rater & intra-rater reliability 

and concurrent validity of student physical therapist measures of movement quality 

in patients diagnosed with osteoarthritis to statistically and clinically significant 

levels. 

Research Design: A two group pretest-posttest control group design was used to 

compare the intra- and inter-rater reliability and concurrent validity of visual 

observational assessments (VOA) obtained from student physical therapists (SPT) 

who underwent the CA educational intervention to SPT’s who did not.  A 2x2 mixed 

design ANOVA was used to examine differences between groups and within groups. 

Results: No significant difference was found between any group or time for inter-

tester reliability.  For intra-tester reliability a significant within groups effect was 

present (F(1/45) = 9.63, p < 0.05, η
2
=0.18, Power=0.86); post hoc t-tests revealed 

significant improvement in the intervention group (t(23)=3.74, p<0.025, d=0.98, 
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Power=0.95) but, not the control group (t(24)=0.79, p≥0.025, d=0.19, Power=0.12).  

For concurrent validity a statistically significant interaction effect was present (F(1/45) = 

4.19, p < 0.05, η
2
=0.09, Power=0.52) and a statistically significant within-subjects 

effect was present (F(1/45) = 31.75, p < 0.05, η
2
=0.41, Power=1.00); post hoc t-tests 

revealed significant improvement in the intervention group (t(23)=5.82, p<0.025, 

d=1.39, Power=1.00) but, not the control group (t(24)=2.40, p>0.025, d=0.57, 

Power=0.63). 

Conclusions: Cognitive Apprenticeship educational intervention appears to 

significantly improve intra-tester reliability and concurrent validity to statistically and 

clinically (≥0.90) significant levels necessary for application of visual observational 

assessment in clinical decision-making in the osteoarthritic patient population. 
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CHAPTER 1: INTRODUCTION 

Background of Problem 

Osteoarthritis (OA) is the most common type of arthritis in the U.S. affecting 

an estimated 21 million Americans (Centers for Disease Control and Prevention, 

2007).  The ability to mediate the effects of OA through non-invasive assessment and 

treatment is essential  (Zhang, W., Moskowitz, R. W., Nuki, G., Abramson, S., Altman, 

R. D., Arden, N., 2008).  One such non-invasive intervention is therapeutic exercise to 

improve strength and coordination.  The use of therapeutic exercise to improve 

patient health status has a convincing body of literature supporting its effectiveness 

in reducing the symptoms and eventual functional limitations associated with OA 

(Ottawa panel, 2005; Hernandez-Molina, Reichenbach, Zhang, Lavalley, & Felson, 

2008; Jamtvedt et al., 2008; Philadelphia Panel, 2001; Pisters et al., 2007; Sarzi-

Puttini et al., 2005).  In addition to the wealth of evidence supporting traditional 

assessments and therapeutic exercise treatments of OA, which typically focus on 

evaluating and applying treatment at the single joint where the disease process is 

occurring (i.e. the knee), other evidence and theoretical arguments support 

implementing assessment and treatment methods that consider the entire kinematic 

system in which the affected joint lies (i.e. trunk, pelvis, hip, knee and ankle/foot).  

Therefore, efforts have been undertaken by both clinicians and researchers to 

develop reliable and effective methods of assessment and treatment of the lower 
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extremity which consider the entire kinematic system and which can be implemented 

in the clinical setting (Chmielewski, T. L., Hodges, M. J., Horodyski, M., Bishop, M. D., 

Conrad, B. P., & Tillman, S. M., 2007; Griffin, L. Y., Agel, J., Albohm, M. J., Arendt, E. 

A., Dick, R. W., Garrett, W. E., 2000; Hewett, T. E., Myer, G. D., Ford, K. R., Heidt, R. 

S.,Jr, Colosimo, A. J., McLean, S. G., 2005; Kinzey & Armstrong, 1998; Krosshaug et al., 

2007; McLean S.G. et al., 2005a; Powers, 2003; Powers, Ward, Fredericson, Guillet, & 

Shellock, 2003; Souza & Powers, 2006; Willson J.D. & Davis, 2007a; Willson J.D., 2007; 

Willson J.D., Dougherty, Ireland, & Davis, 2005; Willson J.D., Ireland, & Davis, 2006; 

Willson J.D. & Davis, 2008). 

Traditional therapeutic exercise prescription lies within the primary domains 

of either improving the flexibility or strength of periarticular connective tissue and 

muscle surrounding the affected joint.  Mechanobiological behavior of articular 

cartilage and other intraarticular tissues is believed to be the primary reason that 

these basic exercise types improve joint health.  Basic science supports the notion 

that participation in strengthening and neuromuscular coordination exercise may 

improve health of articular tissue by promoting improved joint congruency.  

Improved joint congruency through increased strength and coordination of adjacent 

musculature may reduce impulse loading and shear stress within the articular hyaline 

cartilage and reduce undue stress to ligamentous support tissue.  Both types of stress 

and subsequent injury are thought to promote the osteoarthritic degenerative 

process (Beaupre, Stevens, & Carter, 2000; Carter et al., 2004; Lane Smith et al., 
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2000; Moskowitz, Altman, Hochberg, Buckwalter, & Goldberg, 2007; O'Connor & 

Brandt, 1993; Smith, Carter, & Schurman, 2004).  

While evidence has supported the use of exercise to improve strength and 

flexibility of affected joints, additional evidence indicates that the neuromuscular 

health of adjacent joint systems is also important to improving the health of the 

diseased articulation.  Some evidence indicates that joint systems of the lower 

extremity function differently when performing functional “closed-chain” activities 

than when performing non-functional “open chain” activities.  Because of this it has 

been proposed that assessment and treatment of patients suffering from one form of 

anterior compartment OA, patellofemoral pain syndrome, should include evaluation 

and treatment utilizing patient performance of functional activities (Powers et al., 

2003; Powers, 2003). 

In the November 2003 issue of the Journal of Orthopedic and Sports Physical 

Therapy, several articles were presented that focused on the relationship of knee 

pathology and stability of the entire lower extremity, pelvis, and trunk.  Powers 

(2003), in a clinical commentary, posited that patellar malalignment, the most likely 

cause of patellofemoral pain syndrome, may not be a result of an abnormality of the 

patellofemoral joint itself but rather a result of abnormal motion of the tibia and 

femur created by loss of “proximal stability” created at the hip and pelvis, and “distal 

stability” created at the foot and ankle during closed chain activities such as the step 

down or unilateral squat. 
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Working from this paradigm, one experimental research study and one 

clinical case report were published in this same issue of JOSPT. Both illustrated the 

practical implications of this theory.  In the first experimental study, Ireland, Willson, 

Ballantyne and Davis (2003) investigated hip strength in females with and without 

patellofemoral pain syndrome.  It was found that patients with patellofemoral pain 

syndrome demonstrated 26% less hip abduction strength (p<.001) and 36% less hip 

external rotation strength (p<.001) (Ireland, Willson, Ballantyne, & Davis, 2003). 

The clinical case report presented in this same issue outlined the assessment 

and treatment of two patients suffering from early osteoarthritis of the anterior 

compartment.  The treatments focused primarily on strength and coordination 

training of the hip musculature.  The exercises used began in the open chain (non-

weight bearing) and moved to weight bearing as soon as the patients had adequate 

strength and coordination to perform closed chain activities safely.  These treatments 

were based on the paradigm described by Powers (2003) and the results of 

traditional and newer functional clinical tests and measures.  These tests and 

measures consisted of isolated strength testing of individual muscles and muscle 

groups of the pelvic girdle and also on visual assessment of the patients performing a 

step down on a simulated staircase.  The authors noted that the patients displayed 

signs of significant discoordination and weakness during these closed chain activities. 

However, this assessment was made without a standardized method or tool (Mascal, 

Landel, & Powers, 2003). 
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Attempts have been made to develop methods of assessment that can be 

utilized in the clinical setting to measure neuromuscular deficit that appear when a 

patient is performing a functional or “closed chain” task at the lower extremity 

(Chmielewski et al., 2007; McLean S.G. et al., 2005b; Willson J.D. & Davis, 2007b).  

The optimal assessment tool would allow the clinician to reliably identify the 

anatomical segments where coordination deficits exist and the degree and 

directionality of these pathological movements.  This type of tool would then allow 

the treating clinician to implement exercise protocols to address the area of 

pathological motion in a more effective and efficient manner.  For example, if a 

patient were observed traversing a set of stairs and the patient was observed to have 

an abnormally high degree of thigh adduction with contralateral pelvic drop 

throughout the process of weight acceptance, the therapist could implement a plan 

of closed chain exercise to reduce this pathological motion.  A comprehensive 

method of assessment of this type has been recently developed (Chmielewski et al., 

2007). 

Measuring dysfunction through Visual Observational Assessment (VOA) is a 

practice that physical therapists use to infer abnormal movement patterns due to 

muscle weakness and/or neuromuscular coordination abnormalities.  Some 

populations using VOA methods have been found to display measures with clinically 

acceptable levels of reliability when measuring movement dysfunction during 

complex movement patterns such as ambulation (Wrisley, Marchetti, Kuharsky, & 
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Whitney, 2004).  Understanding the level of reliability of VOA tests is necessary to 

ensure that treatments based on VOA measures effectively reduce patient 

impairment. 

Clinicians who use functional rehabilitation concepts commonly rely upon 

assessment methods that utilize VOA of functional activities.  A specific example of 

this testing is the single leg squat test (See Figure 1.1).  The typical method of 

assessment with a task of this type is to ask the patient to perform the squatting 

activity to a specified knee angle while the clinician takes note of the patients ability 

to maintain normal trunk, pelvis, and lower extremity alignment through coordinated  

muscle activity.  Despite the wide spread use of VOA to assess patient performance 

of the single leg squat in the clinic, reliability of this assessment produced by 

Figure 1.1  Example of a patient subject performing the single leg squat 

maneuver. 
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experienced and student physical therapists has been found to be below that 

considered acceptable for clinical application (Chmielewski et al., 2007; Poulsen & 

James, 2009). 

It is also important to know what level student physical therapist populations 

display when performing VOA.  Anecdotal evidence indicates that, health insurance 

payers have made a case for limiting reimbursement for assessments and treatments 

provided by student physical therapists.  One reason given for this limitation in 

reimbursement is that student services may be less effective than those provided by 

an experienced physical therapist.  This limitation in reimbursement can be an 

obstruction to economically viable clinical education.  Clinical instructors will be less 

likely to educate students in the clinic if services provided by students are not 

reimbursable.   

In addition to investigating reliability in both licensed clinicians and student 

physical therapists, it is also important to determine the external validity of such 

observed reliability.  Past research regarding reliability of VOA of the single leg squat 

has only been determined when measures were made of a normal-healthy sample 

group (Chmielewski et al., 2007; Poulsen & James, 2009).  It is necessary to 

determine reliability levels when measures are made of sample groups representing 

the patient population in which the assessment tool is expected to be used.  Unique 

characteristics of the patient population, not displayed by healthy-normal individuals, 

may affect reliability of measures.   
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Improvement of reliability has been shown to be possible.  Previous research 

by Poulsen and James (2009) shows that with minor adjustments to the assessment 

tool, reliability in student populations can exceed previously found levels by 

Chmielewski (2007).  The intra-rater reliability values in this previous research 

exceeded the minimum necessary for most student subjects.  However, overall inter-

rater reliability remained below that considered necessary for clinical application.  

Additional methods for improving reliability have yet to be explored.  The most 

promising potential method lies with incorporating a short period of uniform 

education on how to perform VOA.  Almost all other methods of clinical assessment 

that clinicians use are accompanied by such a period of standard education.  Use of 

Cognitive Apprenticeship (CA) to improve clinical assessment reliability has been 

utilized in clinical education (Normative Model 2004; Dolmans, Wolfhagen, Essed, 

Scherpbie, & van der Vleuten, 2002) and some evidence indicates that it can be used 

for improving clinician reliability of VOA measures (American Physical Therapy 

Association, 2004; Dolmans, D.H.J.M. et al., 2002; Seymour & Dybel, 1998).  In 

particular, Collins (2006) describes specific characteristics of the CA model that seem 

to most appropriately fit training of individuals for performance of VOA (Collins, 

2006).  Instruction on domain knowledge and heuristics followed by specific methods 

designed to impart expert technique (i.e. modeling, coaching, and reflection) may 

provide the opportunity for students and licensed clinicians to develop the ability to 

perform a specific VOA technique with a clinically acceptable level of intra- and inter-
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rater reliability.  Despite indications that this model of education has resulted in 

successful training of clinicians in other methods of clinical assessment, there have 

been no formal investigations into whether or not this educational method would 

enhance performance of VOA of the single leg squat.  Therefore, the addition of an 

evidence-based CA educational program to enhance intra- and inter-rater reliability is 

a logical next step in the development of the single leg squat VOA method.   

Purpose, Research Question & Hypothesis 

The purpose of this exploratory study was to determine if applying a standard 

method of education, Cognitive Apprenticeship, will improve reliability of student 

physical therapist measures of movement quality in patients diagnosed with 

osteoarthritis; and to determine if a standard method of education can improve the 

concurrent validity of student measures of movement quality.  Although the research 

design for this project was experimental, this project was considered exploratory as 

there is a relative absence of any literature reporting the efficacy of CA as an 

educational intervention. 

The objectives, research questions and hypotheses of this study were as follows: 

Objective, Research Question and Hypothesis 1 

Determine if participation in a CA educational program significantly improves inter-

rater reliability of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis. 
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Research Question 1: Does participation in a CA educational program significantly 

improve inter-rater reliability of measures produced by student physical therapists 

performing visual observational assessment of patients suffering from osteoarthritis? 

Research Hypothesis 1:  Participation in a CA educational program significantly 

improves inter-rater reliability of measures produced by student physical therapists 

performing visual observational assessment of patients suffering from osteoarthritis. 

Objective, Research Question and Hypothesis 2 

Determine if participation in a CA educational program significantly improves intra- 

rater reliability of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis. 

Research Question 2: Does participation in a CA educational program significantly 

improve intra-rater reliability of measures produced by student physical therapists 

performing visual observational assessment of patients suffering from osteoarthritis? 

Research Hypothesis 2:  Participation in a CA educational program significantly 

improves intra- rater reliability of measures produced by student physical therapists 

performing visual observational assessment of patients suffering from osteoarthritis. 

Objective, Research Question and Hypothesis 3 

Determine if participation in a CA educational program significantly improves the 

concurrent validity of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis. 
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Research Question 3: Does participation in a CA educational program significantly 

improve the concurrent validity of measures produced by student physical therapists 

performing visual observational assessment of patients suffering from osteoarthritis? 

Research Hypothesis 3:  Participation in a CA educational program significantly 

improves the concurrent validity of measures produced by student physical 

therapists performing visual observational assessment of patients suffering from 

osteoarthritis. 

Definition of Terms 

1. Closed Kinetic Chain – A movement pattern or posture in which the distal 

segment of a limb of interest is fixed.  Typically this involves fixation of the 

distal lower extremity to the ground. 

2. Coaching – Observing students while they carry out a task and offering hints, 

challenges, scaffolding, feedback, modeling, reminders, and new tasks aimed 

at bringing their performance closer to expert performance (Collins, 2006; 

Darabi, 2005a). 

3. Cognitive Apprenticeship – a framework for teaching and curriculum design 

which emphasizes the acquisition of knowledge and skills in a manner that 

imparts expertise from the instructor to the student but, that also fosters the 

students ability to transfer this expertise to multiple settings for independent 

problem solving (Collins, 2006; Darabi, 2005a). 
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4. Concurrent Validity – Establishes validity when two measures are taken at 

relatively the same time.  Most often used when the target test is considered 

more efficient than the gold standard and, therefore, can be used instead of 

the gold standard. (Portney and Watkins, 2009)  In the case of the current 

study, concurrent validity will be determined through comparison of SPT VOA 

measures and the reference standard produced by an expert physical 

therapist (DP). 

5. Domain Knowledge – The concepts, facts, and procedures explicitly identified 

with a particular subject matter.  Generally found in school textbooks, class 

lectures, and demonstrations (Collins, 2006). 

6. Expert Physical Therapist (EPT) – A physical therapist who has undergone 3 

years of practical clinical training in the performance of qualitative 

assessment of patient performance of the single leg squat.  In this study the 

principal investigator (Daniel Poulsen) will serve as the EPT. 

7. Functional Activity – A movement that is similar to a common human activity 

of daily living.  It often involves closed kinetic chain postures and movement 

patterns.  The common objective when utilizing a functional movement is to 

simulate a common activity of daily living to better assess a patients 

limitations and treat those limitations in an authentic manner. 



Texas Tech University, Daniel R. Poulsen, II, August 2009 

 

13 

8. General Model – A mental model of a concept (or concepts) that can be 

applied when problem solving in various settings.  A student who is taught a 

general model can apply a concept (or concepts) in a setting outside the one 

in which the concept was learned to solve problems (Modell, 2000). 

9. Heuristic Strategies – Generally effective techniques and approaches for 

accomplishing tasks that might be regarded as “tricks of the trade” (Collins, 

2006). 

10. Modeling – An expert performing a task so that the students can observe and 

build a conceptual model of the processes that are required to accomplish it 

(Collins, 2006; Darabi, 2005b). 

11. Osteoarthritis – A non-systemic disease of the musculoskeletal system 

characterized by degeneration of tissue of a joint including ligamentous laxity, 

bony overgrowth, cartilage destruction and inflammation.  This disease 

process often progresses to eventually cause limitations in an affected 

patient’s ability to perform activities of daily living.  In this study only patients 

with hip and/or knee osteoarthritis were included. 

12. Reflection – Enabling students to compare their own problem solving 

processes with those of an expert, another student, and ultimately, an 

internal cognitive model of expertise (Collins, 2006; Darabi, 2005a). 
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13. Reliability – The consistent performance of a specific activity.   

14. Single Leg Squat – An activity in which a patient stands on one leg and 

proceeds to lower the body through coordinated ankle, knee and hip flexion 

in a controlled manner. 

15. Student Physical Therapist (SPT)- Persons who have completed a minimum of 

the first two semesters of physical therapy education in the Texas Tech 

University Health Sciences Center Doctor of Physical Therapy Program.   

16. Visual Observational Assessment (VOA) – The practice of evaluating a patient 

for movement dysfunction through observing the patient perform a specific 

physical task.(Bernhardt, Matyas, & Bate, 2002) 

 

 

 

Assumptions and Limitations 

Assumptions of the Study 

• Student subjects will not discuss the measures they made following 

VOA session one and VOA session two which might otherwise 

artificially increase inter-rater reliability.   
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• Student subjects will not receive instruction prior to, or between 

testing sessions which would artificially inflate or depress intra- or 

inter-rater reliability. 

• Student physical therapist subjects will not remember assessment 

measures made within VOA session one and VOA session two which 

would cause an artificial inflation of intra-rater reliability.   

• Student physical therapist experimental and control groups have 

similar characteristics, and therefore, differences found in the 

reliability of each group can be attributed to the CA educational 

intervention (independent variable). 

Limitations of the Study 

• The possibility of a compensatory rivalry or resentful demoralization of 

respondents receiving less desirable treatments (Portney and Watkins, 

2009) effect exists.  If the control group subjects became aware that 

they were not receiving the educational intervention this could have 

caused this group to change their natural behavior.  All 

communication with both groups of student subjects was reviewed for 

any language that might have indicated a unequal treatment between 

groups was occurring in order to eliminate such language.  

Additionally, intervention group student subjects did not know they 
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were receiving the educational intervention until just prior to the post-

test data collection.  Therefore, there was only a very small window of 

time between the intervention group post-test and educational 

intervention session and the post-test data collection for the control 

group.  However, this small window of 15 minutes could have allowed 

for intervention group subjects to speak with controls waiting in the 

hallways outside the data collection lecture hall and reveal to them 

the discrepancy between subject treatments. 

• An experimenter effect may have occurred because the principal 

investigator was actively involved in the collection of all data and was 

responsible for directly implementing the educational intervention.  

This may have resulted in a Hawthorne effect in which the principal 

investigator interacted the control group differently than the 

treatment group in a way which changed the performance of either 

group. 
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CHAPTER 2: REVIEW OF LITERATURE 

Introduction 

The purpose of this exploratory study was to determine if applying a standard 

method of education, Cognitive Apprenticeship (CA), will improve reliability of 

student physical therapist measures of movement quality in patients diagnosed with 

osteoarthritis; and to determine if a standard method of education can improve the 

concurrent validity of student measures of movement quality.  This project was 

considered exploratory as there is a relative absence of any literature reporting the 

efficacy of CA as an educational intervention. 

The following review begins with relevant summaries of research that have 

focused on the relationship between functional measures of patients and lower 

extremity pathology, particularly lower extremity osteoarthritis.  The review then 

turns to publications that focused on student and licensed clinician reliability when 

utilizing functional assessments based on visual observation.  Following this general 

information on visual observational assessment research, more specific summaries of 

the publications by Chmielewski (2007) and Poulsen & James (2009) regarding visual 

observational assessment of the single leg squat are presented.  Finally, a review of 

relevant educational theory is presented.   
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Relationship Between Functional Assessment of the Lower Extremity and 

Osteoarthritis 

Osteoarthritis (OA) is a highly prevalent and debilitating disease affecting 

synovial joints.  This disease process is manifested anatomically by pathological 

changes to articular tissues such as cartilage, subchondral bone, ligaments and 

synovium.  These degenerative changes often translate into clinical symptoms of 

pain, crepitus and stiffness which ultimately cause limitations in patient function and 

quality of life.  The etiology of OA is believed to be multifactorial.  Of the factors 

implicated in the onset and progression of this disease, neuromuscular control is 

considered to be a primary consideration in OA etiology. Evidence indicates that the 

ability of the musculature surrounding joints of the trunk, pelvis and lower extremity 

to control movement in a coordinated and well-timed manner in response to 

external and internal forces encountered during movement is especially important to 

the health of lower extremity articulations.  Inability to control motion between joint 

surfaces can create macrotraumatic injury which grossly changes the articular surface 

and surrounding non-contractile support tissues of the joint (Andriacchi et al., 2004; 

Bennell & Hinman, 2005; Brandt, 2004; Buckwalter, 2003; Jackson, Wluka, Teichtahl, 

Morris, & Cicuttini, 2004; Moskowitz et al., 2007; Shakoor & Moisio, 2004; Suetta et 

al., 2004). 

The association between gross neural pathology and OA onset and 

progression has been well documented (Boehm, 1962; Buck-Gramcko, 1977; Gupta, 
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1993; MARTIN, 1952; Moskowitz et al., 2007; Petrova & Edmonds, 2008; Slowman-

Kovacs, Braunstein, & Brandt, 1990; Steinberg, Duthie, & Piva, 1962; Volken, 

Buchard, & Gerster, 1993).  OA progression and severity has also been correlated 

with more subtle deficits in neuromuscular control such as muscle weakness and 

improper muscle activation timing.  A growing amount of evidence from both animal 

and human subjects research supports this hypothesis that more subtle 

neuromuscular deficits may increase propensity for acquiring OA and increase 

progression of OA particularly in the unstable joint (Becker, Berth, Nehring, & 

Awiszus, 2004; Birmingham et al., 2001; Gill & O'Connor, 2003; Hubley-Kozey, 

Deluzio, Landry, McNutt, & Stanish, 2006; Mairet, Maisetti, Rolland, & Portero, 2008; 

O'Connor & Brandt, 1993; O'Connor, Visco, Rogers, Mamlin, & Brandt, 1999; 

O'Connor & Vilensky, 2003; Salo, Hogervorst, Seerattan, Rucker, & Bray, 2002; 

Scarvell, Smith, Refshauge, Galloway, & Woods, 2005). 

From this evidence, researchers and clinicians have begun promoting the 

development and implementation of assessment and treatment methods that target 

specific neuromuscular deficits in those with OA or who are at increased risk of 

developing the disease.  The primary goals of such assessment procedures are to 

determine where specific abnormalities in control exist at the various segments of 

the body and to what magnitude these deficits exist when performing a functional 

task (i.e. single leg squat).  In turn, the treatments proposed focus on improving 

timing and strength of muscle activation in order to reduce specific observed deficits 
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and to protect the joints involved in the functional activity.  As in the assessment 

procedures, these treatments often utilize similar functional exercises to improve 

both timing and strength of contraction in a safe manner (Astephen, Deluzio, 

Caldwell, Dunbar, & Hubley-Kozey, 2008; Bennell & Hinman, 2005; Buckwalter, 2003; 

Chmielewski et al., 2007; Irwin, Wening, Bhatt, & Pai, 2005; Shakoor & Moisio, 2004; 

Vad, Hong, Zazzali, Agi, & Basrai, 2002; von Porat, Henriksson, Holmstrom, & Roos, 

2007; Willson J.D. & Davis, 2007a). Evidence supporting development and 

implementation of such assessment and treatment procedures is strong.  However, 

the development of specific neuromuscular assessment techniques for the clinical 

setting remains limited.   

Two major factors limiting functional assessment in the clinical setting are 

cost and reliability.  Neuromuscular assessment methods such as electromyography, 

3-dimensional visual marker systems and inverse dynamics require state-of-the art 

equipment not available to most clinicians.  Some investigators have used more cost-

effective 2-dimensional (2-D) methods of assessment using simple video cameras and 

video digitizing equipment to analyze magnitude of joint and limb segment motions.  

These methods have been found to correlate well with the more costly 3-

dimensional methods of assessment (McLean S.G. et al., 2005a).  Evidence indicates 

that 2-D analysis may have good concurrent validity regarding diagnosis of 

patellofemoral pain syndrome and usefulness in treated specific abnormality in 
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frontal plane knee movement in runners (Willson J.D. & Davis, 2007a; Willson J.D. & 

Davis, 2008).   

Other researchers have developed functional assessment methods that 

measure degree of “excursion” by the contralateral limb during a unilateral squatting 

activity.  This method requires the patient to stand on one leg and reach in a 

specified direction with the contralateral limb as far as possible.  This maneuver 

forces unilateral squatting while taxing the ability of the neuromuscular system to 

maintain an upright posture.  The “excursion” method of assessment results in a 

quantitative numerical value representing how far the patient was able to reach with 

the contralateral limb without losing balance.  This method has been found to have 

an acceptable degree of test-retest, intra-rater and inter-rater reliability (Kinzey & 

Armstrong, 1998).  In addition to having good reliability, star-excursion tests have 

been found to also have good predictive validity in certain groups regarding injury 

risk (Olmsted, Carcia, Hertel, & Shultz, 2002; Plisky, Rauh, Kaminski, & Underwood, 

2006).  

Despite the promising results of these clinical assessment methods, they lack 

the ability to objectively grade subtle patterns of abnormal neuromuscular control at 

all the segments involved in functional activity of the lower extremity.  The star 

excursion test does give an indirect measure of neuromuscular deficit of all segments 

involved (trunk, pelvis and lower extremity); however, it does not provide 

information as to where the deficit, or deficits, exist.  Current two-Dimensional 
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methods of assessment give specific information about neuromuscular deficit but, 

they only provide quantity of movement and only so at the knee in the frontal plane. 

The ability to more specifically identify areas of movement deficit at each of 

the segments involved in performance of a functional task may allow exercise 

programs and neuromuscular training of patients to become more effective and 

efficient.  Additionally, the ability to perform an assessment that includes all 

segments which contribute to normal motion ensures that potential causes of 

abnormal joint kinematics and eventual degenerative injury are not overlooked.  This 

is important as evidence indicates that muscle strength and stability at one part of 

the kinematic system (i.e. the trunk and pelvis) has a direct effect on mechanical 

stress created at other parts of the kinematic system (i.e. knee).  Therefore, 

neuromuscular deficit at one portion of the kinematic system reflects potential for 

injury and degeneration during unilateral weight-bearing activities at another (Boling, 

Bolgla, Mattacola, Uhl, & Hosey, 2006; Claiborne, Armstrong, Gandhi, & Pincivero, 

2006; Hides, Wong, Wilson, Belavy, & Richardson, 2007; Ireland et al., 2003; Willson 

J.D. et al., 2005; Willson J.D. et al., 2006).  With a  more global assessment of quality 

at all segments of motion a deficit in trunk control may be identified and efficiently 

treated resulting in a more thorough prevention of lower extremity joint 

degeneration. 
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The Visual Observational Assessment Tool 

An answer to the limited ability to assess specific joints while and creating a 

comprehensive assessment of patient motor control may be the use of visual 

observational assessment with a specific grading scale for movement quality.  A 

specific scale with associated levels of measurement reliability was first developed by 

Chmielewski (2007).  This scale was developed based upon expert knowledge of 

normal and pathological human kinematics to ensure face validity.  It consists of 

symbols that correlate with a set of defined criteria for each symbol.  The symbol 

assigned is then given a numerical value from 0 to 15.  The specific method of 

assessment requires the clinician to assign one of four symbols to each of three 

segments of interest (trunk, hips, and pelvis).  Therefore, each segment being 

assessed by the specific method receives one of four possible scores (0, 5, 10, or 15) 

(Figure 2.1). 
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Figure 2.1 Chmielewski’s original tool for evaluating quality of movement 

(Chmielewski et al., 2007). 

 

 

For this specific scale intra-rater reliability, as measured by weighted kappa 

coefficients, ranged between 0.38-0.53 when assessing single leg squat performance 

in healthy individuals; and inter-rater reliability was found to be 0.18 (Chmielewski et 

al., 2007).  These levels of reliability would not be considered adequate (≥0.90) for 

supporting clinical decision making.  (Portney & Watkins, 2009).  Despite the lower 

than needed levels of reliability shown in these results, Chmielewski (2007) stated 

that these levels of reliability indicated greater than chance levels of intra-rater and 

inter-rater agreement.  These authors also concluded that, with refinement of the 

tool, agreement may be improved.  One suggestion was changing the symbols of the 

grading scale to a more intuitive numerical grading system.  Chmielewski  (2007) also 
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suggested using stricter criteria for each level of the grading scale accompanied by 

explicit instruction on how to perform the assessment.  

Reliability of VOA measures generated by student physical therapists was 

investigated in a subsequent study by Poulsen and James (2009).  In this study a 

modified VOA tool, which was based on Chmielewski’s VOA tool, was used by student 

physical therapists to perform VOA of healthy individuals performing a single leg 

squat.  Measures made by student physical therapists using this modified scale 

displayed an overall inter-rater reliability of 0.68 and intra-rater reliability ranging 

between 0.38-0.94.  The results of this study showed that reliability of student 

measures of movement were near levels considered necessary for clinical use (Table 

2.1). 
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In addition to issues of lower-than-clinically acceptable levels of reliability, both of 

these previous studies utilized healthy individuals for assessment by the experienced 

and student physical therapists.  Evidence that assessment reliability of these levels 

exist when assessing an actual patient population is needed.  The external validity of 

Table 2.1 

Summary of Findings by Poulsen and James (2009) 

Inter-rater Qualitative Reliability Weighted Kappa Coefficient  

(95% Confidence Interval) 

 

Generalized Weighted Kappa   0.68 (0.46-0.87) 

  

 

Intra-rater Qualitative Reliability Weighted Kappa Coefficient (As 

determined via ICC) 

(95% Confidence Interval) 

 

Subject 1: 0.76 (0.36-0.93) 
 

Subject 2: 0.89 (0.66-0.97) 
 

Subject 3: 0.70 (0.23-0.90) 
 

Subject 4: 0.38 (-0.22-0.77) 
 

Subject 5: 0.85 (0.56-0.95) 
 

Subject 6: 0.94 (0.80-0.98) 
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previous reliability studies can be questioned due to known differences in 

neuromuscular control between normal healthy individuals and patients suffering 

from degenerative joint disease such as OA (Astephen et al., 2008; Becker et al., 

2004; Brandt, 2004; Hubley-Kozey et al., 2006; Mairet et al., 2008; Scarvell et al., 

2005; Suetta et al., 2007).  These differences may influence the reliability displayed 

by experienced and student physical therapists in these previous studies. 

Current evidence indicates that when assessing healthy individuals, both 

experienced physical therapists and student physical therapists can assess movement 

quality of osteoarthritic patients performing a single leg squat using VOA methods 

with a reliability that is near the threshold considered “Good” (≥0.75).  This level of 

reliability indicates that this method of clinical measurement may be used in 

combination with other tests and measures to guide treatment decision-making.  

However, if an examination method has a level of reliability only considered “Good” 

it should not be used by itself as a key measure of patient health (Portney & Watkins, 

2009).  For this method of assessment to be considered a key measure to be used in 

clinical decision-making by both student and professional physical therapists, it must 

be shown that reliability can consistently exceed a threshold considered necessary 

(≥0.90) for such a use.  Therefore, further methods of improving assessment 

reliability are needed.  Also, to ensure external validity of findings, reliability of VOA 

measures made by SPT’s must be established when assessing an actual patient 

population.  
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Improving Assessment Reliability and Concurrent Validity 

The importance of assessment reliability and concurrent validity is stressed in 

healthcare literature, in healthcare educational circles and in professional healthcare 

organizations.  One of the primary methods of measuring the usefulness of a clinical 

method of assessment is the degree of reliability that is observed when clinicians 

implement the assessment and the degree of correct performance.  Particularly in 

orthopedic physical therapy practice, Intraclass Correlation (ICC) and kappa values 

representing the degree of reliable assessment implementation are regularly 

published.  In accordance with the emphasis placed on reliability and concurrent 

validity are a plethora of educational texts and courses focused on the correct 

performance of assessment techniques.  A major goal of these educational 

opportunities is to foster uniform performance of an assessment technique in order 

to enhance reliability of the resultant measure or diagnosis and to ensure that 

clinicians perform the assessment technique in the same manner as the inventor 

and/or expert clinician.  Despite the wealth of educational materials and methods 

used to enhance assessment reliability and concurrent validity, a search of the 

literature reveals a relative absence of evidence supporting the effectiveness of any 

particular educational method to improve reliability and concurrent validity of 

assessment measures.  

A small number of articles have focused on reliability of assessment following 

instruction.  However, these studies were not well developed in their foundational 
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educational theory and therefore did not provide an opportunity for translation of 

educational methods to improving other types of assessment performance (Bybee & 

Dionne, 2007; Brymer, Cavanagh, Denomy, Wells, & Cook, 2001; Evans, 2004; Feldt, 

2000; Karlsten, Ström, & Gunningberg, 2005; Metcalfe, 2004). 

Performing an experimental study to determine if a particular method of 

instruction can improve the reliability and concurrent validity of assessment 

performance would provide an opportunity to identify an educational method which 

may be applied to improve the clinician performance of many other assessment 

methods.   

Providing experimental evidence that a particular educational framework can 

be used to improve assessment measure reliability and concurrent validity could be 

useful to clinician educators attempting to improve reliability of student and licensed 

clinician performance of assessment techniques in the didactic education as well as 

resident clinical education environments.  Providing experimental evidence 

supporting a particular educational model could also be valuable when attempting to 

duplicate assessment technique among clinicians involved in studies which assess the 

diagnostic accuracy of a clinical assessment technique.  Disparities in sensitivity and 

specificity of many orthopedic clinical assessment techniques has been reported 

(Cook & Hegedus 2009).  If an evidence-based educational model was found to foster 

duplication of assessment performance, it could be implemented to educate 

clinicians in order to ensure uniform performance of an assessment technique.  
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Uniform performance of an assessment technique could reduce clinician 

performance as a source of error when determining an assessment techniques 

diagnostic accuracy (e.g. sensitivity & specificity). 

Education to Improve Visual Observational Assessment 

Webster’s states that to educate means 
a
to provide schooling for or 

b
to train 

by formal instruction and supervised practice especially in a skill, trade, or profession 

(Merriam-Webster, 2008).  All licensed healthcare professionals are educated in 

order to ensure their ability to reliably and effectively assess and treat patients 

(American Physical Therapy Association, 2004).  In the didactic lecture setting 

theories, principles and data are presented which support best clinical practice.  In 

laboratory and practical clinical training, physical therapist students are exposed to 

correct performance of assessment and treatment technique.  Without this uniform 

education in foundational theory and practical application, it would be considered 

unreasonable to expect a clinician to implement assessment and treatment 

procedures with a high degree of reliability and accuracy.  Collins (2006) emphasizes 

the importance of “Cognitive Apprenticeship” when teaching complex cognitive skills 

such as VOA which require expert development.  Just as Lave (1988) identified 

primary characteristics of traditional apprenticeship, Collins (2006) has developed a 

model for building educational programming that fosters the acquisition of expert 

cognitive problem solving skills like those displayed by healthcare professionals when 
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performing VOA (Collins, 2006; Lave, 1988).  In fact, for many years medical 

education has utilized CA in the clinical setting to train its physicians but, has simply 

not labeled it so.  Recently medical educators have begun to formally describe how 

the characteristics of clinical education match those of the CA model (Dolmans, 

D.H.J.M. et al., 2002). 

Cognitive Apprenticeship focuses on the transfer of expertise through 

instruction of specific content, but then implementing methods which enable 

learners to become independent problem solvers, like their expert instructors, 

through well defined authentic opportunities to implement newly acquired 

knowledge (Collins, 2006; Darabi, 2005a). While the various subparts or aspects of 

the CA method of instruction are not particularly novel, the sequencing of instruction 

in CA promotes the acquisition of how to problem solve and perform skills in a 

manner similar to that of an expert.  Novice learners are taken through two primary 

stages in the CA learning process.  First, students are introduced to discrete 

knowledge-type information in the content instruction phase.  Second, students 

participate in instructional opportunities to organize and implement the content 

information through practical experiences.   

The primary aspects of content instruction in the CA model that most directly 

apply to the development of clinical assessment expertise include instruction on 

domain knowledge and heuristic technique types. Following content implementation, 

it is most appropriate to then turn to more authentic methods of instruction in the 
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CA model termed modeling, coaching and reflection, which allow the learner to 

organize and implement newly acquired VOA knowledge and skills through 

participation in practical and authentic assessment activities. 

While many other forms of instruction focus on both knowledge level 

instruction and higher order problem-solving to promote understanding, CA 

describes the specific sequencing in which this type of instruction should occur in 

order to ensure that students eventually develop expert level problem solving and 

skill-performance ability.  CA is a method of ordering traditional learning activities in 

a way that ensures that students are trained to apply cognitive domain 

understandings in authentic “real-life” problem solving and skill performance in a 

manner identical to that of the expert. 

Collins (2006) suggests that early portions of CA should emphasize domain 

knowledge such as concepts, facts, and procedures that are explicitly defined.  It is 

stated that this early introduction of domain knowledge will allow learners a 

foundation that can be transferred to multiple situations.  Later this domain 

knowledge can be implemented in authentic environments in which problem solving 

will be undertaken in the domain of interest.  Similar to this idea of early 

implementation of domain knowledge is the recommendation by Modell (2000) to 

use general models when teaching complex cognitive skills or training complex 

problem-solving ability.  Modell recommends that learners be given an opportunity 

in the beginning of an educational experience to gain an understanding and 
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knowledge of general models.  According to Modell to teach general models is to 

explicitly impart conceptual understandings of how a particular system of interest 

works.  Having a foundational knowledge of how system subparts interact and 

function together should give learners a greater ability to recognize and record 

information about important aspects of a system of interest and then organize this 

information to reveal and describe patterns observed (Modell, 2000).   

For the topic of visual observational assessment, learners can be taught such 

knowledge and conceptual understandings as the parts of the lower extremity of 

interest in visual observational assessment and the typical kinesiological and 

neuromuscular control patterns these subparts typically display.  In addition to this, 

the learner is typically introduced to the systematic or stepwise process by which it is 

appropriate to approach the system of interest or perform the skill being learned 

(APTA Normative Model 2004).  Having both discrete knowledge of subparts of a 

system, as well as a conceptual understanding of how a system functions and an 

orderly process by which to observe it, should improve the learners ability to make 

correct observations.  Being comfortable with a particular system of interest and how 

it functions should enable the observer to more readily deal with large amounts of 

data by giving them the tools to efficiently categorize observations.  With regard to 

the skill of performing VOA of a SLS, the learner should display better assessment 

reliability and accuracy even when observing multiple patients in various clinical 

settings because they can accurately identify parts of the relevant anatomy as well as 
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be prepared to categorize movement of these subparts as the learner performs a 

concrete method of skill performance.   

The second type of content from the CA model that should be included in a 

curriculum designed to train a learner to perform a clinical skill is that of the heuristic 

technique type (Dolmans, D.H.J.M. et al., 2002).  Heuristic techniques are those that 

have been developed by experts through practice and that work in most cases.  

Koedinger (2006) describes heuristic as how a good problem solver may think 

through a plan of action (Koedinger & Corbett, 2006).  Explicitly sharing with learners 

what are commonly considered “tricks of the trade” lead to efficient ability to 

perform the skill of interest in the same way that experts perform the skill.  Heuristic 

techniques can and should be shared with learners explicitly during the formative 

stages of skill acquisition following education on basic domain knowledge.  This is 

because domain knowledge first gives learners the factual knowledge by which to 

frame the domain of interest and enables them to recognize the important aspects of 

the domain of interest with accuracy.  Heuristics build upon domain knowledge by 

giving learners tools to then approach a system of interest, organize and problem 

solve in a more efficient manner. 

Heuristic techniques do not work all of the time but, even when they do not, 

learners have the ability to fall back on domain knowledge in order to recognize, 

record and interpret data.  So why use heuristics if they do not work in all scenarios?  

The reason is that heuristics are methods developed by experts that have been found 
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to reduce information overload through efficient methods of data management 

(Kleider & Goldinger, 2006; Kopelman & Davis, 2004; Singh, 2004).  This increase in 

efficiency may allow learners to quickly locate important data of interest and 

interpret them.  Reducing the amount of time dealing with unimportant data allows 

less opportunity for overemphasis of irrelevant information, which may result in poor 

problem solving or data interpretation.  In the case of VOA of the single leg squat, 

learners can be taught that a majority of abnormal control at the pelvis is a 

contralateral depression in the frontal plane.  Therefore, instructing learners to first 

scan at the pelvis for an abnormal contralateral depression will allow them to more 

quickly recognize this abnormal pattern; rather than first watching for rare 

movement patterns such as a sagittal plane nutation, transverse plane rotation. 

Despite the value of heuristics to improve efficiency of a skill, it is necessary 

that learners be reminded continually that heuristics should not be overemphasized 

to the degree that they cause the learner to disregard data.  To further elaborate on 

the example described above, if a frontal plane contralateral pelvic drop is not 

observed, an inappropriate use of the heuristic described would to then move on to 

another segment while interpreting the movement at the pelvis to be “normal” or 

“excellent”.  Attention should still be directed to the pelvis to determine if any other, 

less probable, pelvic control abnormality existed.  Koedinger & Corbett (2006) would 

label this mistake as not applying the “right level of generality” (Koedinger & Corbett, 

2006).  The heuristic of first observing for this common kinematic dysfunction could 
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be over-generalized by stating that if this pelvic dysfunction is not present then no 

further observation is necessary because no abnormal movement exists.  Therefore, 

the teaching of heuristics must be balanced with instruction to learners not to over 

generalize, but to continue to apply domain knowledge when problem solving in a 

particular system. 

Following explicit instruction in specific content, an opportunity to develop 

skill expertise should be employed through methods of modeling, coaching, and 

reflection.  Modeling is allowing learners the opportunity to view an expert 

performing the actual skill of interest in a scenario in which the skill would be applied 

in the clinic.  Coaching then logically follows modeling by allowing learners an 

opportunity to implement what they have learned in a similar authentic scenario.  

Reflection is a method which is intended to foster whole skill or problem solving 

ability rather than focusing on individual steps in problem solving through 

comparison of strategy and outcome to the expert, fellow learners and optimally the 

learners own internal cognitive model (Collins, 2006; Darabi, 2005a).   

Collins (2006, p. 50) describes modeling as “an expert performing a task so 

that the learners can observe and build a conceptual model of the processes that are 

required to accomplish it.”  For cognitive processes, such as VOA, the expert often 

performs externalization.  This is a process in which the expert communicates to the 

learner the thought processes through ongoing verbalization.  According to 

Schoenfeld (1998, p. 13), cognitive modeling is a method of constructing “rich 
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portrayals of the ways people interact with the world.”  Exposures to expert mental 

models are supposed to improve the learner’s ability to “grapple with complex 

phenomena”.  Accuracy of skill performance is improved as learners learn the 

sequential efficient methods of skill performance that the expert displays.  This 

occurs as learners internalize and employ these same expert cognitive models to 

problem solve and perform cognitive skills (Collins, 2006; Schoenfeld, 1998). 

McKeachie (2006) adds that in addition to displaying problem-solving 

strategies and thought processes through modeling, instructors should accompany 

this externalization with explanation of why they performed the skill in a particular 

manner.  This explanation is thought to improve learners’ ability to later apply the 

skill techniques they are learning on their own.  Perhaps this is because it allows the 

learner to create logical connections between information, further supporting long 

term retention of the learners own cognitive model. 

Modeling allows a unique ability to improve reliability of a set of learners in 

performing a cognitive skill.  Logically, if all learners (licensed clinicians or students) 

are exposed to modeling from one expert or from a set of experts with very similar 

approaches to a cognitive skill than all of the learners’ subsequent skill performance 

should be more similar to one another.  However, with all modeling and subsequent 

construction of the learners mental model, the degree to which each of the learners 

mental models are similar is not under direct control as they are constructed in the 
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mind of each individual learner.  Therefore, to enhance further uniformity one last 

method should be employed. 

Coaching is the step in CA that consists of observing learners while they carry 

out a task and offering hints, challenges, scaffolding, feedback, further modeling, 

reminders and new tasks aimed at bringing their performance closer to the expert 

performance. The expert has an opportunity to determine if the learner is performing 

the skill as they were educated.  Therefore, during coaching, the expert instructor is 

ensuring that skill performance is in a manner uniform to the experts with the aim of 

ensuring outcomes that would be similar or identical to that of the expert.  If all 

learners undergo this coaching method uniformity in performance and outcomes 

should also result between learners (Collins, 2006; Darabi, 2005a). 

The reflection process consists of the learner performing the skill being 

acquired and then comparing the results of their performance of the skill as well as 

the process they employed with that of the expert, other learners and eventually 

their own internal cognitive model.  While coaching could be described as a 

performance and feedback process which looks at the individual parts of task 

performance, reflection could be contrasted as a feedback process which focuses on 

the entirety of the skill performance.  To use the domain of VOA to elaborate, instead 

of being provided feedback after assessment of one segment of the body, reflection 

would involve looking at the end result of the VOA performance and then comparing 

the entire process of the learner undertook in VOA performance with an external 
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cognitive model (e.g. the expert instructor, fellow classmates, and a written 

procedure) or an internal cognitive model.  The reflection method should provide 

three primary keys to enhancing VOA performance consistency.   

First, it brings the learner to a stage where they are focusing more on the 

whole performance rather than its parts (Collins, 2006; Darabi, 2005a).  This should 

encourage the learner to begin to integrate distinct pieces of information and 

procedures into one coherent and efficient process.  This efficiency should create a 

less cumbersome and lengthy cognitive skill performance thus leaving less 

opportunity for error.  Second, this process encourages learners to bring their overall 

cognitive model of skill performance closer to the cognitive model employed by 

fellow classmates and experts.  Creating uniformity between fellow learners and 

between expert and learners should increase inter-observer reliability in the case of 

VOA. Third, it should allow the learner to develop a full mental model of how to 

expertly perform VOA that will be less likely to decay with time due to basic 

repetition and practice and due to the creation of logical connection between 

discrete parts of the VOA skill performance. 

Despite the detailed support for the use of the subparts of CA to improve 

learner expertise, no research has been reported on the effectiveness of CA to cause 

a measureable improvement in learner expertise.  The potential effectiveness of the 

CA method of instruction and curriculum design has yet to be determined.  Research 
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designed to specifically determine the effectiveness of CA on such learning outcomes 

as learner reliability in skill performance would be considered seminal. 

Summary 

Evidence exists that, to improve outcomes in prevention and treatment of 

lower extremity degenerative joint pathologies, clinically accessible tools that reliably 

assess patient performance of functional tasks should be developed.  The ability to 

consistently identify and quantify areas of poor neuromuscular control at all the 

segments of the kinematic system in a comprehensive manner while a patient is 

performing a functional task would better enable clinicians to identify abnormal 

movement patterns that contribute to joint pathology. Currently only a few methods 

exist to assess the lower extremity while performing a functional task.  Of these 

methods, only the assessment tool developed by Chmielewski (2007) and refined by 

Poulsen & James (2009) meets the criteria of measuring all the anatomical segments 

related to lower extremity movement. 

Despite the excellent characteristics of this assessment tool, questions of 

measure reliability remain.  In order to implement this tool to confidently guide 

decision making on patient care, reliability of measures must be shown to reach 

levels appropriate for clinical application.  Like other accepted methods of clinical 

instruction, the CA model can be used as an intervention to improve reliability.  CA 

employs traditional educational methods which have been supported in the 
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education literature to develop learner expertise in problem solving and skill 

performance.  However, evidence that implementation of CA model when devising 

curriculum to develop expertise does not yet exist.  

If an evidence-based method of curriculum design was found that could 

improve rater reliability and concurrent validity to an appropriate level necessary for 

clinical application, the application of such a method could occur in the clinical 

education and clinical research fields to further ensure diagnostic accuracy. 
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CHAPTER 3: METHODS AND PROCEDURES 

Purpose 

The purpose of this exploratory study was to determine if applying a standard 

method of education, Cognitive Apprenticeship (CA), would significantly improve 

inter-rater and intra-rater reliability and concurrent validity of student physical 

therapist measures of movement quality in patients diagnosed with osteoarthritis.  

Although the research design for this project was experimental, this project was 

considered exploratory as there is a relative absence of any literature reporting the 

efficacy of CA as an educational intervention. 

Research Design 

 A two group pretest-posttest control group design was used to examine the 

intra- and inter-rater reliability and concurrent validity of visual observational 

assessments (VOA) obtained from student physical therapists (SPT) following a CA 

educational intervention (Figure 3.1).  The two independent variables consisted of 

“time” and “group”.  Time consisted of two levels: pre-test and post-test.  Group 

consisted of control non-instructed physical therapy students and intervention 

instructed physical therapy students. 

Institutional Review Board for the protection of human subjects approval was 

sought and obtained via the Texas Tech University Health Sciences Center – Lubbock 

Institutional Review Board (See Appendix A). 



 

Figure 3.1: Pretest-Posttest Control Group Design 

and 2
nd

 year student physical therapists of the 

Sciences Center Doctor of Physical Therapy Program who have completed all 

didactic coursework related to anatomy, biomechanics and kinesiology.

 

There were two types of participants recruited for this study.  

Patients, were recruited to serve as patients performing a functional task that was 

recorded and added to a bank of video files.  It was necessary to create this bank of

video files for the student

recruited and assigned to either 

group.  Each group is described in further detail below.

N=47 

N=23 

N=24 

Texas Tech University, Daniel R. Poulsen, II

43 

Posttest Control Group Design – SPT- Convenience sample of 1

year student physical therapists of the Texas Tech University Health 

Doctor of Physical Therapy Program who have completed all 

didactic coursework related to anatomy, biomechanics and kinesiology.

Subjects 

General Description of Subjects 

There were two types of participants recruited for this study.  

recruited to serve as patients performing a functional task that was 

recorded and added to a bank of video files.  It was necessary to create this bank of

student subjects to evaluate.  Student physical therapists were 

assigned to either a CA instructed group or a non-instructed control 

group.  Each group is described in further detail below. 

 

Random Assignment 

Daniel R. Poulsen, II, August 2009 

 

Convenience sample of 1
st

 

Texas Tech University Health 

Doctor of Physical Therapy Program who have completed all 

didactic coursework related to anatomy, biomechanics and kinesiology. 

There were two types of participants recruited for this study.  Osteoarthritic 

recruited to serve as patients performing a functional task that was 

recorded and added to a bank of video files.  It was necessary to create this bank of 

to evaluate.  Student physical therapists were 

instructed control 
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Patients with Osteoarthritis 

Eighteen individuals with hip and/or knee osteoarthritis were recruited from 

local physical therapy clinics and the general Texas Tech University Health Sciences 

Center population of faculty and staff.  Determination of diagnosis of osteoarthritis of 

the hip and/or knee for the purposes of inclusion critera was conducted via a method 

of both subjective and objective data collection by the principal investigator.  

Screening first consisted of a subjective history which consisted of three questions.  

An answer in the affirmative was required for all three questions to be considered for 

inclusion as an osteoarthritic patient.  The three questions were as follows: 1) Has 

your primary care practitioner (e.g. Medical Doctor, Physician’s Assistant, Nurse 

Practitioner) informed you in written form or verbally that you have been diagnosed 

with osteoarthritis of the hip and/or knee? 2) Do you have pain at either hip or knee 

that increases with use?  3) Do you experience daily joint stiffness in the morning or 

after prolonged rest which dissipates after approximately 30 minutes of activity? 

If the patient answered in the affirmative to all subjective screening questions 

a short physical exam was implemented.  A positive finding for one or more of the 

five following physical assessment procedures was considered a positive 

confirmation of positive subjective history findings and patient met inclusion criteria 

as an osteoarthritic patient.  The objective physical signs were as follows: 1) Joint line 

tenderness at the affected joint.  2) Crepitus with motion at the affected joint.  3) 

Joint enlargement due to ostosis.  4) Effusion of the affected joint.  5) Capsular 
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pattern of limited motion at the affected joint.  Method of osteoarthritis diagnosis 

confirmation was derived from works of Moskowitz (2006) and Boissonnault (2005). 

Six of these twelve patients were asked to perform the single leg squat 

maneuver while their movements were recorded using a digital video camera (Model 

DCR-HC40; Sony Electronics, Inc.; Oradell, NJ, USA) and these videos were used for 

instruction during the CA educational program.  The remaining 12 patients also had 

their performance of the single leg squat videotaped and these performances were 

utilized during the data collection or “pre-test” “post-test” phases of the 

experimental study. 

In previous studies (Poulsen & James, 2009; Chmielewski 2007), it was 

determined that twelve points of measure for each student subject provided 

adequate statistical power to determine significant reliability (i.e. 95% reliability 

confidence intervals ≥0.00).  A solicitation script was used to recruit these individuals.  

Inclusion criteria consisted of diagnosis of knee or hip osteoarthritis (OA) by the 

patient’s primary care provider and/or history and physical examination performed 

by the principal investigator (DP).  Patients suffering from knee or hip OA were 

chosen because the VOA tool is designed to assess neuromuscular control in the 

lower extremity.   

The digital video camera (Model DCR-HC40; Sony Electronics, Inc.; Oradell, NJ, 

USA) was positioned approximately 4.5 m in front of the simulated patient and set to 

record (30 Hz) a frontal plane view of the single leg squat (SLS) performance. The 
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image was adjusted so that the patient’s body (shoulders and inferior) was visible 

when the osteoarthritic patient was in a neutral standing position. 

Following a short instruction and demonstration by the investigator, the 

patient was asked to practice the SLS maneuver.  While practicing the investigator 

performed goniometry at the knee and gave verbal feedback to the patient on the 

degree of knee flexion attained during the squat.  The patient was asked to perform a 

single leg squat that employed a minimum of 45° of knee flexion.  After the patient 

felt comfortable with performing the maneuver he or she then performed 1 to 4 

repetitions (trials) of the SLS.  Knee flexion of 45° was used to approximate a typical 

attainable squat depth commonly used during functional activities (e.g. getting into 

or out of a car, climbing stairs) and to adequately stress the neuromuscular system. 

Student Physical Therapists 

A convenience sample of 40 volunteer students undergoing either the first or 

second year of study in the Doctor of Physical Therapy Program at Texas Tech 

University Health Sciences Center were asked to participate.  Following recruitment, 

student subjects were randomly assigned to either the experimental (instructed, 

ISPT) or the control (not instructed, NSPT) group.    Power analysis was conducted 

under the assumption that a non-parametric statistical tool would be used to 

perform comparison of the two independent variables (Time and Group).  Power 

analysis indicated that twenty subjects per group were necessary to achieve 80% 

statistical power.  Students were provided an incentive of extra credit in their regular 
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didactic coursework for participating.  An alternative to participation was available to 

students who could not participate in the current study.  These particular student 

groups were chosen as they each completed all didactic coursework related to 

evaluation of the single leg squat.  Inclusion criteria consisted of completion of all 

DPT coursework on anatomy, biomechanics and kinesiology by each student physical 

therapist subject.  Exclusion criteria consisted of any physical or cognitive limitation 

which would have hindered performance of visual observational assessment of 

patients with osteoarthritis.  

Instructed Student Physical Therapists (ISPT’s).  Students in this group first performed 

visual observational assessment (VOA) on a set of 24 videos of patients performing 

the single leg squat.  The first session (February 20, 2009) consisted of the original 12 

patient video SLS performances, each viewed twice (1pm to 2pm).  It was necessary 

for student subjects to perform 2 measures of each video in the first session in order 

to determine intra-rater reliability prior to participation in the CA curriculum.  The 

videos were randomly ordered to prevent order and learning effect within the first 

session.   Two weeks following the initial VOA session (March 6, 2009), instructed 

students attended a 1.5 hour CA program (1pm to 2:30pm) designed to increase 

student reliability in performing visual observational assessment of the single leg 

squat. 

Immediately following completion of the CA program, instructed students 

performed a second VOA session on the same 12 patient video performances of the 
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SLS repeated twice for a total of 24 VOA’s (2:30pm to 3pm).  As in the first session, 

the videos were randomly ordered to prevent within session order and learning 

effects which might artificially inflate intra-rater reliability.  Intra-rater reliability was 

calculated for this second (post-CA) VOA session. 

Non-instructed Student Physical Therapists (NSPT’s). The NSPT group participated in 

both the initial VOA session as described in the ISPT group (February 20, 2009; 1pm 

to 2pm).  However, this control group was not included in the CA training program.  

The NSPT group returned for a second time to perform VOA of the re-randomized 24 

patient videos (March 6, 2009; 3pm to 4pm).  The NSPT group was offered the 

opportunity to participate in the CA program after completion of this project.  Those 

NSPT’s who wish to participate in the CA intervention program will do so during the 

month of June 2009. 

The Cognitive Apprenticeship Program 

Instructional programs designed to instruct SPT’s on how to perform 

qualitative assessments of the single leg squat have not been previously developed.  

This program is the first standard method for ensuring student clinicians develop the 

expert ability to perform assessment measures of the single leg squat utilizing the 

modified VOA tool.  This instructional program was designed and implemented by 

the principal investigator Daniel R. Poulsen PT, MA, OCS (DP).  The investigator (DP) is 
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considered an expert as he has three years of formal clinical training on how to 

perform visual observational assessment of the single leg squat.   

Subjects assigned to the education group participated in an interactive 

instructional lecture.  This lecture covered general models relevant to assessment of 

the single leg squat including human anatomy, kinesiology, and neuromuscular 

physiology.  The purpose of this lecture was to ensure that students have full 

understanding of such domain knowledge as theoretical concepts and operational 

definition of terms used in the performance of this assessment method.  This lecture 

also reviewed common patho-mechanics displayed by individuals while performing 

the single leg squat and common heuristics utilized by expert assessors when 

performing VOA of the SLS.  All student subjects receiving instruction attended the 

CA instruction program at the same time.  This was to ensure uniformity in 

instruction received. 

Following implementation of domain knowledge through lecture format, 

learners assigned to the innovative education group participated in a stepwise 

process of modeling, coaching and reflection.  First, the expert instructor openly 

verbalized the mental process he employed while performing a typical VOA of 10 

separate single leg squat performances.  These ten performances were stock video 

that the principal investigator created to exemplify the varying levels of dyscontrol at 

the 3 segments of anatomical interest.  Second, learners were given a series of 

practice videos in which they performed a visual observational assessment for a 
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sample of 3 actual osteoarthritic patients.  After completion of the first 3 practice 

VOA measures, learners received immediate feedback on the accuracy of their 

measures from the expert physical therapist (DP).  Additionally, DP gave specific 

descriptive information for each segment grade for all 3 practice videos in order to 

further elucidate why the grade for that segment was given. 

  During the final component of the CA program, each learner was given 3 

additional patient performances to assess completely.  Following assessment of 

these 3 performances, the student subjects were then placed into small groups of 2 

or 3 and participated in an open dialogue to discuss where agreement and 

disagreement occurred.  They were encouraged during this last stage to come to a 

consensus on the “correct” VOA measure for each patient assessed.  Following the 

discussion and debate with their small group partners, DP then again shared the true 

VOA measures at each segment with a detailed explanation of why the expert 

physical therapist grade was given (see Appendix B for summary of instructional 

curriculum). 

Prior to implementation of full curriculum to experimental SPT group, the CA 

educational program was piloted in a small group of 10 students.  This piloting of the 

educational program was used to ensure that the program could be implemented 

within the allotted time of 1.5 hours and to ensure that educational technology used 

functioned as expected. 
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Educational Technology 

Throughout the VOA performances and the CA instructional session, student 

subjects were each individually provided a laptop (Dell 630 or 610) that they used to 

view all patient videos.  All videos (instructional videos, practice videos and data 

recording videos) were of “.avi” format and all student subjects were instructed on 

how to view them using Microsoft Windows Media Player software.  All VOA scores 

were recorded by student subjects into a Microsoft Excel Spreadsheet (Appendix B, 

Figure B.1) and submitted to the principal investigator (DP) via Texas Tech University 

Health Sciences Center e-mail. 

Assessment of Single Leg Squat Performance by Student Subjects 

All student subjects (ISPT’s and NSPT’s) were asked to watch a video of each 

of the 12 osteoarthritic patients performing the SLS.  After watching each video the 

subject was asked to report the quality of SLS performance for the osteoarthritic 

patient using the specific quality assessment tool developed by Chmielewski (2007) 

and modified by Poulsen and James (2009).  This assessment tool consists of an 

ordinal numerical scale that correlates with a set of defined criteria for each 

numerical value.  The specific method of assessment requires the clinician to assign 

one of four numerical values to each of the three segments of interest (trunk, hips, 

and pelvis).  Therefore each segment being assessed by the specific method receives 

1 of 4 possible scores (0, 5, 10, or 15; Table 3.1). 
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Table 3.1 

The modified specific method of evaluating movement quality during SLS or single 

leg step down maneuver. 

Point Value Description 

0 No deviation from neutral alignment. 

 

5 A small-magnitude or barely observable movement out 

of a neutral position and/or low frequency of segment 

oscillation 

 

10 A moderate-magnitude or marked movement out of a 

neutral position and/or moderate frequency of segment 

oscillation. 

 

15 Excessive or severe magnitude of movement out of a 

neutral position and/or high frequency of segment 

oscillation. 

 

Evaluation of SLS Performance by the Expert Physical Therapist 

Prior to the implementation of the CA educational program, the Expert 

Physical Therapist (DP) performed VOA measures of the SLS performance of each of 

the same OA patient’s that the SPT subjects subsequently measured.  This set of 

scores produced by the Expert Physical Therapist served as the reference criteria by 

which SPT measures were compared to in order to establish concurrent validity of 

student measures. 
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Statistical Analysis 

Reliability Analysis 

Intra-rater reliability of the measurements were calculated for each student 

subject by determining the quadratically weighted kappa coefficient with 95% 

confidence intervals for comparison of measures made within testing session 1 (on 

day 1; February 20, 2009) and within testing session 2 (day 14; March 6, 2009). The 

inter-rater reliability of the measurements obtained for each group of subjects (ISPT 

and NSPT) at each testing session (pre-test and post-test) was determined via an 

overall quadratically weighted kappa coefficient with 95% confidence intervals.  

Concurrent validity was calculated by comparing the visual observational assessment 

measures performed by each student subject within each testing session to the visual 

observational assessment measures of the expert physical therapist via a 

quadratically weighted kappa coefficient.  All statistics were calculated using SPSS 

v.16 and Microsoft Excel according to methods described by Norman & Streiner 

(1994) and Fleiss and Cohen (1973).   

Norman and Streiner (1994) and Fleiss and Cohen (1973) stated that the 

Intraclass Correlation Coefficient (ICC) calculation is mathematically identical to the 

quadratically weighted Kappa statistic.  More specifically, the ICC model 3,1 

described by Portney and Watkins (2009) is mathematically identical to the weighted 

kappa.  This has been confirmed utilizing test data from Norman and Streiner (1994) 

in SPSS during previous study by Poulsen and James (2009) and through personal 
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communication with David Streiner, PhD (2009; February 3, 2009).  The advantage of 

examining the data through an ICC calculation was three fold.  First, the ICC in SPSS v. 

16 allowed for calculation with little effort.  Second, calculating the quadratically 

weighted kappa using the ICC instrument on SPSS resulted in calculation of a 95% 

confidence interval.  Third, using the ICC instrument on SPSS allowed for an overall 

weighted kappa which is more efficiently calculated than using the traditional 

method of calculating the overall weighted kappa.  Because the ICC and weighted 

kappa are mathematically identical, these benefits of easier calculation were done 

without loss of accuracy. 

Normality & Parametric Assumptions 

A survey of the literature revealed that comparing reliability coefficients has 

not been previously performed utilizing parametric statistical tools.  Reliability 

coefficients meet the first assumption of parametric statistics that datum points be 

on an interval or ratio measurement scale (ICC coefficients are ratio data having a 

true zero and an infinite number of scores on an interval scale).  However, it was not 

known if ICC coefficients represented a population that approximates a normal 

distribution or if homogeneity of variance would exist between sets of ICC 

coefficients being compared.  Therefore, these data sets were analyzed to determine 

if they met the parametric statistic assumptions prior to statistical analysis being 

performed according to methods described by Sawyer (2009).  Sawyer (2009) 

recommends mathematically determining the limits of skewness via the following 
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equation: (√[6]/N)*(z score of p = 0.10 or ±2.56) and mathematically determining the 

limits of kurtosis via the following equation:  (√[24]/N)*(z score of p = 0.10 or ±2.56).  

According to Sawyer (2009) a conservative p = 0.10 (z = 2.56) is appropriately applied 

due to the overly sensitive nature of [normality] tests, especially for large sample 

sizes.  If these assumptions were found not to be met, the authors would have 

selected non-parametric equivalents to the parametric statistical tools described 

above.  With a sample size of N=48 the limit of skewness is ±0.91 and the limit of 

kurtosis is ±1.82.   

In addition to the above method of normality assessment via skewness and 

kurtosis analysis, Sawyer (2009) recommends that with sample sizes of N≥30 that 

simple analysis of histogram can be substituted for the mathematical methods 

described above.  According to Sawyer, “any distribution that remotely resembles a 

bell-shaped curve will be ‘normal enough’ to pass normality tests, especially if sample 

size is adequate”.  Both methods of assessment were employed for the current data 

set. 

Research Question 1 

Statistical Analysis 1: To test the first hypothesis regarding inter-rater reliability, an 

overall weighted kappa correlation value (i.e. ICC 3,1), with 95% confidence interval, 

was calculated for the ISPT pre-test group, ISPT post-test group, NSPT pre-test group 

and NSPT post-test group to determine inter-rater reliability for each group.  The 

correlation values derived from each of the four sets of VOA performance sessions 
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were compared to one another.  Significant difference was determined to exist if any 

of the 95% Confidence intervals of the four groups did not overlap one another.  It 

was expected that the ISPT post-test inter-rater reliability coefficient would be 

significantly greater than all of the 3 other reliability coefficients.  It was also 

expected that the other 3 reliability coefficients (ISPT pre-test group, NSPT pre-test 

group and NSPT post-test group) would not be significantly different from one 

another. 

Research Question 2 

Statistical Analysis 2: To test the second hypothesis regarding intra-rater reliability, a 

weighted kappa correlation value (i.e. ICC 3,1), with 95% confidence interval, was 

calculated for each ISPT and NSPT subject utilizing the pre-test and post-test VOA 

measures to determine intra-rater reliability for each subject at each of the testing 

phases.  The four sets of ICC values (NSPT Pre-test, NSPT Post-test, ISPT Pre-test and 

ISPT Post-test) were simultaneously compared utilizing a 2x2  dependent measures 

analysis of variance (ANOVA) (alpha = .05) to determine if a significant difference in 

intra-rater reliability existed between any of the four groups.  If the mixed design 

ANOVA indicated a statistically significant difference was present, the appropriate 

post hoc t-test and graphical analysis were employed to further elucidate where 

significant differences in intra-rater reliability occurred.   

 



Texas Tech University, Daniel R. Poulsen, II, August 2009 

 

57 

Research Question 3 

Statistical Analysis 3: To test the third hypothesis, a weighted kappa correlation value 

(i.e. ICC 3,1) with 95% confidence interval was determined for each individual ISPT 

and NSPT at both the Pre-test and Post-test sessions by comparing the students set 

of 12 VOA scores to the expert physical therapists set of 12 VOA scores.  This resulted 

in 3 sets of 24 and 1 set of 23 (one of the experimental ISPT subjects could not 

participate in the 2
nd

 post-test data collection on March 6, 2009) ICC coefficients 

representing the concurrent validity of each group.  As described previously, the four 

sets of ICC values (NSPT Pre-test, NSPT Post-test, ISPT Pre-test and ISPT Post-test) 

were simultaneously compared utilizing a 2x2 dependent measures ANOVA (alpha = 

.05) to determine if a significant difference in concurrent validity exists between 

groups.  If the mixed design ANOVA indicated a statistically significant difference was 

present, the appropriate post hoc t-test and graphical analysis were employed to 

further elucidate where significant differences in intra-rater reliability occurred.   
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CHAPTER 4: RESULTS 

Normality and Parametric Assumptions 

Distribution of intra-rater reliability data set was found to approximate a 

normal curve according to histogram (Figure 4.1) and mathematical analysis revealed 

adequately limited skewness and kurtosis for size of data set (Skewness = -0.88; 

Kurtosis = 1.25).    Distribution of concurrent validity data set was found to 

approximate a normal curve according to histogram (Figure 4.2) and mathematical 

analysis revealed adequately limited skewness for size of data set (Skewness = -0.83; 

Kurtosis = 0.67).  Therefore, according to either method of normality assessment 

described by Sawyer (2009), both data sets adequately resembled a bell-shaped 

curve and the parametric mixed design ANOVA was appropriately applied. 
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Figure 4.1: Normality of intra-rater reliability of all pre-test subjects (both control and 

intervention groups).   

Note: Histogram above generated in SPSS places frequency bars to the right of the 

interval. 
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Figure 4.2: Normality of Concurrent Validity of all pre-test subjects (both control and 

intervention groups).   

Note: Histogram above generated in SPSS places frequency bars to the right of the 

interval. 

 

 

Research Question 1 

Does participation in a Cognitive Apprenticeship (CA) educational program 

significantly improve inter-rater reliability of measures produced by student physical 

therapists performing visual observational assessment of patients suffering from 

osteoarthritis? 
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Statistical Analysis 1 - Inter-rater Reliability 

 There was no statistically significant difference in inter-rater reliability, as 

determined via Intraclass Correlation (ICC) Model 3,1, between any of the four 

groups as indicated by the overlap of all 95% confidence intervals. (See Table 4.1) 

 
Table 4.1: Inter-rater reliability values with 95% confidence intervals (CI). 

 Pre-Test 

ICC (95% CI) 

  Post-Test 

ICC (95% CI) 

 

Inter-rater Reliability      

Control Group (NSPT) 0.69 (0.51-0.87)  0.77 (0.62-0.91) 

      

Intervention Group (ISPT) 0.75 (0.59-0.90)  0.86 (0.74-0.95) 

ICC = Intraclass Correlation Model 3-1. 

Research Question 2 

Does participation in a CA educational program significantly improve intra-

rater reliability of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis? 

Statistical Analysis 2 – Intra-rater Reliability 

A statistically significant Time x Group interaction was not present (F(1/45) = 

3.76, p ≥ 0.05, η
2
=0.08, Power=0.48).  A statistically significant between-subjects 

group effect was not present (F(1/45) = 0.68, p ≥ 0.05, η
2
=0.02, Power=0.17).  A 

statistically significant within-subjects Time effect was present (F(1/45) = 9.63, p < 0.05, 

η
2
=0.18, Power=0.86).  Post hoc dependent measures t-tests were employed to 

determine where significant changes occurred within groups.  Because two t-tests 
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were employed, one for each within group comparison, a Bonferroni adjustment was 

performed resulting in an alpha level adjustment to α = 0.025 (Bonferroni 

Adjustment: 0.05/2 = 0.025).  Analysis of intervention group (ISPT) via dependent 

measures t-test found significant difference between pre-test and post-test intra-

rater reliability values with a large effect size (t(23)=3.74, p<0.025, d=0.98, 

Power=0.95).  Analysis of control group (NSPT) via dependent measures t-test found 

non-significant difference between pre-test and post-test intra-rater reliability values 

with a small effect size (t(24)=0.79, p≥0.025, d=0.19, Power=0.12).  See also summary 

of changes in group means of intra-rater reliability (See table 4.2, Figure 4.3). 

Table 4.2: Average intra-rater reliability values for each group with standard 

deviations. 

Intra-rater Reliability Pre-Test 

Average ICC 

value (SD) 

  Post-Test 

Average ICC 

Value (SD) 

     

Control Group (NSPT) 0.87 (0.10)   0.89 (0.11) 

     

Intervention Group (ISPT) 0.86 (0.12)   0.94 (0.04)* 

ICC = Intraclass Correlation Model 3-1.  *=Post different than pre (p<0.025) 
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Figure 4.3: Graphical Analysis of Intra-rater Reliability Mean Values.  1 = Intra-rater 

reliability values at pre-test, 2 = Intra-rater reliability values at post-test.  All intra-

rater reliability values have been derived via intraclass correlation model 3-1. 

 

Research Question 3 

Does participation in a CA educational program significantly improve the 

concurrent validity of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis? 

Statistical Analysis 3 – Concurrent Validity 

A statistically significant Time x Group interaction was present (F(1/45) = 4.19, p 

< 0.05, η
2
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means revealed that the combination of “Time” and “Intervention Group” resulted in 

the greatest interaction effect (Table 4.3 and Figure 4.4).   

A statistically significant between-subjects group effect was not present 

(F(1/45) = 2.99, p ≥ 0.05, η
2
=0.06, Power=0.39).  A statistically significant within-

subjects Time effect was present (F(1/45) = 31.75, p < 0.05, η
2
=0.41, Power=1.00).  Post 

hoc dependent measures t-tests were employed to determine where significant 

changes occurred within groups.  Because two t-tests were employed, one for each 

within group comparison, a Bonferroni adjustment was performed resulting in an 

alpha level adjustment to α = 0.025 (Bonferroni Adjustment: 0.05/2 = 0.025).  

Analysis of intervention group (ISPT) via dependent measures t-test found significant 

difference between pre-test and post-test concurrent validity values with a large 

effect size (t(23)=5.82, p<0.025, d=1.39, Power=1.00).  Analysis of control group 

(NSPT) via dependent measures t-test found that pre-test and post-test concurrent 

validity values were not significantly different with a moderate effect size (t(24)=2.40, 

p≥0.025, d=0.57, Power=0.63).  See also summary of changes in group means of 

concurrent validity (table 4.3, Figure 4.4). 

Table 4.3: Average concurrent validity value for each group with standard 

deviations. 

Concurrent Validity Pre-Test 

Average ICC 

Value (SD) 

  Post-Test 

Average ICC 

Value (SD) 

     

Control Group (NSPT) 0.77 (0.12)   0.83 (0.11) 

     

Intervention Group (ISPT) 0.78 (0.11)   0.91 (0.08)* 
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ICC = Intraclass Correlation Model 3-1. *=Post different than pre (p<0.025) 

 

 

Figure 4.4: Graphical Analysis of Concurrent Validity Mean Values.  1 = Concurrent 

validity values at pre-test.  2 = Concurrent validity values at post-test.  All 

concurrent validity values have been derived via intraclass correlation model 3-1. 
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concurrent validity mean values would provide further information on the effect of 

the CA educational intervention, further answer the previously stated Research 

Questions 2 and 3 and reduce probability of committing a Type-II error.   

Intervention group post-test intra-rater reliability was found to be 

significantly greater than the control group post-test intra-rater reliability (t(23, 24) = 

2.15, p<0.05., d=0.62). Intervention group post-test concurrent validity mean was 

found to be significantly greater than the control group post-test concurrent validity 

mean (t(23, 24) = 2.91, p<0.05, d=0.82).   
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CHAPTER 5: DISCUSSION, CONCLUSIONS AND IMPLICATIONS FOR FUTURE RESEARCH 

Introduction and Review of Design 

The purpose of this study was to determine if applying a standard method of 

education, Cognitive Apprenticeship, will improve reliability of student physical 

therapist measures of movement quality in patients diagnosed with osteoarthritis; 

and to determine if a standard method of education can improve the concurrent 

validity of student measures of movement quality.   

A two group pretest-posttest control group design was used to examine the 

intra- and inter-rater reliability and concurrent validity of visual observational 

assessments (VOA) obtained from student physical therapists (SPT) following a CA 

educational intervention (Figure 3.1).  The two independent variables consisted of 

“time” and “group”.  Time consisted of two levels: pre-test and post-test.  Group 

consisted of control non-instructed physical therapy students and intervention 

instructed physical therapy students. 

Discussion 

Research Question 1 

Does participation in a CA educational program significantly improve inter-

rater reliability of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis? 
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Statistical Analysis 1: Inter-rater Reliability  Comparison of inter-rater reliability 

values reveal that Cognitive Apprenticeship (CA) did not significantly enhance the 

intervention groups inter-rater reliability over that of the control group.  This result 

does not support the previously stated hypothesis that SPT’s who participate in an 

educational program to enhance VOA of patients suffering from OA will have a 

significant improvement in inter-rater reliability. 

Although the improvement in the intervention group was not significant, the 

inter-rater reliability of the intervention group post-test was the largest of the four 

groups compared and was the only group to approach a level of inter-rater reliability 

which would be considered clinically significant.  As stated previously, for a clinical 

test is to be relied upon for clinical decision making it should meet or exceed a 

reliability factor of ≥0.90 (Portney and Watkins 2009); the intervention group post-

test inter-rater reliability (0.86) was closest to this stated value.  Results indicate that 

CA educational intervention improved inter-rater reliability to a level which is close to 

the stated level of necessity to use visual observational assessment as a method of 

clinical assessment.  However, it did not result in a significant improvement above 

that found in the control group. 

This result, despite its non-significance, indicates that aspects of the current 

CA intervention could be changed to focus on improvement of inter-rater reliability.  

It is possible that a greater emphasis on the reflection phase of the CA curriculum 

where students would have more practice with comparing measures with fellow 
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classmates would result in a significant improvement in inter-rater reliability.  Future 

study which incorporates additional reflection and practice with fellow classmates 

during the CA intervention should be undertaken in order to determine if a significant 

improvement in inter-rater reliability can be achieved. 

 

Research Question 2 

Does participation in a CA educational program significantly improve intra-

rater reliability of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis? 

Statististical Analysis 2: Intra-rater Reliability  Results support the previously stated 

hypothesis that SPT’s who participate in an educational program to enhance VOA of 

patients suffering from OA will demonstrate a significant improvement in intra-rater 

reliability.  Furthermore, a comparison of the effect sizes (Cohen’s D) in the 

intervention group (d=0.98) with that of the control group (d=0.19) adds support to 

the hypothesis that CA is the determining factor in creating a significant 

improvement in intra-rater reliability (Portney & Watkins, 2009). 

In addition to the significant improvement in intra-rater reliability, the CA 

intervention group also demonstrated a gross improvement of intra-rater reliability 

to a level that would be considered clinically significant.  The average intra-rater 

reliability for the intervention group improved to 0.94.  This value exceeds the value 
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considered minimally necessary for an examination result to be used to direct clinical 

decision making. 

The improvement in intra-rater reliability due to the CA intervention 

correlates with what educational theory would predict.  Because the CA intervention 

used multiple methods of teaching students specific schemes for the performance of 

an assessment task, it trains students to record data in a systematic and reproducible 

manner which reduces the opportunity for errors to be made.  Also, the repeated 

manner in which these systematic methods are practiced throughout the CA 

intervention improves the formation of mental models which improve recall of 

methods when attempting to perform visual observational assessment at a later 

time.  Because intra-rater reliability is essentially a measure of agreement between 

two sets of data it is expected that if error is reduced, through application of 

methods taught, a reproduction of measures should result and be reflected in a 

higher reliability coefficient. 

Research Question 3 

Does participation in a CA educational program significantly improve the 

concurrent validity of measures produced by student physical therapists performing 

visual observational assessment of patients suffering from osteoarthritis? 

 
Statististical Analysis 3: Concurrent Validity  Results support the previously stated 

hypothesis that SPT’s who participate in a CA educational program to enhance VOA 
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of patients suffering from OA will demonstrate a significant improvement in 

concurrent validity.  The effect size (Cohen’s D) in the group that received the 

educational intervention indicates that the effect of the educational intervention is 

large (d=1.36) whereas the non-significant increase in intra-rater reliability in the 

control group is considered moderate (d=0.57) (Portney & Watkins, 2009).  Because 

of this moderate effect size in concurrent validity in the control group it is possible 

that the significant increase in concurrent validity in the intervention group may be 

partially due to the mixed design.  Therefore, future research should be undertaken 

in a similar group of subjects where a post-test only design is implemented.  If similar 

levels of concurrent validity are found and if there is a significant difference between 

controls through a post-test only statistical analysis, improvement of concurrent 

validity due to CA intervention alone would be more strongly supported. 

Despite the moderate effect size in the control group (0.57), educational 

theory, the relatively large (1.36) intervention group effect size, and the significant 

difference between control and intervention group post-test concurrent validity 

support the hypothesis that the CA intervention was the variable which resulted in a 

significant improvement in concurrent validity.  CA was expected to improve 

concurrent validity due to the multiple opportunities for students to learn and apply 

the unique assessment strategies used by the expert clinician.  If a student learns to 

identify a movement pattern in an identical way as the expert, and if a student learns 

the grade that would be applied by the expert for a specific movement pattern, it is 
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expected that in subsequent trials the student would produce measures which are in 

agreement with the expert.  CA, through sub-methods of teaching such as modeling 

and coaching, allows the learner to be exposed to how the expert measures and then 

opportunity to practice performing the assessment skill in a similar manner.  This 

duplication of assessment skills in the student logically results in greater agreement 

between measures made by the student and the expert.  The significant 

improvement in concurrent validity in the intervention group and the relatively 

higher effect size in the intervention group over that of the control group support 

this logic. 

Ceiling Effect of the ICC Coefficient 

Previous assessment of the ICC coefficient as a parametric measure revealed 

that it can be considered ratio data.  It has a true zero and it has an infinite number 

of possible values on a continuous scale.  Also, the one question of normal 

distribution was answered as ICC values generated by our 47 subjects met all criteria 

of normality.  Despite this evidence supporting the ICC coefficient as a ratio measure, 

it was found on further post hoc analysis that a ceiling effect may have occurred due 

to the boundary-nature of an ICC value (-1 to +1).  In other words, ICC values are not 

free to vary to an infinite negative or positive magnitude.   

A ceiling effect essentially means that the higher a student’s reliability or 

concurrent validity ICC score during the pre-test phase, the lower the possible 

magnitude of improvement from pre-test to post-test.  Evidence indicates that in 
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both the intervention and the control group this ceiling effect may have artificially 

depressed the improvement in intra-rater reliability or concurrent validity.  A ceiling 

effect may be a major limitation to determining the true impact of the CA 

intervention in creating a difference between the control (NSPT) and intervention 

group (ISPT).   

Conclusions 

The results of this study add strong cause and effect evidence that the CA 

model of education can be employed to significantly enhance intra-rater reliability 

and concurrent validity of visual observational assessment of the single leg squat in 

osteoarthritic patients.  Therefore, it is recommended that in both clinical and 

academic settings the CA educational intervention used in this study (Appendix B) be 

employed when the goal is to competently educate novice clinicians in performing 

reliable and valid visual observational assessments of single leg squat performance of 

patients suffering from hip or knee osteoarthritis. 

The significant increase in concurrent validity in the intervention group 

particularly supports the idea that CA can foster the transference of knowledge 

which allows novice clinicians to perform visual observational assessments which 

produce measures similar to those generated by an expert clinician.  Additionally, the 

significant improvement in intra-rater reliability indicates that CA can be causally 

related to an improvement in novice clinician assessment reliability to the degree 



Texas Tech University, Daniel R. Poulsen, II, August 2009 

 

74 

cited as necessary when utilizing assessment measure results to guide clinical 

decision-making (≥0.90; Portney & Watkins, 2009). 

Recommendations for Future Research 

Considering the evidence that CA does have a causal effect on improvements 

in intra-rater reliability and concurrent validity, further study should be undertaken 

to determine if similar changes can be found when attempting to improve novice 

clinician measures when utilizing other methods of assessment.  Investigation of the 

effect of CA on novice clinician assessment measure reliability and validity should be 

first undertaken for methods of clinical examination intended to assess the 

osteoarthritic patient population, visual observational assessment or both.  In 

addition to utilizing CA to ensure clinician reliability and validity for performing 

patient assessment in the clinical setting, ensuring uniform performance of an 

assessment technique through an evidence-based curriculum also provides an 

avenue for further strengthening studies which intend to determine and confirm 

degree of clinical assessment sensitivity and specificity. 

It is commonplace for different clinician groups to find varying levels of 

assessment sensitivity and specificity when employing supposedly-identical 

assessment methods in similar patient populations (Cook & Hegedus, 2008).  Some 

investigators point to differences in study design or subject population as the cause 

of such disparities among sensitivity and specificity studies.  Others indicate that 
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disparities come about due to varying rater performance of the assessment 

technique under investigation.  The current study provides a rationale for 

implementing a uniform educational intervention to limit the error that may occur 

due to improper assessment performance.  The results indicate that it is possible for 

a large group of clinicians to be educated in a manner that results in uniform 

performance of an assessment method to a degree very similar to that of the expert 

clinician.  Duplication of assessment technique would enable clinical researchers to 

rule out correct rater performance as the cause of disparate findings in sensitivity or 

specificity of an assessment technique.  Indeed, the use of an evidence-based 

educational model such as CA to teach clinicians how to correctly perform an 

assessment technique may result in a diminishment in the disparity of sensitivity and 

specificity findings among different authors studying the same assessment technique 

in similar populations. 

Because the evidence provided here indicates that CA can improve intra-rater 

reliability and concurrent validity of a clinician’s assessment performance, it is 

recommended that other investigators consider employing the CA model when 

developing educational curricula which can be implemented to ensure clinician-

subjects intra-rater reliability and concurrent validity prior to performing research on 

the sensitivity and specificity (i.e. diagnostic accuracy) of a method of clinical 

assessment.  Clinical residencies, fellowships and entry-level professional programs 

may benefit from implementing the CA curriculum design model.  To ensure that this 
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model of education design is superior, further study should include experimental 

designs that directly compare the success of CA with other more traditional methods 

of curriculum design. 

Regarding the potential ceiling effect in reliability coefficients, it is 

recommended that utilizing other methods of determining significant difference 

between groups be explored.  Using raw assessment measures would allow an 

examination of differences while eliminating the possibility of a ceiling effect.  

However, to determine if reliability and concurrent validity has changed it will still 

require calculation of a reliability coefficient. 

This investigation used one individual expert physical therapist as the 

standard for concurrent validity.  A potential limitation of this study is that only one 

expert physical therapist was used to perform the measures used as the criterion 

standard for concurrent validity.  Additionally, this expert physical therapist was also 

the same individual responsible for all data collection and teaching during the CA 

intervention.  Because of this, there was a potential threat to internal validity 

especially regarding a potential experimenter effect.  It is possible that the principal 

investigator treated the control group differently than the intervention group 

resulting in behavior different than would have occurred naturally.   To reduce or 

eliminate potential experimenter effects or bias, it is recommended that a panel of 

experts be used to determine the visual observational assessment measure to 

improve the validity of the expert measure when calculating concurrent validity.  
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Using multiple expert raters would likely reduce bias that might have occurred from 

one rater.  It is also recommended that the instructor who teaches through CA be an 

individual who is not the principal investigator.  The use of an individual who is not as 

directly involved in the experimental design or data analysis may eliminate any 

potential subconscious differential treatment of subject groups. 

Criterion-related validity should also be investigated for this measurement 

method.  Determining one or more gold standard criterions would be the first step.  

The gold-standard criterions chosen should be widely accepted and previously 

validated methods of measuring neuromuscular control.  The first criterion standards 

that would be most appropriate would include 3-D motion analysis of the single leg 

squat.  An analysis of gross segment excursion and rate of segment oscillation could 

be determined and used as a comparison to measures made through visual 

observational assessment.  Also, other clinical methods of measuring facets of 

neuromuscular control could be compared to visual observational assessment.  

Measuring deep tendon reflexes, proprioception and gross muscle strength of 

isolated muscles or muscle groups may add information that would elucidate 

whether or not the visual observational assessment method is measuring aspects or 

facets of the construct: neuromuscular control. 

The most useful and clinically important validity to investigate will be 

predictive validity.  The purpose of measuring visual observational assessment is 

primarily to mitigate the effects of poor neuromuscular control by using the data 
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derived in the measurement to target treatment of neuromuscular deficits found.  

Study into the correlation between visual observational assessment and eventual 

rate or risk of degeneration of the knee and hip joint should be undertaken.  If a 

strong correlation is found between visual observational assessment measures and 

rate of degeneration, this method of examination can be truly said to be providing 

data to the practitioner that is useful to the management of patients with 

osteoarthritis. 
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APPENDIX B: CURRICULUM AND COURSE NOTES FOR CA EDUCATIONAL 

INTERVENTION 

 

Correct Performance of Visual Observational Assessment of the Single Leg Squat 

 

Instructor: Daniel Poulsen PT, MA, OCS (DP) 

Objectives: (10 minutes) 

1. Students will be able to recall and identify the relevant anatomy and kinematics of 

the anatomical regions being assessed during visual observational assessment of the 

single leg squat. 

2. Students will be able to state the hypothesized connection between with poor 

neuromuscular control in the lower extremity and lower extremity pathology. 

3. Students will demonstrate the ability to read and apply the modified Chmielewski 

ordinal grading instrument in performing a visual observational assessment. 

4. Students will demonstrate the ability to correctly manipulate instruments used to 

view video data of subjects performing the single leg squat and will be able to state 

the steps in performing a visual observational assessment. 

5. Students will be able to state the correct order and procedure for performing a visual 

observational assessment of the single leg squat. 

6. Students will identify abnormal patterns of motion commonly displayed during 

performance of the single leg squat. 

7. Students will be able to identify subject morphological characteristics and recall the 

typical abnormal patterns of motion associated with these morphological 

characteristics. 

8. Students will be able to perform a visual observational assessment in a manner 

identical to that displayed by the expert (DP). 

9. Students will be able to articulate their decision making process when assigning a 

VOA measure to a particular single leg squat performance. 

10. Students will be able to defend the VOA score they apply to subject performance of 

the single leg squat to fellow students and to the expert physical therapist. 

11. Students will demonstrate the ability to self assess VOA scoring ability. 

12. Students will assign VOA score to 3 sample subjects that vary a maximum of 10% 

from the VOA score given by the expert physical therapist. 
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Content Instruction 

 

Domain Knowledge Instruction Phase 

Review of normal anatomy and kinematics and neuromuscular organs that 

play a role in performance of a single leg squat. (20 minutes) 
I. The Trunk – The area of the body lying between the superior aspect of the 

shoulders/upper trapezius and the superior borders of the iliac crest/sacrum. 

a. Pertinent Kinematics – The goal of control at the trunk 

during a single leg squat is to maintain an erect trunk over the base 

of support created by the lower extremity and pelvis.  Normal 

neutral erect posture at the Lumbar spine is a lordotic curve without 

rotation or sidebending.  The thoracic spine is maintained in a 

slightly kyphotic curve, also limiting rotation and sidebending.  A 

neutral erect posture limits undue stress to the musculoskeletal 

anatomy of the trunk.  It is normal for a subject to display minor 

deviations in trunk motion in the three cardinal planes in order to 

maintain balance.  However, movements requiring more than minor 

deviations (i.e. >5°/10% of total trunk range of motion) should not 

occur in a normal healthy adult with good neuromuscular control 

over the trunk.  The lumbar spine is particularly susceptible to injury 

when experiencing repetitive and extreme motion in flexion and 

rotation due to the ligamentous and bony anatomy of the region. 

b. Musculature of the Trunk - Rectus Abdominus, Internal and 

External Obliques, Quadratus Lumborum, Erector Spinae.  This 

musculature limits the excursion of the trunk outside of the base of 

support created by the underlying anatomical segments.  Adequate 

strength and proprioceptive control is necessary to limit this 

excursion.  If abnormal amounts of trunk movement occurs outside 

of a neutral erect position it can cause undue stress to the 

underlying anatomical segments (i.e. pelvis, hip, knee and 

foot/ankle) which can cause detrimental joint surface stress or other 

injurious stress to musculoskeletal structures of the trunk and other 

underlying segments.   

c. Skeletal and ligamentous structure of the trunk – Thoracic 

and lumbar vertebrae as well as the lower ribs and iliac crest form 

the scaffolding by which the musculature attaches and exerts force 

across the trunk.  By itself, the bony architecture of the trunk does 
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not provide significant stabilizing force at the trunk.  Ligamentous 

support provided by such structures as the intervertebral disks, 

anterior longitudinal ligament, posterior longitudinal ligament, 

interspinous ligament, supraspinous ligament, ligamentum flavum, 

thoracolumbar aponeurosis and iliolumbarligaments provide 

structural support but, are often more important in providing 

proprioceptive information via specialized innervations.  Therefore, 

ultimate stability of the trunk over the base of support is largely 

dictated at the trunk by the neuro-muscular structures of the trunk. 

II. The Pelvis 

a. Pertinent Kinematics - The pelvis best serves the structures above 

and below it by being maintained in neutral alignment with respect 

to all three cardinal planes.  In other words, the optimal position of 

the pelvis is level and neutral without excursion.  This provides a 

stable base of support for the lumbar spine above and an optimal 

joint congruency at the coxafemoral joint below.  The pelvis 

articulates via the sacrum with the trunk above at the interface of 

the L5-S1 vertebral segments.  This articulation has very little motion 

due to the thick iliolumbar ligaments and extensive thick fascia 

overlying the area.  The pelvis interfaces with the lower extremity at 

the coxafemoral or hip joint.  The coxa femoral joint is highly 

congruent and therefore translational movement at this joint is 

nearly absent.  However, because the coxafemoral joint is a ball and 

socket joint, it allows the pelvis to move in all three cardinal planes 

upon the femur in nutation/flexion and counternutation/extension 

in the sagittal plane, rotation in the transverse plane, and pelvic 

unleveling or pelvic drop in the frontal plane. 

b. Musculature of the Pelvis – Muscles that originate on the pelvis and 

provide major contributions to stability include Iliacus, Sartorius, 

rectus femoris, the adductors (i.e. adductor longus, adductor 

magnus), gluteus medius/maximus, minimus, and the small deep 

muscles of the posterior and posterior medial hip and pelvis (i.e. 

piriformis and gemelli).  The majority of these muscles provide a 

solid tie between the pelvis and the femur allowing the pelvis to 

maintain neutral alignment upon the femoral head at the 

coxafemoral joint.  Many other muscles at the pelvis help to 

maintain control between the pelvis and the trunk as well.  These 

were mentioned previously in the above discussion on the trunk (i.e. 

quadrates lumborum and internal/external oblique muscles). 
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c. Skeletal and ligamentous structure of the pelvis – As mentioned 

previously, the pelvis has extensive ligamentous connections with 

the lumbar spine and thoracic ribs superiorly.  Inferiorly, the pelvis 

has a highly congruent articulation at the coxafemoral joint with 

which permits motion in all three planes of motion just as any other 

ball and socket joint.  However, this bony articulation allows little to 

no translational motion of the femur in the acetabulum.  Also at the 

coxafemoral joint is a series of three thick ligaments that support the 

connection between the femur and the pelvis.  The ischiofemoral, 

pubofemoral and iliofemoral ligaments limit extreme motion 

between the femur and the pelvis. 

III. The Hip 

a. Pertinent Kinematics of the Hip – As mentioned previously the hip, 

or femur, creates the inferior portion of the coxafemoral joint 

articulation with the pelvis.  Because this articulation is a ball and 

socket type joint it allows the hip to move in all three planes of 

motion into flexion/extension, abduction/adduction and 

internal/external rotation.  At the hip it is normal for motion to occur 

into flexion at the coxafemoral joint in order to allow the single leg 

squat to occur.  Flexion is the largest of the motions that should be 

observed.  It should occur in a smooth and controlled manner 

throughout the descent and ascent phases of the single leg squat.  

Total motion of the hip should be about 35° to 55° of flexion in the 

sagittal plane.  Minor degrees of motion can also occur into the 

transverse and frontal planes during a normal single leg squat.  It is 

normal for approximately 10° of abduction or adduction to occur in a 

smooth and coordinated fashion throughout the squat activity.  

More than this amount of motion, or occurrence of this motion in an 

uncontrolled or vascillating manner is not normal and can contribute 

to undue shearing at the knee and hip joints and eventually cause 

inability to maintain a stable pelvis and trunk.  Internal and external 

rotation also may occur also within the 10° limit of total excursion 

from neutral. 

b. Musculature of the Hip – The pertinent musculature begins with that 

described above which originates from the pelvis.  The powerful 

gluteal musculature plays a key role in maintaining the hip in a 

neutral position and controlling descent.  In addition to the 

musculature described above.  The quadriceps muscle (i.e. all the 
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vasti) and the hamstrings play a very large role in controlling femur 

motion. 

c. Skeletal and ligamentous structure of the Hip – The femur articulates 

superiorly with the pelvis forming the hip articulation.  As stated 

above, there is a series of three strong ligaments that help to 

prevent extremes of motion in all three planes at the coxafemoral 

joint.  The femur forms the bony scaffolding of the hip joint and 

thigh. 

 

Theoretical correlation of the single leg squat visual observational 

assessment measures to osteoarthritis onset and progression susceptibility. (10 

minutes) 

 

I. The choice of a single leg squat for observation is most closely related to how 

the single leg squat mirrors many common activities that patients and clients 

perform during an average day.  The single leg squat mirrors stair climbing, 

stair descending, stepping off or onto a curb, and entering or stepping out of 

a motor vehicle, just to name a few.  These single leg descending and 

ascending activities of daily living (ADL’s) are opportunities for poor 

neuromuscular control to result in detrimental joint forces at the lower 

extremity and trunk. 

II. The relationship of poor neuromuscular control to the onset and progression 

of osteoarthritis is circular and has multiple parts.  However, the relationship 

between OA and poor control all surround one central idea: Abnormal 

loading to a joint results in the onset and progression of OA.  Therefore, if 

poor control is exhibited during a single leg squat activity, it is assumed that 

this poor control is resulting in extreme forces to the structures of the 

synovial joints involved in the motion.  Motion that has high levels of 

uncontrolled velocity and acceleration can result in shearing or impact/blunt 

trauma of the articular cartilage at the joint surface.  Motion that puts the 

joints involved into extremes of available arthrokinematic range of motion 

(e.g. high degrees of valgus at the knee, high degrees of rotation or 

adduction at the hip, high degrees of rotation or flexion at the lumbar spine.) 

can result in weight-bearing on the periphery of joints and strain of joint 

capsule and ligaments of synovial joints. 

 

How Visual Observational Assessment is performed (15 minutes) 

• Defining the levels of grading according to the modified Chmielewski 

method. 
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Table B.1: Modified Chmeilewski Scale 

The modified specific method of evaluating movement quality during SLS or single leg 

step down maneuver. 

                 Point Value Description 

0 No deviation from neutral alignment. 

 

5 A small-magnitude or barely observable movement out 

of a neutral position and/or low frequency of segment 

oscillation 

 

10 A moderate-magnitude or marked movement out of a 

neutral position and/or moderate frequency of segment 

oscillation. 

 

15 Excessive or severe magnitude of movement out of a 

neutral position and/or high frequency of segment 

oscillation. 

 

• Tools used to view video data. 

� Computer and video screen 

� Quicktime© Software 

 

• Step-wise instruction in how to perform assessment and record 

observations. 

1. Cue video to beginning point: subjects feet both in contact with the ground prior to 

beginning maneuver. 

2. Press play button and allow video to run to end of maneuver performance.  Do not 

focus on one aspect or anatomical segment.  Allow your eyes to view the entire 

subject and your mind to generate a general appreciation for the quality of 

movement.  Feel free to write down or mentally note any general impressions about 

the quality of movement or any abnormal motions that initially caught your 

attention. 

3. Rewind video. 



Texas Tech University, Daniel R. Poulsen, II, August 2009 

 

106 

4. Play video until the point where the subject assumes the single leg stance position 

prior to squatting.  At this position note the angles of joints and position of the three 

segments of interest. 

5. Direct your attention to the hip/thigh segment, note the position of the segment just 

prior to the single leg squat being initiated and press play.  Watch the hip segment 

throughout the motion noting the control at this segment.  Record the score for the 

hip. Rewind the video to where the subject is in a neutral single leg stance position. 

6. Direct your attention to the pelvis segment, note the position of the segment just 

prior to the single leg squat being initiated and press play.  Watch the pelvis segment 

throughout the motion noting the control at this segment.  Record the score for the 

pelvis. Rewind the video to where the subject is in a neutral single leg stance 

position. 

7. Direct your attention to the trunk segment, note the position of the segment just 

prior to the single leg squat being initiated and press play.  Watch the trunk segment 

throughout the motion noting the control at this segment.  Record the score for the 

trunk. Rewind the video to where the subject is in a neutral single leg stance 

position. 

8. After scoring the subject move on to the next subject video. 

 

Heuristic Instruction Phase 

Expert Physical Therapist (DP) will review tips and techniques for performing 

VOA including: 

• Advisement on what abnormal patterns are most commonly present 

and therefore to assess for initially. 

� Trunk – It is very common for those with pain of the hip or 

knee joint due to osteoarthritis to forward flex at the trunk.  

Also, forward flexion of the trunk is also very common even in 

subjects who do not have active joint pathology but, who do 

display poor trunk and lower extremity strength.  The reason 

for forward flexion during a squatting maneuver is because 

with forward flexion the amount of force that must be 

generated to create knee extension moment is greatly 

reduced.  Because of this decreased demand of muscle activity 

there is a net decrease in the forces across the knee joint 

(reducing pain particularly at the patellofemoral joint interface) 

in order to slow descent or create ascent at the knee joint. 

� Pelvis – The most common type of abnormality displayed at 

the pelvis segment is that of a contralateral drop of the pelvis 

in the frontal plane.  This could also be described as an 

unleveling of the pelvis in which the non-stance side of the 
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pelvis lowers.  The cause of this is most likely one of two causes 

or a combination of both of the following causes: 1) weakness 

of the ipsilateral gluteus medius, 2) pain at the ipsilateral hip 

which can be relieved by a decrease in the activity of the 

gluteus medius.  Activity of the gluteus medius on the 

ipsilateral side of joint pain causes an increase in joint reaction 

forces at the hip and can therefore cause increased joint 

compression and pain.  Reducing the activity of the gluteus 

medius can relieve this pain but, at the same time results in a 

contralateral pelvic drop.  A small contralateral pelvic drop of 

5° or less from a horizontal line is normal. 

� Hip – Three common abnormalities of motor control are 

exhibited here.  First, the speed of hip flexion can often be 

altered.  The motion should be slow and controlled.  Subjects 

are instructed to move in a slow and controlled manner and 

should therefore perform the maneuver in a slow and 

controlled manner unless pain or weakness prevent this.  

Second, wavering in the frontal plane is very common but, 

indicative of poor control with the abductors and adductors.  

Third, extreme adduction of the hip causing extreme valgus at 

the knee joint is very common and detrimental to the health of 

the knee and hip joints. 

 

 

 

 

Method Instruction 

 

Modeling Phase (10 minutes) 

Expert Physical Therapist will perform a full VOA of single leg squat 

performance in one sample subject representing varying degrees of abnormal 

motion.  Emphasis will be placed on Expert Physical Therapist verbalizing mental 

problem solving and activity leading to VOA measure.  The expert will also answer 

questions students pose throughout this section. 

 

 

Coaching Phase (20 minutes) 

Practice Performing Visual Observational Assessment on 3 separate subjects 
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• Feedback will be given immediately following the performance of VOA 

of each individual subject.  Information will be given regarding score 

would be given for the qualitative assessment by a physical therapist 

who is an expert in VOA of the single leg squat. Explicit information 

regarding how score was achieved at each segment of anatomical 

interest. 

• Additionally, students will be asked to share where the scores they 

generated may have differed from the instructor.  With this 

information, the instructor will give guidance on how to reduce error 

or clarification on why the students answer was different than would 

have been given by the expert. 

Students: In the spaces indicated below, please mark your VOA scores for the hip, 

pelvis and trunk for each of the 3 examples given by your instructor.  Also, mark the 

scores that the instructor (Dan Poulsen) gave for each of the 3 examples so that you 

can see how your estimation compares. 

 

Coaching Example Demo- Hip : You   / DP        Pelvis: You     /DP       Trunk: You      

/ DP                

 

Coaching Example #1:  Hip : _____ / ______ Pelvis: _____ /_____ Trunk: 

______ / _______ 

 

Coaching Example #2:  Hip : _____ / ______ Pelvis: _____ /_____ Trunk: 

______ / _______ 

 

Coaching Example #3:  Hip : _____ / ______ Pelvis: _____ /_____ Trunk: 

______ / _______ 

 

 

 

Reflection Phase (30 minutes) 

Students will perform a VOA for 3 different subjects performing the SLS.  All 3 

VOA’s will be performed by all learners.  No external feedback will be given to the 

learners throughout performance of VOA’s. 

 

Following completion of all VOA’s students will be divided into small groups of 2 and 

asked to compare their assessment measures.  Students will be instructed to come to 

an agreement regarding the VOA measure within their small groups of 2. 

 

Following small group discussion, each small group of 2 will be asked to pair 

with one other small group of 2.  Each small group of 2 will be asked to share an 
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explanation for how their small group came to a final measure and justification for 

this measure.  Other members of the learning group will be asked to give their 

opinion of the accuracy of the measures presented.  Again, the instructor will ask the 

entire group of 4 students to come to a final agreement regarding the VOA measure 

after each small group of 2 has had an opportunity to share the measure they 

applied.  Finally, the expert (DP) will share the measures he made while giving an 

explanation of  VOA scores he applied for each of the 3 practice subjects.  The expert 

will also take questions from the group of PT students during this session. 

 

Reflection Phase Example Demo-  Hip : You   / small group of 2 / small group of 4 / 

DP      

Pelvis: You   / small group of 2 / small group of 4 

/ DP     

Trunk: You   / small group of 2 / small group of 4 

/ DP     

 

Reflection Phase Example #1:   Hip : _____ / _____ / _____ / _____   

 

Pelvis: _____ / _____ / _____ / _____ 

 

Trunk: _____ / _____ / _____ / _____ 

 

 

Reflection Phase Example #2:   Hip : _____ / _____ / _____ / _____   

 

Pelvis: _____ / _____ / _____ / _____ 

 

Trunk: _____ / _____ / _____ / _____ 

 

 

Reflection Phase Example #3:   Hip : _____ / _____ / _____ / _____   

 

Pelvis: _____ / _____ / _____ / _____ 

 

Trunk: _____ / _____ / _____ / _____ 
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APPENDIX C: STUDENT PHYSICAL THERAPIST SCORING SHEET FOR RECORDING 

VISUAL OBSERVATIONAL ASSESSMENT 

 

 
 
Figure C.1: Excel file recording sheet: Students placed the score for hip, pelvis and trunk in 

the indicated box for each "Patient".  The overall score (0-45) was then automatically 

calculated. 
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APPENDIX D: RAW INTRACLASS CORRELATION VALUES (ICC) FOR PRE-TEST AND 

POST-TEST, INTRA-RATER RELIABILITY AND CONCURRENT VALIDITY 

 
Table D.1:  Intra-rater Reliability ICC values for all NSPT/Control and ISPT/Intervention 

Subjects. 
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Table D.2:  Concurrent Validity ICC values for all NSPT/Control and ISPT/Intervention 

Subjects. 

 
 


