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i 

Abstract 

Malingering represents a significant concern in clinical settings. It is defined as 

intentionally producing or exaggerating symptoms to obtain external and/or personal 

gain. Common detection approaches utilize consistency testing, whereby tests are 

administered multiple times and deviations across these occasions are calculated; high 

variability of scores is considered indicative malingering (feigning) may be taking place. 

Current feigning assessment techniques have high rates of false positives in part due to 

inherent subjective elements, making them suboptimal. No research has been conducted 

using computerized assessments of gait parameters in feigning detection. Computerized 

methods allow(s) for a precise examination of multiple gait parameters. This study tested 

the ability of participants to consistently feign a gait disturbance. Feigned gait 

disturbances were compared to genuine gait problem participants. A computerized gait 

analysis system (GAITRite®) was used to measure gait parameters. A sample of 63 

participants with musculoskeletal problems was recruited. Approximately half (33) had 

musculoskeletal conditions with gait disturbance and half (30) were gait disturbance free. 

Patients without a gait disturbance were asked to feign one. Both groups walked on a 

computerized walkway on two separate occasions during the same day at varying speeds. 

Statistical analyses compared the consistency of gait parameters across trials. Overall, 

both groups were highly consistent across trials and although some group differences in 

consistency were identified, these did not seem to be sufficiently robust (and on one 

occasion they were in the opposite than predicted direction) to allow for 

recommendations concerning the use of computerized gait assessment in malingering 

detection.  
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CHAPTER 1: Introduction 

Injuries are common in the Canadian work force and are often accompanied by 

chronic pain (Public Health Agency, 2010). Similarly, chronic pain is a serious personal 

and public health concern affecting millions of Canadians. According to the Canadian 

Pain Society, 19% of Canadian adults suffer from chronic pain (Canadian Pain Society, 

2011; Schopflocher, Jovey, & Taenzer, 2011). Pain prevalence increases with age 

(Statistics Canada, 2010) and results in tremendous social and economic costs. In 

Canada, the cost of chronic pain is approximately 60 billion dollars each year (Canadian 

Pain Society, 2011; Moulin, Clark, Speechly, & Morley-Forster 2002; Schopflocher, et. 

al., 2011). Additional human costs include strain to family, inability to work and common 

psychological consequences such as depression (Osborn & Rodham, 2010; Snelgrove & 

Liossi, 2013). Most often, chronic pain results from musculoskeletal problems that 

comprise 29 per cent of all the world's chronic conditions (Public Health Agency, 2010). 

Musculoskeletal pain is related to bone, muscle, ligament and tendon pathology 

(Ashwell, 2010). It can be the result of multiple causes, including sport or occupational 

injuries, motor vehicle accidents repetitive strain injuries and other pathologies such as 

arthritis. More than 11 million Canadians over the age of 12 years are affected by 

musculoskeletal conditions (Canadian Orthopedic Care Strategy Group, 2010). In 2000, 

the economic burden of musculoskeletal conditions was higher than that of any health 

concern (Public Health Agency of Canada, 2010).  

Chronic musculoskeletal pain can devastate individuals and families. Injured 

persons often rely on insurance compensation to help them financially during periods of 

disability. Given the subjectivity of the pain experience and the high cost for insurance 
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providers, chronic pain claims are often viewed with suspicion, especially when there are 

no clear physical findings to support the presence of pain (e.g., Hadjistavropoulos, 2013). 

Despite indication that physical evidence for many genuine pain problems cannot always 

be identified due to limitations of imaging devices (Giles & Crawford, 1997), patients 

may be accused of seeking compensation in the absence of a genuine health condition. 

Feigning or exaggerating a problem is often referred to as malingering (i.e., the 

intentional production or exaggeration of symptoms to obtain personal gain; American 

Psychiatric Association [APA], 2013). Malingering is believed to relate to gains that are 

either financial and/or include avoidance of work or military duty, or evasion of 

responsibilities.  

1.1 Malingering in Musculoskeletal Pain 

Estimates of the prevalence of malingering in chronic pain musculoskeletal 

conditions vary between 5% - 10% of cases, though it may be suspected in as many as 

44% (Fishbain, Cutler, Rosmoff & Rosmoff, 1999; Kay & Morris-Jones, 1998). The 

focus of this investigation is on improving detection of feigned musculoskeletal 

symptoms, specifically gait abnormalities.  

There are other factors, besides feigning, not directly related to the injury that can 

affect symptom presentation. For example, exaggerated symptoms may be observed in 

response to situational assessment demands, assessor attitudes, and a multitude of other 

social and psychological factors (Alschuler, Theisen-Goodvich, Haig, & Geisser, 2008; 

Johnson, 2003). Concerns about intentional production of false or exaggerated symptoms 

are common among clinicians (Alschuler, et al., 2008). When a clinician engages a client 

it is assumed that both work together to uncover a pathological condition which is 
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causing the client harm or is decreasing their functioning in some way. This assumption 

of cooperation is not true, however, when malingering is suspected.  

Malingering has previously been considered synonymous with faking or even 

fraud, phenomena that are difficult to detect (LoPiccolo, Goodkin, & Baldewicz, 1999). 

Malingering is considered to be a controversial topic in many settings because of the 

subjective nature of many musculoskeletal complaints and the associated absence of a 

definitive “gold standard” for pain. Moreover, the detection of malingered symptoms is 

complicated by the considerable limitations of available assessment procedures. 

Furthermore, large portions of accepted assessment procedures for use in symptom 

validation have been developed for assessment of psychological rather than physical 

symptoms (Bianchini, Greve, & Glynn, 2005). 

Most often, the priority of malingering assessments is high specificity (i.e., not 

misidentifying non-malingerers; Greve & Bianchini, 2004), allowing sensitivity (i.e., 

detecting malingerers) to fall where it may. It is believed worse to make a specificity 

mistake (i.e., mislabeling an honest claimant) than to make a sensitivity mistake (i.e., 

failing to detect a malingerer). Incorrectly labelling someone as a malingerer carries 

considerable stigma, may prevent the individual from receiving appropriate care, can 

cause psychological trauma, and can lead to a loss of employment benefits or disability 

income (Drob, Meehan, & Waxman, 2009). To avoid inaccurate labelling, the evaluator 

must conduct a comprehensive assessment that takes into consideration the individual’s 

characteristics, environment, and evidence of a clear reason for the individual to 

malinger.  
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1.2 Detection of Feigning 

Clinicians often consider the first step in any diagnostic process to be the 

validation of complaints. They must assess if the clinical presentation is genuine or not, 

especially when the clinical assessment has implications for disability compensation and 

when the clinician is conducting independent evaluations on behalf of third party payers 

or the legal system. Professionals recognize the difficulty in teasing apart malingering 

from Factitious Disorder (a disorder whereby people deliberately produce symptoms to 

assume a sick role and have no other motivation; APA, 2013). This lack of clarity has led 

to research increasingly investigating feigned symptoms rather than malingered. Feigned 

symptoms have no requirement for understanding motivation, only concerning itself with 

deception. 

The Diagnostic and Statistical Manual of Mental Disorders Fifth edition (DSM-5; 

APA, 2013) suggests malingering should be suspected in any situation where there is 

some combination of the following: (1) medicolegal context of presentation; (2) marked 

discrepancy between the person’s claimed stress or disability and the objective findings; 

(3) lack of cooperation during the diagnostic evaluation and in complying with the 

diagnostic evaluation; and (4) the presence of antisocial personality disorder. The 

possible combinations do not necessarily prove the existence of malingering, but suggest 

the merits of further investigation. Any evaluation where malingering is suspected should 

be comprehensive, addressing every relevant feature of the individuals’ functioning. It 

should involve psychological testing, review of collateral data, and an interview of the 

individual. Multiple detection strategies should be utilized to address the many ways in 

which individuals may feign (Rogers, 2008).  
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1.3 Symptom Evaluations 

Illness and injury behaviour is very complex (Halligan, Bass, & Oakley, 2003). 

Beyond malingered and factitious presentations, patients with chronic medical complaints 

can adopt maladaptive responses to their condition. According to Radley and Green 

(1987), two common maladaptive patterns are accommodation and resignation. With 

accommodation, the health condition becomes incorporated into the patients’ identity, 

thereby complicating assessment and treatment. Patients displaying resignation 

behaviours may become overwhelmed by their condition and may accept the sick role 

passively. Such maladaptive process may be interpreted by clinicians as deliberate 

attempts to prolong the condition and thwart treatment efforts.  

The importance of empirically validated malingering detection strategies for 

feigned physical presentations is underscored by previous research of Waddell’s classic 

signs for “nonorganic pain” (Waddell, McCulloh, Kummel, & Venner, 1980). The 

Waddell signs are characteristic presentations that are incongruent with underlying 

anatomy and physiology. The presence of these signs has been interpreted to reflect either 

malingering or psychological stress (Kiester & Duke, 1999). However, Fishbain et al. 

(2004) conducted a comprehensive review of Waddell signs and found that these signs 

generally did not discriminate between pain that was associated with known organic 

pathology and pain that was not associated with known organic pathology. According to 

the same review, the signs often failed to discriminate between patients with and without 

potential secondary gain. Further analysis showed the Waddell signs do not provide 

credible evidence of malingering or secondary gain (Fishbain, et al., 2004). Without 

conceptually sound and rigorously tested detection strategies, tragic errors in 
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misclassification of malingering are likely to be perpetuated for decades on hundreds of 

misclassified patients.  

A variety of psychometric methods have been used to facilitate the detection of 

symptom exaggeration or feigning within the context of chronic pain. The Minnesota 

Multiphasic Personality Inventory – 2 (MMPI; Butcher, Dahlstrom, Graham, Tellegen, & 

Kaemmer, 1989), which is a paper-and-pencil questionnaire, and its validity scales are 

among the most commonly used psychometric methods in detecting psychiatric symptom 

feigning. Scores more than two deviations above the mean on the Infrequency-

Psychopathology Scale (i.e., based on numbers of symptoms/pathological characteristics 

that are extremely infrequent) show very good predictive power in the detection of 

feigned psychiatric symptoms (Arbisi & Ben-Porath, 1995). It is noted, however, that in 

the case of those with very severe pain validity could be compromised because of direct 

pain interference with the quality of responses on the test. 

The MMPI has been studied as a possible tool in assessing feigning of chronic 

pain. Specifically, scores outside the higher end of the norm on the infrequency scales are 

believed to reflect malingering (Arbisi & Butcher, 2004). Further investigation, however, 

is required of its utility as a chronic pain assessment tool as it has relatively high rates of 

false negatives and false positives (Butcher et al., 1989). Responses to questionnaires 

pertaining to injury-related beliefs (e.g., “my symptoms have had major consequences in 

my life”) have shown some ability to distinguish between patients with genuine pain and 

individuals in simulated compensation situations, though further investigation is required 

on the utility of such approaches in real-life assessment situations (Linnel & Easton, 

2006). 
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The systematic study of exaggerated and genuine facial expressions of pain has 

led to better than chance classifications of patients (based on specific aspects of facial 

expression), yet the rate of false positives and false negatives when individual cases are 

considered are likely to be high (Hadjistavropoulos, Craig, Hadjistavropoulos, & Poole, 

1996). Recent advances with computerized analysis of facial expressions show promise 

in pain assessment (Littlework, Bartlett, & Lee, 2007; 2009). This suggests that computer 

aided evaluations may be useful in investigating the sincerity of symptoms. As more 

computer aided systems are being developed their utility in clinical settings should be 

explored to determine the full range of the available uses these systems could offer. 

Some of the most common approaches to feigned symptom detection utilize 

consistency testing, whereby physical tests (e.g., measuring hand strength using a 

dynamometer, arm drop test for arm injury, abductor for thighs, etc.) are administered 

multiple times and the deviations of scores across these occasions are calculated. This 

approach considers high variability of scores across trials to represent a sign that less than 

maximum effort is being exhibited and, therefore, symptom magnification may be taking 

place (Baker, 1998, Robinson & Dannecker, 2004). At present even some of the most 

commonly used methods in feigned symptom detection have high rates of false positives, 

making them suboptimal. It is also important to recognize that there are many factors 

leading to submaximal effort, such as fear of pain and movement (Lechner, Bradbury, & 

Bradley, 1998, Shectman, Gutierrez, & Kokendorfer, 2005). The goal of this project was 

to evaluate the consistency of gait using a computerised approach to maximize accuracy 

of measurement and potentially facilitate detection of feigned gait disturbances.  
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Sincerity of effort, considered a patient’s conscious motivation to perform 

optimally during an evaluation, relates to the person’s best or optimal physical 

performance. In contrast, an insincere effort refers to situations in which the patient 

deliberately makes less than a full effort during a physical examination (Baker, 1998, 

Robinson & Dannecker, 2004). Sincerity of effort during a musculoskeletal evaluation or 

functional capacity evaluation (FCE) is often used by clinicians, in relation to consistency 

testing, to indicate that a client has intentionally given less than a full effort during testing 

(Robinson & Dannecker, 2004). FCE is a set of tests and observations used in 

combination to assess functional ability in different circumstances (Robinson & 

Dannecker, 2004). There are no existing tools that can specifically measure sincerity of 

effort or that can detect intentional or conscious motivation to deceive. As stated 

previously, some individuals with a musculoskeletal dysfunction may give less than a full 

effort for a variety of reasons (Lechner et al., 1998, Robinson & Dannecker, 2004; 

Shechtman et al., 2005). Several indices have been developed to identify levels of effort 

as well as intentional feigning of symptoms during musculoskeletal evaluations. Indices 

of consistency in symptom presentation are measures of performance thought to be 

important in FCE. In other words, indices of consistency are measures of the statistical 

consistency of a dataset. For detection of feigned physical symptoms repeated trials 

would be required under similar conditions. Nonetheless, rates of false positives and 

negatives are high, especially the subjectivity that is often involved in many types of 

physical assessment (Matheson, Bohr, & Hart, 1998; Shechtman et al., 2005).  

A recent review revealed that error rates and stability values of consistency 

indices were below acceptable levels (Shechtman, Anton, Kanasky, & Robinson, 2006). 
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Clinicians involved in consistency testing are making difficult determinations. Although 

there is considerable potential in these methods to identify symptom magnification and 

feigning, their clinical utility has not been well established due to high rates of false 

positives and negatives. It has been assumed that those who exert submaximal effort 

would be more likely to show variability across trials than those who exert full force. It is 

hoped that removing the subjective elements involved in many current clinical 

assessment procedures will help to increase the reliability of these assessments, and 

capitalization on objective computerized technology may allow for this.  

1.3.1 Gait. A common symptom in musculoskeletal injuries, affecting the low 

back and lower extremities, is gait disturbance (e.g., limping, slow walking, or any 

deviation from normal ambulation). Presumably such abnormalities can be feigned but a 

gold standard for the confirmation of a genuine gait disturbance remains elusive. Gait 

abnormalities are usually assessed by clinicians using simple observation (Brunnekreef, 

van Uden, van Moorsel, & Kooloos, 2005; Saleh & Murdoch, 1985; Whittle, 2003). An 

observer must assess, at minimum, step length and time, as well as movement at the 

pelvis, hip, knee, and ankle during the gait cycle (Saunders, Inman, & Eberhart, 1953; 

Whittle, 2003). The spatial and temporal parameters of footstep patterns are frequently 

evaluated to identify gait deviations, make diagnoses, determine appropriate therapy and 

monitor patient progress. Conclusions from such observational assessments, however, are 

plagued with subjectivity. In fact, conclusions based on visual observation of gait have 

poor inter-rater, test-retest reliability (Brunnekreef, et al., 2005; Eastlack, Arvidson, 

Snyder-Mackley, Danoff, & McGarvey, 1991; Goodkin & Diller, 1973) and criterion 

validity (Brunnekreef, et al., 2005; Saleh & Murdoch, 1985). Timed measures of gait 
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using a stopwatch have moderate to high reliability but are limited with respect to 

assessments of gait speed (i.e., time taken to cover a set distance), stride length (i.e. 

distance between the toe of one footfall to the toe of the next), and cadence (i.e., the 

number of steps, on both sides, per minute; Morris, Morris, & Iansek, 2001; Wall & 

Scarbrough, 1997). Stopwatch measurements are not able to parse out more intricate 

parameters, such as single support time (i.e., time elapsed between the last contact of one 

footfall to the first contact of the next footfall of the same foot) and the associated 

percentage of time in the step cycle for these parameters. Step time and step length have 

been difficult to assess using visual methods (Brunnekreef, et al., 2005; Saleh & 

Murdoch, 1985). Large differences have been found between the general characteristics 

of clinical gait assessments from different laboratories (Benedetti, Merlo, & Leardini., 

2013). Given the limitations identified with the clinical subjective approach, 

computerised assessments of gait have been developed and have demonstrated a high 

degree of accuracy.  

Previous research has identified variables sensitive to varying testing conditions. 

Velocity showed increased variability between sessions when participants were asked to 

perform multiple tasks at once (Reelick, van Iersel, Kessels, & Olde Rickert, 2009). Step 

time, stride length and velocity have been associated with psychological parameters such 

as fear (Reelick et al., 2009). Moreover, speed of walking during analysis was found to 

affect analysis of gait parameters (Schniepp et al. 2014). When multiple tests are 

separated by walking speed, variables demonstrated greater ability to discriminate 

between experimental and control groups. Variability in step time and stride time at a 
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self-selected pace have shown greater inconsistency as a function of age and potentially 

increased frailty (Kobsar, Olson, Paranjape, Hadjistavropoulos, & Barden 2014).  

1.3.2 Computerised gait assessment. The use of gait parameters as a means of 

detecting symptom magnification has been limited. It is believed that certain parameters, 

such as slowness and variability of movement, are considered to be signs of malingering 

(Hinson & Haren, 2006). As discussed above, in evaluating individuals with gait 

impairments and disabilities in clinical settings, subjective descriptions fail to provide the 

clinician with any quantifiable evidence that can be readily communicated. Kinematic 

analysis (Chaler, Muller, Maiques, & Pujol, 2010), the study of motion geometry by 

measuring motion points on the body through the use of several cameras and advanced 

computer technology, has been used for the assessment of gait and demonstrates strong 

replicability and validity. However, it requires complex calculations of parameters and 

can be time consuming because of the need to attach electrodes and to place multiple 

cameras within specialized physical space (Chaler et al., 2010). These features make the 

use of kinematic analysis problematic for busy clinical settings. 

 The GAITRite® system, a walkway with sensors that is capable of calculating 

specific gait parameters, is much easier to use than kinematic testing and the output 

parameters become readily available. The system has been demonstrated as valid and 

reliable in measuring a wide variety of spatial and temporal parameters of gait (Eastlack 

et al., 1991; Morris, Morris, & Iansek, 2001; Saleh & Murdoch, 1985). Computerized 

walkways have several advantages over visual observation and timing of gait alone, 

including objective quantification of gait analysis, timing, symmetry, and sequence of 

gait events. In addition, gait initiation and initiation movement strategies can be recorded. 
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The validity of the computerized measures of speed, cadence and stride length are not 

affected by walking speed (Bilney, Morris, & Webster, 2003) but Cutlip, Mancinelli, 

Huber, and DiPasquale, (2000) did report an increase in step length and stride velocity 

error with increase in walking speed. Previous research has suggested that the 

GAITRite® system has high levels of inter trial repeatability (Bilney et al, 2003). The 

system has never been evaluated with respect to capacity to identify feigned gait 

disturbances using the principle of consistency testing described above.  

In this investigation limitations of previous research were addressed by comparing 

injured participants feigning a gait disturbance with an actual gait disturbance sample 

while using accurate electronic equipment to measure gait parameters and inconsistencies 

across trials. The implementation of the GAITRite® assessment system (CIR Systems 

Inc) which provides a systematic evaluation of gait parameters was explored in the 

context of feigned gait symptoms. Evaluation of temporal and spatial gait variables 

provides a meaningful measure of ambulation performance.  

1.4 Study and Hypotheses 

The goal was to test the ability of a computerised gait analysis to differentiate (in 

terms of across-trial consistency) between a group of patients with a genuine gait 

disturbance and a group that was asked to walk as if they had a gait disturbance. 

Specifically, the investigation allowed for exploration of the relative sensitivity of various 

gait parameters to intentional manipulation. Moreover, the effects of different walking 

speeds on consistency of gait characteristics were evaluated. It was hypothesized that 

differences in gait parameters between two trials would be greater for a feigned 

disturbance group than genuine disturbance group. It was also expected the greatest 
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group differences would be observed at the fastest speed because it was believed that 

under fast conditions it would be more difficult to maintain consistency of presentation.  
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CHAPTER 2: Methods 

2.1 Participants 

The sample consisted of 63 participants recruited from local physiotherapy 

clinics. Based on power calculations executed using G*Power (Faul, Erdfelder, Buchner, 

& Lang, 2009), a sample of 60 participants was expected to provide sufficient power for 

the detection of medium size effects. Suitable participants were recruited via introduction 

of the study by the treating physiotherapist. Demographic information for the participants 

is presented in Table 1.   

Approximately half of the participants (33) had musculoskeletal conditions 

leading to gait disturbance confirmed by a physical therapist (Non-Feigning Group). 

Every effort was made to recruit a homogenous sample with respect to nature of injury; 

lower extremity. The legitimacy of injuries experienced by participants was determined 

by the treating physiotherapist based on all available clinical information. Established 

diagnosis was confirmed from file information; a clearly documented injury must have 

occurred in the indicated region. Selection was augmented by exclusionary criteria for 

participation including any of the following indicators: medicolegal context of 

presentation; significant discrepancy between the claimed stress or disability and the 

objective findings (as determined by the treating physiotherapist); lack of cooperation 

during the diagnostic evaluation and in complying with the diagnostic evaluation; and 

self-reported inability to complete questionnaires in the English language.  

The remaining 30 participants were patients with upper extremity musculoskeletal 

conditions without a gait disturbance, as confirmed by their physiotherapist using the 

above criteria (Feigning Group). Injury locations are presented in Table 2. Types of  
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Table 1: Characteristics of Participants Broken Down by Group 

Demographic Characteristics 

 Non-Feigning 

Group 

Feigning 

Group 

Total 

Number of Participants 33 30 63 

Mean age (SD) a 50.21(15.96) 45.30 (14.60) 47.87 (15.41) 

Sex – N for Females (Males) b 16 (17) 14 (16) 30 (33) 

Marital Status – N b    

Single 10 11 21 

Married 18 12 30 

Divorced/Separated 4 6 10 

Widowed 1 1 2 

Mean years of education (SD) b 11.76 (1.54) 12.00 (0.87) 11.87 

Job Status - N b    

Employed Full Time 23 23 46 

Employed Part Time 1 0 1 

Homemaker 0 2 2 

Student 0 1 1 

Retired 7 2 9 

Unemployed 0 2 2 

Other 2 0 2 

Mean months since diagnosis 

(SD) a 
33.61 (58.79) 13.03 (22.59) 23.81 (46.81) 
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Mean months experience pain 

(SD) a 
23.79 (39.35) 14.80 (23.10) 19.51 (32.71) 

Surgery in past month –  N for 

Yes (No)b 
5 (28) 5 (25) 10 (53) 

Mean BPI Pain Intensity Score 

(SD) a 
3.51 (2.06) 2.83 (1.48) 3.19 (1.82) 

Note. SD = Standard Deviation. BPI = Brief Pain Inventory, a = Groups were compared 

using an independent sample t-test; b = Groups were compared using a chi square test 
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Table 2: Primary Injury Location1 

 Non-Feigning 

n = 33 

Feigning Group 

n = 30 

Total 

N = 63 

 n % n % n % 

Ankle 4 12.12 0 0.00 4 6.35 

Foot 3 9.09 0 0.00 3 4.76 

Knee 11 33.33 0 0.00 11 17.46 

Hip/Pelvis 8 24.24 0 0.00 8 12.70 

Lower Back 6 18.18 0 0.00 6 9.52 

Upper Back 0 0.00 1 3.33 1 1.60 

Shoulder 1 3.03 18 60.00 19 30.16 

Elbow 0 0.00 5 16.67 5 7.94 

Wrist/Hand 0 0.00 5 16.67 5 7.94 

Neck 0 0.00 1 3.33 1 1.60 

Note: n=number of participants in each group, %= percentage of participant in that 

group out of total number. 

1Primary injury was defined as the injury that affected their gait as determined by the 

treating physiotherapist (Non-Feigning Group) or the one they were being treated for. 

Participants may have had other secondary injuries but none of these secondary injuries 

were deemed by the treating physiotherapists to cause any gait disturbance. 
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injury are shown in Table 3. 

2.2 Equipment 

2.2.1 GAITRite® system. The GAITRite® system measures temporal and spatial 

gait parameters through an electronic walkway connected to a computer. The GAITRite® 

electronic walkway contains nine sensor pads encapsulated in a roll up carpet to produce 

an active area 24 inches wide and 228 inches long. The described arrangement creates an 

active area grid, 48 sensors by 456 sensors placed on 0.50 inch centers. The walkway is 

portable, can be laid over any flat surface, and requires no placement of any devices on 

participants. Participants ambulate across the walkway and the system captures the 

geometry and relative arrangement of each footfall as a function of time. The relational 

database included with the software stores tests individually under each participant, and 

supports a variety of reports and analyses. A video camera, which is a component of the 

GAITRite® system, produces a video-recording of each participant’s walk. 

Parameters assessed include Velocity (cm/s), Step Time Difference (sec), 

Cadence (steps/min), Double Support Time (%), Swing Time (%), Stride Length (cm), 

and Cycle Time (sec). The GAITRite® program calculated Velocity, Step Time 

Difference, Cadence, Double Support Time Left, Double Support Time Right, Swing 

Time Left, Swing Time Right, Stride Length Left, Stride Length Right, and Cycle 

automatically. To calculate a single statistic (which is the typical strategy in gait research; 

Kobsar, et al., 2014) for Double Support, Swing Time, and Double Support Time, SPSS 

was used to compute an average score ([Right Side+Left Side]/2).To obtain standard 

deviations for these parameters, the square root of the variance, or squared differences of 

the mean, was calculated. 
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Table 3: Primary Injury Type1 

 Non-Feigning 

n = 33 

Feigning Group 

n = 30 

Total 

N = 63 

 n % n % n % 

Strain 5 15.15 3 10.00 8 12.70 

Sprain 9 27.27 18 60.00 27 42.86 

Bone Injury 12 36.36 2 6.67 14 22.22 

Surgery, Joint Replacement 5 15.15 0 0.00 5 7.94 

Surgery, Ligament Repair 2 6.06 7 23.33 9 14.29 

Note: n=number of participants in each group, %= percentage of participant in that group out of number of participants in each 

group 

1Primary injury was defined as the injury that affected their gait as determined by the treating physiotherapist (Non-Feigning Group) 

or the one they were being treated for. Participants may have had other secondary injuries but none of these secondary injuries were 

deemed by the treating physiotherapists to cause any gait disturbance. 
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Velocity is obtained by dividing the distance by the Ambulation time, in which 

distance is measured on the horizontal axis from the heel point of the first footfall to the 

heel point of the last footfall. Ambulation time, conversely, is measured in the time 

elapsed between the initial contacts of the first and the last footfalls. Step Time is the 

time elapsed from the first contact of one foot to the first contact of the opposite foot and 

therefore, Step Time Difference is calculated by subtracting the time of right step time 

form the left step time, using an absolute value. Cadence is the number of steps, on both 

sides, per minute. Double Support is the percentage of time elapsed between first contact 

of the current footfall and the last contact of the previous footfall, added to the time 

elapsed between the last contact of the current footfall and the first contact of the next 

footfall. Swing Time is the time elapsed between the last contact of the current footfall to 

the first contact of the next footfall on the same foot. Swing Time is also presented as a 

percentage of the gait cycle of the same foot. Stride Length is the measurement of heel 

points of two consecutive footfalls on the same foot. Cycle Time is the elapsed time 

between the first contacts of two consecutive footballs of the same foot, and the 

difference is calculated by subtracting the right side from the left, using the absolute 

value.  

2.3 Questionnaires 

2.3.1 Demographic information sheet. Demographic information (e.g., age, sex, 

education, and marital status) was collected from all participants (see Appendix A). 

Diagnostic information, including duration of pain problem, was provided, with 

participant consent, by the treating physiotherapist.  
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2.3.2 Brief Pain Inventory (Short Form) Pain Intensity Score. The Brief Pain 

Inventory (BPI) is a widely used and well-validated tool assessing pain intensity and 

functional interference (Cleeland, 1989). The BPI was designed to provide information 

on the severity of pain as well as the degree to which pain interferes with regular 

functioning. The BPI also includes questions about pain relief, pain quality, and the 

respondent’s perception of the cause of pain. It was developed for use with patients with 

pain due to chronic diseases or conditions such as cancer, osteoarthritis, low back pain, or 

acute conditions such as post-operative pain. It can be administered via clinical interview 

or self-report measure. Cleeland (2009) found the reliability of the BPI to be strong, with 

Cronbach’s alpha ranging between 0.77 and 0.91 for the overall measure. The inclusion 

of this measure in the study allows for the examination of pain report results. For the 

purpose of this study, the Pain Intensity Index of the BPI was used. This index showed 

good internal consistency in previous research, ranging from 0.80 to 0.87 (Cleeland, 

2009). For our purposes, the BPI Pain Severity showed a score of 0.91. 

2.4 Procedure 

Participants were tested twice, approximately 30 minutes apart. In each testing 

session, participants completed six walks (i.e., three walks in each direction) over the 

sensor mat at a self-selected pace, six walks using a fast pace, and six walks using a slow 

pace. Each set of six walks at each speed was referred to as a single trial. This created 

three trials each for the first and second testing occasions, one each for self-selected, fast, 

and slow. After the first testing session, participants completed a brief questionnaire with 

demographic information and the BPI. Approximately thirty minutes after the first testing 

session, participants repeated their previous walking protocol over the sensor mat (i.e., 
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six walks at each of three speeds, which is three trials). A thirty-minute delay was 

selected in an attempt to mirror common clinical practices. The intake portion of physical 

therapy sessions commonly takes this amount of time. The rationale for retesting the 

participants on the same day is that their symptoms may change (e.g., due to recovery) 

over longer periods of time. 

2.4.1 Non-Feigning Group. Non-Feigning Group participants completed the 

walks described above over the mat. No additional instructions were provided.  

2.4.2 Feigning Group. A baseline walk was required for participants who were 

asked to feign a gait disturbance; a baseline walk (i.e., not feigning a gait disturbance) 

was completed at the self-selected speed prior to the feigned gait disturbance walks to 

ensure that the two differed from each other. Following the baseline gait assessment, they 

were asked to simulate a gait disturbance (e.g., a limp or slowed, uneven gait) that would 

be expected from a low back pain problem or a leg related injury. Feigning Group 

participants were asked to complete the same walks over the GAITRite® sensor mat as 

Non-Feigning Group. The importance of attempting to make their simulated gait 

disturbance appear as realistic as possible was stressed. Consistent with the overall 

protocol, after completing the first set of walks, participants were asked to complete the 

questionnaires. 

Just before the beginning of the second test trial, the experimenter asked 

participants to replicate the feigned gait disturbance; they were not informed previously 

about this aspect of the research. The experimenter instructed participants to attempt this 

replication during each of the fast, slow, and self-selected walking conditions. The 
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participants then completed the walks in the same order and number as the first trial over 

the sensor mat during this second session. 
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CHAPTER 3: Results 

3.1 Descriptive Statistics 

Descriptive statistics were calculated in order to obtain a description of the overall 

sample, and of the two groups (see Table 1). The diagnoses/injuries affecting participants 

in each of the groups are listed on Tables 2 and 3. In order to determine whether 

participants in the Feigning versus Non-Feigning Groups differed on demographic 

variables and pain-related variables (age, sex, education, job status, marital status, BPI 

Pain Intensity scores, surgery in the last month, time since diagnosis, and time since 

injury), five chi-square tests (sex, levels of education, job status, marital status, surgery) 

and four t-tests were conducted (age, time since diagnosis, time since injury, BPI Pain 

Intensity). Alpha was set to .05 for comparison for demographic and pain related 

variables. Groups did not differ on any of these variables.  

Seven gait parameters were used in statistical analyses. These were Velocity 

(cm/s), Step Time Difference (sec), Cadence (steps/min), Double Support Time (%), 

Swing Time (%), Stride Length (cm), and Cycle Time (sec). Means for all parameters can 

be found in Table 4. Given the multiple comparisons, a conservative alpha level of .01 

was selected for all further analyses. 

3.2 Manipulation Checks 

 For the participants in the Feigned Group, we performed a manipulation check to 

determine whether the feigned walk differed from the non-feigned baseline walk. To this 

effect, a series of fourteen t-tests were conducted comparing the different gait parameters 

from the Feigned Group’s baseline and self-selected walks for Trials 1 and 2 (7 at each 
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speed). Results are presented in Tables 4 and 5 and suggest that, consistent with 

expectation, the two types of walks were substantially different. 

For all participants a manipulation check was performed to determine whether the 

participants walked as instructed using three different walking speeds (self-selected, fast, 

and slow). To this effect, two repeated measures Analyses of Variance (ANOVAs) were 

conducted comparing the Velocity parameter (i.e., one for Trial 1 and one for Trial 2). 

For Trial 1 Mauchly’s Test showed that the assumption of sphericity had been violated, 

χ2 (2) = 8.64 p < .01, indicating the variance of the parameters were not equal. To correct 

for this a Huynh-Feldt correction was applied. The ANOVA showed a significant speed 

effect, F(1.82, 112.50) = 159.38, p < .01, η2 = .72.  

The results for the Trial 2 Mauchly’s Test indicated that the assumption of 

sphericity had been violated, χ2 (2) =14.03 p < .01, indicating the variance of the 

parameters were not equal. To correct for this a Huynh-Feldt correction was applied. The 

ANOVA indicated a significant speed effect, F(1.70, 105.34) = 117.39, p < .01, η2 = .65. 

Follow up pairwise comparisons t-tests confirmed that velocity for the fast speed was 

higher than it was for both the slow speed (Trial 1 t(62) = 15.3; p < .01; Trial 2 t(62) = 

12.7; p < .01) and the self-selected speed (Trial 1 t(62) = 10.6; p < .01; Trial 2 t(62) = 8.5; 

p < .01). Similarly, velocity for the self-selected speed was higher than velocity for the 

slow speed (Trial 1 t(62) = 20.5; p < 01; Trial 2 t(62) = 22.3; p < .01). These tests 

confirmed the validity of the speed manipulation. 
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Table 4: Manipulation Check, Feigning Group Baseline and Self-Selected Parameters 

 Gait Parameter Means (SD) 

 
Baseline 

Self-Selected 

Trial 1 

Self-Selected 

Trial 2 

 Cadence (steps/min) 106.24 (11.48) 97.55 (17.39) 100.97 (17.68) 

Velocity (cm/sec) 112.20 (21.29) 84.49 (30.58) 90.04 (30.44) 

Step Time Difference (sec) 0.02 (0.02) 0.06 (0.07) 0.05 (0.06) 

Cycle Time Difference (sec) 0.01 (0.02) 0.01 (0.01) 0.01 (0.01) 

Stride Length (cm) 126.57 (15.44) 103.22 (23.42) 106.74 (24.05) 

Double Support (%) 29.28 (3.51) 33.85 (6.87) 33.57 (7.65) 

Swing (%) 35.50 (1.79) 33.06 (3.53) 33.50 (3.83) 

Note: SD= Standard deviation, n=number of participants, cm=centimeters, sec=seconds, %= percentage of gait cycle 
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Table 5: Manipulation Check, Feigning Group Baseline Compared to Self-Selected 
Speed Trials 1 and 2 

 Trial 1 
t (df) 

Trial 2 
t (df) 

 Cadence (steps/min) 7.15 (26)** 4.87 (26) ** 

Velocity (cm/sec) -3.57 (26)** -0.94 (26) 

Step Time Difference (sec) 3.57 (26)** 2.85 (26) ** 

Cycle Time Difference (sec) 1.01 (26) 2.08 (26) 

Stride Length (cm) -8.55 (26)** -6.51 (26)** 

Double Support (%) 3.75 (26)** 2.49 (26) 

Swing (%) 3.40 (26)** -2.25 (26) 

Note, n=number of participants, df= degrees of freedom, cm=centimeters, sec=seconds, 

%= percentage of gait cycle. **p < .01. 
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3.3 Tests on Individual Variables 

 Skewness and kurtosis statistics were used to evaluate the normality of the 

distributions for each of the gait parameter variables (seven parameters for each speed 

and trial, 42 in total). Of these variables, 14 were not normally distributed. Variables with 

a skewness or kurtosis score higher than 1.0 were subjected to data transformations (see 

Table 6). A variety of transformations were attempted and the one that resulted in a 

distribution most closely approximating a normal distribution was selected (Tabachnick 

& Fidell, 2007). The transformations were successful in that the transformed distributions 

had skewness and kurtosis values within acceptable limits. As per procedures outlined by 

Tabachnick and Fidell (2007), a square root transformation (NewX=√𝑋) was used to 

normalize 13 variables, and a reflect and square root transformation (NewX=√𝐾 − 𝑋 , 

where K= a constant from which each score is subtracted so that the smallest score equals 

one) was employed for one variable. Table 6 indicates which transformations were used 

on each variable.  

Questionnaire and gait parameter distributions were checked for outliers, which 

were replaced by a value that was one lower or higher than the next extreme value that 

was not an outlier (Tabachnick & Fidell, 2007). Six outliers (1.9% of cases) were 

identified and replaced in the demographic questionnaire. No outliers were identified and 

replaced on the BPI Pain Intensity Scale =. There were 23 outliers detected (0.8% of 

cases) and replaced for the gait parameters, seven at the self-selected pace, ten at fast, and 

six at slow.  

3.3.1 t-tests. Twenty-one independent samples t-tests were completed to 

determine whether the two groups (Feigning and Non Feigning) differed from each other  
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Table 6. Gait Parameter Means 

Gait Parameter Means (SD) 

 Trial 1 Trial 2 Difference 

[Trial 2–Trial 1] 

Self-Selected Speed 

 Cadence (steps/min) 97.55 (17.39) 100.97 (17.68) 6.97 (5.99) 

Velocity (cm/sec) 84.49 (30.58) 90.04 (30.44) 12.87 (11.87) a 

Step Time Difference (sec) 0.06 (0.07) a 0.05 (0.06) a 0.04 (0.05) c 

Cycle Time Difference (sec) 0.01 (0.01) a 0.01 (0.01) a 0.01 (0.01) a 

Stride Length (cm) 103.22 (23.42) 106.74 (24.05) 8.21 (6.86) a 

Double Support (%) 33.85 (6.87) 33.57 (7.65) a 2.54 (2.26) a 

Swing (%) 33.06 (3.53) 33.50 (3.83) b 1.22 (1.14) a 

Fast Speed 

 Cadence (steps/min) 115.94 (20.48) 113.97 (20.83) 5.98 (5.88) a 

Velocity (cm/sec) 110.38 (36.03) 110.58 (36.66) 11.50 (13.00) a 

Step Time Difference (sec) 0.05 (0.05) a 0.05 (0.06) a 0.03 (0.05) d 

Cycle Time Difference (sec) 0.001 (0.01) a 0.01 (0.02) a 0.01 (0.02) a 

Stride Length (cm) 115.59 (27.30) 117.36 (27.55) 5.71 (5.08) a 

Double Support (%) 30.45 (6.86) 31.28 (7.90) 1.94 (2.15) a 

Swing (%) 35.00 (3.63) 35.00 (3.82) 1.31 (2.25) c 

Slow Speed 

 Cadence (steps/min) 85.99 (17.15) 89.72 (15.15) 5.98(5.88) a 

Velocity (cm/sec) 64.76 (24.94) 68.46 (24.24) 10.54 (8.78) a 
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Step Time Difference (sec) 0.07 (0.09) a 0.08 (0.09) a 0.04 (0.06) c 

Cycle Time Difference (sec) 0.01 (0.02) a 0.01 (0.01) a 0.01 (0.01) a 

Stride Length (cm) 88.63 (23.70) 93.20 (24.45) 7.49 (5.56) 

Double Support (%) 38.42 (8.70) 37.36 (7.77) 2.79 (2.78) a 

Swing (%) 30.68 (4.47) 31.76 (4.21) 1.54 (1.46) b 

Note: n = 63 unless otherwise indicated. Means in this table are presented are 

transformed. When necessary, for analysis purposes, distributions were transformed as 

follows: a = square root transformation b = reflect and square root transformation, c = 

inverse transformation, d = logarithmic transformation. 
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on the Trial 1 and Trial 2 parameters at each speed; transformed variables were used for 

items without a normal distribution, and untransformed variables were used for those 

normally distributed. These results are reported in Table 7.  

3.4 Tests Involving Consistency Across Trials 

3.4.1 Correlations. To determine participants’ consistency in gait, Pearson 

Product-Moment Correlation Coefficients were calculated between Trial 1 and Trial 2 

gait parameters separately for the Feigning and Non-Feigning Groups. Correlation 

coefficients were calculated for each untransformed gait parameter, separately for each 

speed and group, resulting in a total of 42 correlations. Correlations measure the degree 

to which two measurements of the same group vary together. In this instance, they are 

used to measure how the scores on the first and second trial fluctuate in relation to one 

another. These correlation coefficients with corresponding significance levels are 

presented in Table 8.  

Next, for each gait parameter, we tested whether the magnitude of the 

correlations differed between the Feigning and Non-Feigning Group. Results are shown 

in Table 8. To complete these comparisons, the following procedure was used: First, 

correlations were converted into Fisher`s Z scores; then group differences were tested 

by comparing the Trial 1 – Trial 2 correlations between the groups using the following 

formula (Ferguson, 1981). 

𝑍𝑟1 − 𝑍𝑟2

� 1
𝑛1 −

1
𝑛2
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Table 7: Gait Parameter Means (Standard Deviations) Broken Down by Group and 

Between Group Comparisons 

Trial 1 

Mean(SD) 

  Non-Feigning 

Group 

Mean (SD) 

n = 33 

Feigning Group 

Mean (SD) 

n = 30 

t (df) 
Cohen’s 

d 

Self-Selected 

 Cadence (steps/min) 98.06 (19.52) 96.99 (15.02) 0.24 (61) 0.06 

Velocity (cm/sec) 91.17 (34.47) 77.15 (24.11) 1.88 (57.38) 0.47 

Step Time Diff. (sec) 0.04 (0.06) 0.08 (0.08) -2.38 (61) 0.48 

Cycle Time Diff. (sec) 0.01 (0.01) 0.01 (0.02) 0.02 (61) 0.08 

Stride Length (cm) 109.42 (24.27) 96.39 (20.76) 2.28 (61) 0.58 

Double Support (%) 34.84 (7.51) 32.75 (6.02) 1.22 (61) 0.31 

Swing (%) 32.56 (3.81) 33.60 (3.16) -1.17 (61) 0.30 

Fast 

 Cadence (steps/min) 112.83 (20.98) 119.36 (19.96) 0.24 (61) 0.32 

Velocity (cm/sec) 117.93 (40.71) 102.08 (28.48) 1.83(57.37) 0.45 

Step Time Diff. (sec) 0.04 (0.05) 0.05 (0.04) -2.38 (61) 0.22 

Cycle Time Diff. (sec) 0.01 (0.01) 0.01 (0.01) 0.02 (61) 0.42 

Stride Length (cm) 124.74 (25.87) 104.89 (25.33) 3.07 (61)** 0.78 

Double Support (%) 30.56 (7.46) 30.32 (6.26) 0.17 (61) 0.03 
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Swing (%) 34.81 (3.67) 35.21 (3.64) -0.43 (61) 0.11 

Slow 

 Cadence (steps/min) 84.42 (17.47) 87.72 (16.91) -0.76 (61) 0.19 

Velocity (cm/sec) 70.31 (26.57) 58.66 (21.85) 1.89 (61) 0.48 

Step Time Diff. (sec) 0.04 (0.052) 0.10 (0.106) -3.30 (61)** 0.83 

Cycle Time Diff. (sec) 0.01 (0.015) 0.01 (0.015) -0.50 (61) 0.13 

Stride Length (cm) 97.16 (22.97) 79.26 (21.09) 3.21 (61)** 0.81 

Double Support (%) 38.72 (8.52) 38.09 (9.04) 0.36 (61) 0.09 

Swing (%) 30.51 (4.33) 30.86 (4.69) -0.27 (61) 0.07 

Trial 2 

Mean(SD) 

Self-Selected 

 Cadence (steps/min) 98.35 (19.44) 103.84 (15.32) -1.24 (61) 0.31 

Velocity (cm/sec) 92.17 (34.51) 87.69 (25.62) 0.58 (61) 0.15 

Step Time Diff. (sec) 0.05 (0.06) 0.05 (0.05) -0.60 (61) 0.15 

Cycle Time Diff. (sec) 0.01 (0.01) 0.01 (0.01) -0.05 (61) 0.01 

Stride Length (cm) 111.69 (23.34) 101.29 (24.01) 1.13 (61) 0.29 

Double Support (%) 34.62 (8.22) 32.41 (6.92) 0.66 (61) 0.17 

Swing (%) 33.14 (4.17) 33.89 (3.45) 0.98 (61) 0.25 

Fast 

 Cadence (steps/min) 110.38 (21.81) 117.91 (19.28) -1.24 (61) 0.31 

Velocity (cm/sec) 114.78 (42.30) 105.96 (29.27) 0.58 (61) 0.15 

Step Time Diff. (sec) 0.05 (0.06) 0.06 (0.05) -0.60 (61) 0.15 
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Cycle Time Diff. (sec) 0.01 (0.02) 0.01 (0.02) -0.05 (61) 0.01 

Stride Length (cm) 125.04 (25.74) 108.89 (27.39) 2.41 (61)** 0.61 

Double Support (%) 32.39 (8.42) 30.06 (7.23) 0.12 (61) 0.03 

Swing (%) 34.98 (4.11) 35.02 (3.54) -0.15 (61) 0.04 

Slow 

 Cadence (steps/min) 86.75 (14.93) 93.00 (14.96) -1.66 (61) 0.42 

Velocity (cm/sec) 70.90 (26.45) 65.76 (21.66) 0.89 (61) 0.22 

Step Time Diff. (sec) 0.07 (0.09) 0.09 (0.08) 0.93 (61) 0.23 

Cycle Time Diff. (sec) 0.01 (0.01) 0.01 (0.01) 1.01 (61) 0.25 

Stride Length (cm) 100.66 (23.24) 84.99 (23.42) 2.66 (61)** 0.67 

Double Support (%) 38.31 (7.81) 36.32 (7.72) 1.04 (61) 0.26 

Swing (%) 31.64 (4.41) 31.89 (4.05) -0.25 (61) 0.06 

Note. Means in this table are presented are untransformed. Diff= Difference, SD= 

Standard deviation, n=number of participants, df= degrees of freedom, cm=centimeters, 

sec=seconds, %= percentage of gait cycle. **p < .01. 
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Table 8: Correlations and Significance of Difference Test Between Trials 1 and 2 

 
Non-Feigning 

Group 
(n = 33) 

r 

Feigning Group 
(n = 30) 

r 

Significance of 

Difference 

Z 

 Self-Selected 

 Cadence (steps/min) 0.89** 0.77** 1.72 

Velocity (cm/sec) 0.88** 0.73* 0.92 

Step Time Difference (sec) 0.64** 0.48** 1.85 

Cycle Time Difference (sec) 0.46** 0.00 1.85 

Stride Length (cm) 0.94** 0.86** 2.52 

Double Support (%) 0.95** 0.81** 0.21 

Swing (%) 0.86** 0.84** 1.72 

 Fast 

 Cadence (steps/min) 0.93** 0.93** 0.08 

Velocity (cm/sec) 0.86** 0.83** 0.41 

Step Time Difference (sec) 0.46** 0.84** 2.70** 

Cycle Time Difference (sec) 0.28 0.51** 1.03 

Stride Length (cm) 0.98** 0.92** 3.02** 

Double Support (%) 0.77** 0.91** 1.94 

Swing (%) 0.89** 0.78** 1.48 

 Slow 

 Cadence (steps/min) 0.85** 0.81** 0.51 

Velocity (cm/sec) 0.74** 0.83** 0.92 
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Step Time Difference (sec) 0.27 0.80** 3.05** 

Cycle Time Difference (sec) 0.54** 0.23 1.41 

Stride Length (cm) 0.96** 0.91** 1.62 

Double Support (%) 0.81** 0.92** 1.65 

Swing (%) 0.92** 0.92** 0.17 

Note: R = Right, L = Left, cm = centimeters, sec = seconds, min = minute, % = percentage of 
gait cycle, ** = p < .01  
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3.4.2 Regression analyses. To further investigate the ability of across-trial 

consistency of gait parameters to determine group membership, regression equations 

were calculated on gait parameter difference scores. Difference scores for these variables 

were entered into the equation. Difference scores were calculated for the gait parameters 

between Trial 1 and Trial by subtracting Trial 2 from Trial 1 (x̅2 - x̅1). Difference scores 

were checked for outliers, 32 of which were replaced in the manner indicated above (2% 

of the data). 

Skewness and kurtosis statistics were used to determine the normality of the 

difference score distributions and significant distributions are indicated in Table 4. The 

distribution for each difference variable was examined (seven parameters for each speed, 

21 in total). Of these variables, 19 were not normally distributed. Variables with a 

skewness or kurtosis scores greater than 1.0 were selected to transform. A variety of 

transformations were tried and the one that resulted in a distribution most closely 

approximating a normal distribution was selected (Tabachnick & Fidell, 2007). 

Therefore, a square root transformation (NewX=√𝑋) was used to normalize 15 variables. 

A logarithm transformation (NewX=LogX) was completed for three variables. An 

inverse transformation (NewX=1/X) was computed for one variable. Table 6 indicated 

which transformations were used on each variable. 

  In order to determine whether differences between first and second walk gait 

parameters would distinguish group membership, a logistic regression model was 

conducted for each speed (fast, slow, self-selected). Predictor variables included: a) 

covariates including age, gender, education, time since injury, and BPI scores; b) and the 

gait parameter difference score (X1 - X2). Separate regressions were calculated for each 
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gait parameter. A conservative approach, that tested the significance of the full model, 

was used. If the model is significant, the independent and unique contribution of each 

variable is evaluated after all variables were entered into the equation. Separate 

regression analyses were conducted for each walking speed, self-selected, fast, and slow. 

The full model for the self-selected speed was not significant, F(12, 50) = 1.25, p = .28, 

R2 = 0.23. The full model for the fast speed was not significant, F(12, 50) = 1.84, p = .07, 

R2 = 0.31. The full model for the slow speed was not significant, F(12, 50) = 1.05, p = 

.42, R2 = 0.20. 

3.5 Follow up Analysis 

Receiver Operating Characteristic (ROC) curves are graphical plots which can be 

used to visually represent the performance of binary classifiers. To create this, a fraction 

of true positives out of the total actual positives (sensitivity) versus the fraction of false 

positives out of the total negatives (1 – specificity) is plotted. This allows for the 

evaluation of specificity and sensitivity of different cut off points (Rice & Harris, 2005). 

Each point on an ROC curve represents a sensitivity/specificity pair corresponding to a 

particular the decision threshold. Sensitivity (true positives) is the probability that a test 

result will be positive when the condition (Feigning Group membership) is present. 

Specificity (true negatives) is the probability that a test result will be negative when the 

condition is not present. ROC analysis provides sensitivity and specificity values for 

every possible score of the measure being validated; it enables selection of an optimal 

score (i.e. cut-off) that provides the best trade-off between sensitivity and specificity. An 

ideal cut-off enables to correctly classify both those individuals who are feigning (i.e. 

true positives) as well as those with legitimate gait disturbances (i.e. true negatives).  
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The Area Under the Curve (AUC) of the ROC curve is a measure of how well any 

parameter can distinguish between two groups (McGraw & Wong, 1992; Rice & Harris, 

2005). The total AUC is a single index for measuring the performance of a test. The 

larger the AUC, the better the overall predictive ability of the tested score. A useless test 

has an area of 0.5, which is equal to chance, or as predictive as flipping a coin. An ROC 

score with an area greater than 0.9 has high accuracy, while 0.7-0.9 has moderate 

accuracy, and 0.5 – 0.7 is low accuracy (Fischer, Bachman, & Jaeschke, 2003). A perfect 

test has an area of 1.0 and makes no errors. Most scores do not reach 1.0, and should be 

interpreted considering other information, such as the sensitivity and specificity. A score 

of 0.7 is considered acceptable provided the lower bound of the confidence interval does 

not fall below 0.5 (McGraw & Wong, 1992; Swets, 1988).    

In a series of follow-up analyses, the AUC was calculated for Trial 1 and 2 gait 

parameters wherein the t-tests for that parameter significantly differentiated for both the 

first and second trial, in the same direction. This rule was employed in order to minimize 

the probability of calculating ROC curves on non-robust, possibly chance, findings. The 

ROC approach was used as it enables the prediction of group membership (Feigning or 

Non-Feigning) from the gait parameters, to express diagnostic accuracy.  

Employing the decision rule, four ROC curves were calculated for Stride Length, 

Trial 1 and Trial 2, fast speed and slow speed. The AUC was calculated using SPSS, in 

which the program plots the ratio of true positives out of all positives versus the rate of 

false positives in a graphical representation. These results are summarized in Table 9.   
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Table 9: Individual Parameters - Area Under the Curve  

 Fast Slow 

 AUC SE 95% CI AUC SE 95% CI 

Trial 1  

Stride Length   
.73** .07 .60, .86 .72** .07 .60, .86 

Trial 2  

Stride Length 
.68** .07 .55, .82 .70** .07 .57, 82 

Note: N = 63. AUC = area under the curve, se = standard error, CI = confident interval 

**p < .01. 
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Sensitivity and specificity associated with various cut off scores were calculated 

for significant ROC analyses (Tables 10 and 11). A common method for determining the 

optimal cut-off point method balances sensitivity and specificity of a test, selecting the 

point on the curve closest to the (0,1) point (Fluss, Faraggi, & Reiser, 2005; Perkins & 

Schisterman, 2006). In this method, optimal sensitivity and specificity are defined as 

those yielding the minimal value for (1- sensitivity)2 + (1-specificy) 2. The lowest 

identified value for Trial 1 slow Stride Length was 90.5, with sensitivity being 0.67 and 

specificity at .77. The lowest identified value for Trial 2 slow Stride Length was 97.2, 

with sensitivity being 0.64 and specificity at .77. The lowest identified value for Trial 1 

fast Stride Length was 115.3, with sensitivity being 0.73 and specificity at .73. The 

lowest identified value for Trial 2 fast Stride Length was 113.7, with sensitivity being 

0.76 and specificity at .67. 

After the calculation of the AUC for individual parameters, described above, the 

AUC was calculated for gait parameters that had a significant difference in consistency 

correlation between groups at, at least two out of three test speeds. The two out of three 

speeds rule was employed in order to avoid calculation of AUCs for non-robust results. 

Four ROC curves were calculated using difference scores for the following predictors: 

one at the slow speed (Step Time Difference); two at the fast speed (Step Time 

Difference and Stride Length); and one at the self-selected speed (Stride Length). See 

Table 12 for results from these analyses. Cut off scores were not examined as there were 

no significant ROC results. 
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Table 10: Cut Off Scores – Stride Length, Fast Speed 

Stride 

Length 

(cm) 

Trial 1 Trial 2 

Sensitivity Specificity PPP NPP Sensitivity Specificity PPP NPP 

45 0.00 100.00 100 52 3.33 100.00 100 53 

55 3.33 100.00 100 53 3.33 100.00 100 53 

65 3.33 100.00 100 53 3.33 100.00 100 53 

75 13.33 97.02 80 55 10.00 93.87 60 53 

85 16.67 90.91 63 55 20.00 87.89 60 54 

95 33.33 81.83 63 57 26.67 81.83 57 55 

105 56.67 81.83 74 68 50.00 81.83 71 64 

115 70.00 72.71 70 73 66.67 75.81 71 71 

125 83.33 51.49 61 77 66.67 60.64 61 67 

135 86.67 39.43 57 76 86.67 36.42 55 75 

145 93.33 18.23 51 75 90.00 18.23 50 67 

155 96.67 12.14 50 80 90.00 9.12 47 50 

165 100.00 3.03 48 100 100.00 3.03 48 100 

175 100.00 0.00 48 100 100.00 0.00 48 100 

Note: N = 63. Sensitivity = number of participants correctly identified by the score to 

belong to the Feigning Group divided by the total number of participants identified, 

Specificity = number of participants correctly identified to be normal divided by the total 

number of participants identified, PPP = positive predictive power (number of 

participants correctly identified to belong to the Feigning group, divided by the total 



43 
 

 
 

number of participants identified as Feigning participants, correctly and incorrectly), 

NPP = negative predictive power (number of participants correctly identified to not 

belong to the Feigning Group, divided by the total number of participants identified as 

normal, correctly and incorrectly). 
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Table 11: Cut Off Scores – Stride Length, Slow Speed 

Stride 

Length 

(cm) 

Trial 1 Trial 2 

Sensitivity 

(%) 

Specificity 

(%) 
PPP NPP 

Sensitivity 

(%) 

Specificity 

(%) 
PPP NPP 

40 0.00 100.00 100 52 0.00 100.00 100 52 

50 10.00 97.02 48 75 0.00 100.00 100 52 

60 20.00 93.87 75 56 16.67 94.02 71 55 

70 43.33 84.89 72 62 26.67 90.91 73 58 

80 46.67 75.8 64 61 43.33 81.83 68 61 

90 76.67 66.7 68 76 56.67 69.67 63 64 

100 80.00 54.45 62 75 76.67 60.64 64 74 

110 90.00 27.32 53 75 86.67 36.42 55 75 

120 96.67 15.22 51 83 93.33 18.23 51 75 

130 100.00 3.03 48 100 96.67 12.14 50 80 

140 100.00 0.00 48 100 96.67 0.00 47 0 

Note: N = 63. Sensitivity = number of participants correctly identified by the score to 

belong to the Feigning Group divided by the total number of participants identified, 

Specificity = number of participants correctly identified to be normal divided by the total 

number of participants identified, PPP = positive predictive power (number of 

participants correctly identified to belong to the Feigning Group, divided by the total 

number of participants identified as Feigning participants, correctly and incorrectly), 

NPP = negative predictive power (number of participants correctly identified to not 
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belong to the Feigning Group, divided by the total number of participants identified as 

normal, correctly and incorrectly). 
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Table 12: Difference Scores - Area Under the Curve 

 Self-Selected Fast Slow 

 AUC SE 95% CI AUC SE 95% CI AUC SE 95% CI 

Stride Length .41 .10 .22,.59 .26 .08 .10, .42    

Step Time Difference    .45 .10 .25, .64 .63 .09 .45, .82 

Note: N = 63, AUC = area under the curve, se = standard error, CI = confident interval 

*p < .05, **p < .01. 
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CHAPTER 4: Discussion 

The detection of feigning in musculoskeletal pain represents a significant 

challenge for clinicians who often rely on subjective opinion in making such 

determinations. Given inadequacies of existing approaches, the ability of a computerized 

gait assessment to detect differences between individuals with genuine versus feigned 

gait disturbances was examined. Evaluation of the consistency of temporal and spatial 

gait parameters, using a computerized objective approach was expected to provide a 

useful method for the assessment of feigning in ambulation performance that reduces 

clinician/experimenter bias. Overall, participants with a genuine gait disturbance and 

those who were asked to feign one were highly consistent across trials. Although some 

group differences in consistency were identified, these did not seem to be sufficiently 

robust (and on one occasion they were in the opposite than predicted direction) to allow 

for recommendations on the use of computerized gait assessment in feigning detection. 

Manipulation checks confirmed the validity of the experimental approach. The 

first check indicated that the Feigning Group’s feigned gait parameters were significantly 

different from their normal walk (baseline). The second check demonstrated a significant 

difference in velocity across speeds (for both groups) confirming that all participants 

followed the instructions and walked using three different speeds (a self-selected speed, a 

slow speed, and a fast speed).    

4.1 Individual Parameters 

Although the primary hypothesis of this study involved consistency of gait 

parameters in Trial 1 and Trial 2, differences between the Feigning and Non-Feigning 

Groups on each individual parameter were also examined separately for each speed. 
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Feigning and Non-Feigning participants differed from each other on Stride Length for 

both Trial 1 and Trial 2. Those participants who were feigning a gait disturbance had a 

smaller Stride Length (i.e., average distance stepping from left foot to right and vice 

versa) than those participants who were not feigning. This finding occurred for both the 

fast and slow speed on both trials. For only one trial and one speed (slow), Step Time 

Difference emerged unexpectedly as an individual parameter that could predict group 

membership. Feigning Group participants showed greater Step Time Differences than 

Non-Feigning Group (i.e., the difference between how fast they step with the right foot 

and how fast they step with their left). No other individual parameters (e.g., Cadence, 

Cycle Time Difference) reached statistical significance when trying to predict whether or 

not a participant was feigning. In other words participants, regardless of experimental 

group, walked with similar gait assessed by most parameters. Despite the few differences 

between the walks of participants in the Feigning and Non-Feigning Groups, two 

variables, Trial 1 and 2 Stride Length met the criteria set out to be entered into ROC 

analysis. That is, Trial 1 and Trial 2 individual scores of Stride Length differentiated 

between those who were feigning and those who were not, for both the fast and slow 

speeds. The ability of Stride Length to determine whether or not a participant was 

feigning was found to be moderate (between 70-90%) accuracy. This moderate accuracy 

would be inadequate for a situation involving serious negative consequences for 

claimants who might be labeled incorrectly as feigning. These false positive rates would 

be too high to be clinically useful. Conversely, the specificity and sensitivity rates would 

be lower than suitable. For example, a slow Stride Length score of 130 centimeters 

maximizes our ability to identify feigned walks (100% in Trial 1 and 96.7% in Trial 2), 
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but misclassifies 97.0% of Non-Feigning participants as Feigning in Trial 1 and 88.9% in 

Trial 2. Conversely, given the importance of not misidentifying legitimate patients, a 

score of 50 centimeters on Stride Length misclassifies only three percent of Non-

Feigning participants in Trial 1 and none in Trial 2. Although on the surface, this low 

misidentification rate may give reason for optimism, the 50 cm cut off only identifies 

correctly 10% of Feigning participants in Trial 1, and 0% in Trial 2 respectively.  

When misclassification does not carry such heavy consequences, a balance 

between sensitivity and specificity is often sought. A common method for determining 

the optimal cut-off point method balances sensitivity and specificity of a test (Fluss, et 

al., 2005; Perkins & Schisterman, 2006). For Trial 1 slow speed Stride Length, this 

approach would recommended a 90 cm cut off. This would correctly identify 73% of 

Feigning Group members, while misclassifying 23% of Non-Feigning participants. For 

Trial 2 slow speed Stride Length, the recommended cut-off would be 97 cm. Use of this 

score would correctly identify 64% of Feigning participants, and misidentify 23% of 

Non-Feigning Group members. Again, these rates would not be acceptable in high stakes 

clinical situations that involve feigning. 

Given the moderate AUC score on the ROC analyses, under some circumstances a 

clinically useful cut off score could be reached. The probability that at any given cut off 

point the Feigning participants’ scores will be higher or lower than Non-Feigning 

participants is good. However, the range of parameter scores overlap between the 

experimental groups making the probability of misclassification too high for a clinical 

recommendation in high stakes feigning assessments. It is possible that further research 

will reveal that computerized gait analysis may contribute to detection of symptom 
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feigning when combined with other approaches. In and of themselves, however, the 

findings of this investigation are unlikely to have clinical utility at this time.  

4.2 Consistency 

Differences in walking parameters between Trial 1 and Trial 2 were expected to 

be greatest for the Feigning Group. That is, the walks of the Non-Feigning participants 

were expected to be more similar (i.e., more consistent) from Trial 1 to Trial 2 than the 

walks of the other group. In contrast to expectation, the results did not show robust 

differences in consistency between the Feigning and the Non-Feigning Group of 

participants. Interestingly, one of the few differences identified was in the opposite than 

expected direction with the Feigning Group being more consistent (less different between 

Trial 1 and Trial 2 scores) in their gait than the Non-Feigning Group. This finding 

challenges dominant viewpoints (Robinson & Dannecker, 2004) that consistency in 

musculoskeletal performance is more characteristic of genuine injuries than of feigned or 

exaggerated symptom presentations. 

The results showed, for the most part, that both groups were highly consistent in 

their gait across trials and did not differ from one another on their consistency. Only three 

variables (fast speed: Step Time Difference and Stride Length; slow speed: Step Time 

Difference) showed group differences in consistency from Trial 1 to 2. Unexpectedly, the 

slow speed Step Time Difference and fast speed Step Time Difference variable for the 

Feigning Group showed greater consistency from Trial 1 to Trial 2, as compared to the 

Non-Feigning Group. As mentioned above, this finding is contrary to clinical lore and 

academic articles that suggest consistency is more of a characteristic of a genuine gait 

disturbance than of a feigned one (e.g. Baker, 1998; Robinson & Dannecker, 2004). The 
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finding of greater consistency in the Feigning Group in Step Time Difference is difficult 

to explain and may be due to lower-limb musculoskeletal injury participants’ symptoms 

varying in presentation due to factors such as level of fatigue and exertion. For example, 

physiotherapy patients often have pain associated with their injury, pain which can be 

exacerbated with use and exercise. Thus, with multiple walks genuine lower-limb injury 

patients may be experiencing changes in gait as a function of fatigue. The finding 

suggests that caution should be exercised when considering consistency, especially in gait 

assessment, as an indicator of feigning symptoms.  

In two instances, consistency was greater for the Feigning Group, as predicted. 

Specifically, this occurred with self-selected Step Time Difference and fast Stride 

Length. It is noted however, that follow-up ROC analyses utilizing difference scores on 

these parameters could not differentiate well between the Feigning and Non-Feigning 

groups at fast or self-selected speeds. This suggests that this finding lacks robustness.  

Finally, the difference between Trial 1 and Trial 2 gait parameter difference 

scores (a measure of consistency) combined with demographic variables lacked ability to 

identify membership in the Feigning vs. Non Feigning Group. This was true regardless of 

the speeds examined (self-selected, slow, and fast). Therefore, difference scores were not 

found to be clinically significant or useful.  

4.3 Walking Speeds 

Speed dependent analysis tends to increase the ability of gait parameter variables 

to differentiate among various patient groups (Schniepp, 2014). Consistent with past 

research (Reelick et al., 2009), it was expected the greatest group differences would be 

observed at the fastest speed. However, when we consider all of the individual parameter 
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analyses in this study, the fast speed showed the least number of significant results 

(Stride Length for Trial 1 and 2), slow and self-selected speeds showed the same number 

significant individual parameters (i.e., Step Time Difference Trial 1 and Stride Length 

Trial 1 and 2) which is one more than the fast speed. No consistency parameters (Trial 2 

– Trial 1) at the self-selected, fast, or slow speed reached significance in differentiating 

between experimental groups. All analyses taken together indicate that, contrary to 

expectation, more significant and predictive results occurred at the slow speed and not the 

fast speed. That is, analysis of slow speed parameters showed more ability to determine 

whether participants belonged to the Feigning or Non-Feigning Group. Anecdotally, 

participants in the study supported this with several comments about their difficulty 

maintaining a feigned disturbance at the slow speed.    

Gait research on psychogenic movement disorders has indicated that slowness 

was indicative of feigning in visual assessment (Hinson & Haron, 2006). We did not find 

Cadence and Velocity (measures of speed) to be helpful in differentiating participants in 

the Feigning Group vs. the Non-Feigning Group. In other words, in this study, slowness 

was not an indicator of belonging to the Feigning Group. It is noted that prior research 

did not involve manipulation of participants’ walking speed as was done in this study. It 

is unclear whether our speed-related instructions contributed to our null finding. Previous 

research has demonstrated that measuring accuracy of certain parameters (Stride Length 

and Velocity) decreases as speed increases (Cutlip, et al., 2000). A decrease in accuracy 

of measurement could account for a weakened ability to discriminate between groups by 

decreasing parameter differences. This might be due to the participants in this study being 

given instructions on the speed they were to walk, thus narrowing the differences.  
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4.4 Conclusions, Limitations and Future Directions 

The findings of this investigation challenge the idea that consistency of symptom 

presentation is a sign of a genuine problem. In fact, in some instances, consistency was 

more characteristic of feigned rather than genuine gait disturbances, challenging clinical 

lore. Despite this interesting finding some limitations of this study should be 

acknowledged. Participants in the Non-Feigning Group had sustained a wide variety of 

injuries. Different types of injuries can result in different changes in the gait (e.g. 

sprained ankle vs. hip replacement). Examining participants with the same type of injury 

to the same area (i.e., third degree sprained ankle) could have potentially led to more 

consistency across trial performance for the Non-Feigning Group. This issue should be 

addressed in future research. Replicating this study, separately for specific injury 

subgroups, could allow for better detection of differences between a feigning and a non-

feigning participant. Thus, researchers could identify if any specific parameters were 

indicative of feigning for each specific injury (e.g., a sprained ankle may have greater 

consistency in Step Time Difference than seen in other types of injuries). 

Participants in this study were asked to pretend that they were walking with an 

injury. Also, neither of the two experimental groups had any incentive to walk or to not 

walk with consistency. Future research is needed to examine the impact of incentives on 

consistency (or lack thereof) of musculoskeletal performance. The presence of incentives 

could potentially lead to a different pattern of results. Moreover, in this study we were 

not able to determine whether feigning participants were mimicking a specific injury 

(e.g., a knee vs. a hip injury). Asking participants to mimic a specific type of injury (e.g., 

ankle) and comparing the feigned walk to a specific genuine group (i.e., with ankle 



54 
 

 
 

injuries) may yield different results in future research. Finally, consideration should be 

given to the possibility that level of pain could also affect the consistency of presentation 

and reporting of symptoms. 

If a computerised gait approach is found to be capable of discriminating between 

genuine and feigned symptoms in a more homogenous groups of patients, the findings 

would have the potential of enhancing the clinical armamentarium in the area of 

malingering detection. Under such circumstances, a computerized gait assessment 

protocol could be a great advance for practising therapists. That is, the assessment 

protocol may allow them to document gait impairments quickly in the clinic, confirm 

validity as part of that process, and track relevant changes.  

Expanding the amount and validity of clinical feigning detection tools is 

important due to a lack of a “gold standard” in the field at this time. The absence of a 

gold standard contributes to many injured persons being viewed with suspicion within the 

insurance compensation system (Hadjistavropoulos, 2013). Exploring new means of 

feigning detection must be an ongoing process. Limitations of current methods 

underscore the need for more research in this area.  
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Appendix A 

Demographic Questionnaire 

Participant Number #______ 

1) What is your age? ___________________________ 

2)  What is your sex? 

    □ Male 

    □ Female 

3) Marital status (at present) 

  1. □ Single  3. □ Widowed 

  2. □ Married  4. □ Separated/Divorced 

4) Education (Circle only the highest grade or degree completed) 

 Grade  0 1 2 3 4 5 6 7 8 

   9 10 11 12  

BA/BSc Post-Graduate 

5) Current occupation 

___________________________________________________________ 

(specify titles; if you are not working, tell us your previous occupation) 

6) Which of the following best describes your current job status? 

 □ 1. Employed outside the home, full time  □ 5. Retired 

 □ 2. Employed outside the home, part time  □ 6. Unemployed 

 □ 3. Homemaker     □ 7. Other 

□ 4. Student 

7) What is your physical diagnosis? 
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8) How long has it been since you first learned your diagnosis? _______ months 

 

9) Have you have had pain due to your present condition? 

 1. □ Yes 2. □ No 3. □ Uncertain 

10) How long have you had this pain problem (if applicable)? _______ months 

11) When you first received your diagnosis, was pain one of your symptoms? 

1. □ Yes 2. □ No 3. □ Uncertain 

12) Do you limp when you walk? 

1. □ Yes 2. □ No 3. □ Uncertain 

13) Have you had surgery in the past month? 

 1. □ Yes 2. □ No 
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