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Abstract 1 

The primary purpose of this study was to assess the validity of two motion sensors in 2 

measuring steps in institutionalized older adults during daily life activities. Sixty-eight 3 

nursing home residents (85.8 ± 5.6 years) were equipped with a hip-worn and ankle-worn 4 

piezoelectric pedometer (New Lifestyles 2000) and with an arm-mounted multisensor 5 

(Sensewear Mini). The actual steps were tallied by an investigator with a hand counter. The 6 

results revealed that the multisensor and hip- and ankle-worn pedometer significantly 7 

underestimated step counts (89.6 ± 17.2%, 72.9 ± 25.8% and 20.8 ± 24.6%, respectively). 8 

Walking speed accounted for 41.6% of the variance in percent error of the ankle-worn 9 

pedometer. The threshold value for accurate step counting was set at 2.35 km/h, providing 10 

percent error scores within ±5%. The ankle-worn piezoelectric pedometer can be useful for 11 

accurate quantification of walking steps in the old and old-old walking faster than 2.35km/h.  12 

 13 

Keywords: motion sensors, validity, institutionalized older adults, daily physical activity14 
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Counting Steps in Institutionalized Older Adults during Daily Life Activities: the Validation 1 

of Two Motion Sensors 2 

 3 

The fastest-growing segment of the population worldwide is the old-old, i.e., those 85 4 

years and over (Christensen, Doblhammer, Rau, & Vaupel, 2009). Aging is associated with a 5 

reduction in muscle strength and physical fitness, which contribute to a loss of independence 6 

(Spirduso, Francis, & MacRae, 2005). Regular participation in physical activity (PA), both in 7 

the old (75–84 years) and the old-old, has been associated with improved quality of life and a 8 

decreased risk for disability, morbidity and chronic diseases (Taylor & Johnson, 2008). 9 

Walking is the primary mode of PA among the older population (Yusuf et al., 1996). 10 

Consequently, valid and reliable PA monitors that specifically address walking are needed for 11 

this population. 12 

In the last decades, both subjective and objective measures of PA, including walking 13 

have been developed. Self-report diaries and questionnaires are easy to administer, but rely 14 

on a person’s ability to judge duration, frequency and intensity (Montoye, 1995). More 15 

recently, more attention has been paid to motion sensors, i.e., pedometers and accelerometers. 16 

These devices can capture unstructured activities of light intensity that are common in older 17 

adults (i.e. walking) and that are often poorly reported on subjective questionnaires (Sallis & 18 

Saelens, 2000).    19 

Different studies investigated the validity of a range of pedometers and revealed 20 

marked differences in accuracy, cost and technology (Schneider, Crouter, & Bassett, 2004; 21 

Schneider, Crouter, Lukajic, & Bassett, 2003). Piezoelectric pedometers, using a piezoelectric 22 

crystal to measure acceleration are considered to be more sensitive to count steps in 23 

comparison to spring-levered pedometers (Crouter, Schneider, & Bassett, 2005; Melanson et 24 

al., 2004). However, the objective assessment of walking steps remains a challenge in the 25 

older population, with a slow shuffling walking pattern and frequent use of walking aids 26 
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(Clarke, Chan, Santaguida, & Colantonio, 2009). Grant, Dall, Mitchell, and Granat (2008) 1 

examined the validity of piezoelectric pedometers in the older population (71.9 ± 5.7 years) 2 

and showed an underestimation of steps at the slowest walking speed (2.41 km/h).     3 

Pedometers are typically worn at the waist. However, previous research suggested that 4 

the ankle might be a more suitable location for step counting at slow walking speeds (Bassett 5 

& Dinesh, 2010; Feito, Bassett, & Thompson, 2012; Karabulut, Crouter, & Bassett, 2005; 6 

Shepherd, Toloza, McClung, & Schmalzried, 1999; Tangney, Carlson, Kwasny, Rockway, & 7 

Staffileno, 2011). Compared with waist-worn devices, ankle-worn devices are not susceptible 8 

to errors due to motion of soft tissue and are more sensitive to movement. To our knowledge, 9 

no previous study in either young or old adults has yet tested the validity of a low-cost 10 

piezoelectric pedometer worn at the ankle. 11 

In addition to pedometers, more expensive multisensors can be used for step counting. 12 

The newest Sensewear Mini Armband (SW, BodyMedia, Pittsburgh, PA, USA) includes 13 

several physiological sensors along with a triaxial accelerometer, given the capacity to 14 

motion measurement in three dimensions. To our knowledge, the SW has not yet been 15 

validated for step counting in either young or old adults.  16 

Most research on step count accuracy focused on the young-old (65–74 yr) or 17 

community-dwelling older population. An important gap in the literature is the limited 18 

information on the validity of pedometers in the old and old-old, especially in 19 

institutionalized older adults. Moreover, limited data exists under free-living conditions 20 

(Cavalheri et al., 2011; Langer et al., 2009). Most studies have established the validity of 21 

pedometers and accelerometers under controlled conditions (e.g., treadmills) (Cyarto, Myers, 22 

& Tudor-Locke, 2004; Furlanetto et al., 2010; Grant et al., 2008; Marsh, Vance, Frederick, 23 

Hesselmann, & Rejeski, 2007). However, in daily life, motion sensors are subject to other 24 
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sources of error. For example, the walking speed obtained in a lab may be higher than 1 

ambulatory walking speed.  2 

Because of the increasing need to measure PA, and in particular step counts among 3 

the old and the old-old, the purpose of the present study was twofold. The first aim was to 4 

assess the utility of an inexpensive piezoelectric pedometer worn at the hip and at the ankle 5 

during daily activities among nursing home residents. Simultaneously, the multisensor 6 

Sensewear Mini will be evaluated for step counting. We hypothesized that the ankle-worn 7 

pedometer is most accurate for quantifying steps (hypothesis 1). The second aim of this study 8 

was to investigate whether walking speed or the use of walking aids impair the performance 9 

of the hip- and ankle-worn pedometer and arm-mounted multisensor. Based on past work in 10 

the old and old-old, it was hypothesized that walking speed would be the significant predictor 11 

of step count accuracy (hypothesis 2). 12 

Method 13 

Participants 14 

Eighty-two residents, 67 females and 15 males volunteered to participate in this study. 15 

Participants were recruited in three nursing homes in Flanders, Belgium. The participants 16 

were screened for following inclusion criteria by a general practitioner:: 70 years or older, 17 

able to walk alone with or without walking aid, no vestibular or thrombotic disorder, no 18 

recent cardiovascular event or fracture, no severe dementia (MMSE ≥ 18) and no need for 19 

oxygen supplementation during daily activities. General practitioner’s permission was 20 

obtained, and participants gave written informed consent. All procedures were approved by 21 

the human Ethics Committee of the KU Leuven.  22 

Procedure 23 

Study design. All measurements were conducted by one investigator at the nursing 24 

home where the participants resided. Participants attended three testing days. 25 
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On the first day (1) height and weight were assessed with a stadiometer and an 1 

electronic scale. (2) Physical dependency was measured by the Katz-index. Participants are 2 

ranked into five categories according to their ability to perform activities of daily living (i.e. 3 

O, A, B, C and Cd; O = complete independence, Cd = complete dependence  (Katz, Ford, 4 

Moskowitz, Jackson, & Jaffe, 1963). (3) Functional exercise capacity was measured using the 5 

six-minute walk test (American Thoracic Society, 2002). During this test, (4) step length was 6 

also determined. While participants were walking, the investigator marked a starting point 7 

behind the heel of the left foot and counted 10 steps. At the 10
th

 step, he marked a second 8 

point, again behind the heel of the left foot. Distance between the two points was measured 9 

and divided by 10. The average of 2 measurements was included in the analyses. (5) The 10 

Mini Mental State Examination (MMSE), a 30-point questionnaire, was used to screen for 11 

cognitive functioning (Folstein, Folstein, & McHugh, 1975).  12 

On the second day, all participants were submitted to two additional measurements: 13 

(6) Functional performance was measured using the modified Physical Performance Test 14 

(mPPT). It is a performance-based measure of functionality related to daily activities. If the 15 

individual scores lower than17 on a maximum score of 36, the individual is considered as no 16 

longer independent (Brown, Sinacore, Binder, & Kohrt, 2000). (7) Normal walking speed 17 

(expressed in km/h) was also determined, by having participants walk 7.5 m in a straight line 18 

as in their daily walking. Distance was divided by time to compute walking speed. 19 

On the third day the validation test was carried out. For validation, participants wore 20 

the piezoelectric pedometers New Lifestyles 2000 (NL) (New-Lifestyles Inc., Lee’s Summit, 21 

MO, USA) and multisensor Sensewear Mini (SW) (BodyMedia Inc., Pittsburgh, PA, USA) 22 

simultaneously. Consistent with previous studies, actual steps were observed and recorded at 23 

the completion of each task by one investigator using a hand-tally counter as criterion method 24 

(Tudor-Locke, 2002). The investigator counted steps for all participants, but did not assist the 25 
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residents and was therefore not distracted by the residents when counting steps. In the current 1 

study, a step was defined if the foot was repositioned to change the base of support. 2 

Horizontal translation of the foot was required to in order to count a step.  3 

Validation protocol. Participants underwent a 30-minute standardized protocol in 4 

which they performed three different tasks during a given time. The tasks, each lasting 4 5 

minutes and separated by 4 minutes rest, were representative of some everyday life activities 6 

and based on the Glittre ADL-test (Skumlien, Hagelund, Bjortuft, & Ryg, 2006). More 7 

specifically, participants had to (1) walk between two cones positioned 5 m apart, (2) to rise 8 

from a chair and sit in another chair positioned 5 m apart, and (3) to move objects. The 9 

objects, used in daily life and weighting less than 500 g had to be moved from one table to 10 

another table positioned 5 m apart. Participants walked at self-selected speed and usual 11 

walking aids were allowed. They were assisted by a second investigator, ensuring the safety 12 

of the individual in case of loss of balance. The investigator walked behind the participant to 13 

avoid influencing participants’ walking speed. 14 

Materials 15 

The piezoelectric pedometer NL uses a piezoelectric accelerometer mechanism. Due 16 

to acceleration, a piezoelectric crystal compresses and generates a voltage. Voltage 17 

oscillations are used to record steps. Participants wore the pedometer secured to a waist-worn 18 

belt, close to the midline of the thigh as per the manufacturer’s instructions. In the present 19 

study, participants were also equipped with a pedometer at the ankle, just above the lateral 20 

malleolus. Devices were worn on both the right and left sides of the body.  21 

The multisensor SW was worn over the triceps muscle of the left arm, according to 22 

the manufacturer’s instructions. The device includes a triaxial accelerometer, given the 23 

capacity for 3-dimensional spatial movement measurement.  The SW counts steps on a 24 

minute-by-minute basis. 25 
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Statistical Analyses  1 

Data were analyzed using SPSS software version 16.0 (Chicago, IL). For all analyses, 2 

the significance level was set at p < .05. Pearson’s product moment and Intra-class 3 

correlations between step counts from each device and manual step counts were calculated. A 4 

correlation >.70 was defined as representing evidence of validity (Touliatos, Perlmutter, & 5 

Straus, 2001). To facilitate comparison, percent error score was calculated as [(actual steps – 6 

device steps)/actual steps x 100]. In addition, agreement for step counts was studied by the 7 

Bland and Altman method, where differences are plotted against average scores. Regression 8 

analysis was performed to determine whether variables (e.g., walking speed and walking aid) 9 

contribute to percent error scores. Finally, to define a relevant threshold value for walking 10 

speed, Receiver Operator Characteristic (ROC) curves were obtained. 11 

Results 12 

Sample Characteristics 13 

A total of 82 men and women initially consented, and were considered eligible by the 14 

nursing home staff. Fourteen participants dropped out after base measurements (day 1 and 2) 15 

for a variety of reasons: death (n = 2), loss of interest (n = 5), health conditions (n = 6) or 16 

anxiety (n = 1). As a result, 68 participants were included in the final statistical analyses. 17 

Drop-out analyses revealed no significant differences between participants and drop-outs for 18 

the variables listed in Table 1. Descriptive statistics are summarized in Table 1.  19 

The final study sample consisted of 14 male and 54 female, aged between 71.2 and 20 

97.8 years old. Participants had low scores on physical performance tests and had an average 21 

walking speed of 2.01 ± 0.68 km/h (range = 0.69–3.54 km/h). Forty-seven percent scored 22 

below 24 on the MMSE, suggesting the presence of cognitive impairment (Folstein et al., 23 

1975). 24 
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--------------------- 1 

insert Table 1 2 

--------------------- 3 

 4 

Data Completeness 5 

Five participants did not have complete data. Three residents had missing total step 6 

count data for all devices, because they could not complete the whole protocol due to 7 

tiredness. In addition, two residents had incomplete total hip pedometer data, because of a 8 

practical problem with the waist-worn belt securing the pedometers during one or two tasks.   9 

Validity Evidence 10 

As shown in Table 2, the number of steps registered by the SW and NL were 11 

significantly lower than actual steps, for each task and for the sum of the three tasks. SW, NL 12 

hip and NL ankle significantly differed from each other. However, no significant differences 13 

emerged between pedometers worn on the right and left sides of the body. Consequently, for 14 

the purpose of this study, the two sides were averaged for further analyses. 15 

Table 2 shows that there were substantial differences between devices in capturing 16 

steps in the old and old-old. This was also reflected in the Pearson’s correlation and Intraclass 17 

correlation coefficients (ICC) between manual step counts and device-determined step counts 18 

(Table 3). The consistency between the measures was not acceptable, with the exception of 19 

the ankle-worn pedometer. Therefore, only the ankle-worn pedometer was used in further 20 

analyses. 21 

--------------------- 22 

insert Table 2 23 

--------------------- 24 
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--------------------- 1 

insert Table 3 2 

--------------------- 3 

Although the reliability of the ankle-worn pedometer was acceptable, its accuracy was 4 

poor. The Bland and Altman plot for the ankle-worn pedometer (Figure 1) depicts an average 5 

underestimation of 120.4 steps of an average of 693.3 steps for the entire protocol. The wide 6 

limits of agreement indicate a great variation in step count accuracy. It should be noted that 7 

the consistency increased as step counts increased, r = –.58; p < .05. 8 

--------------------- 9 

insert Figure 1 10 

--------------------- 11 

Determinants of Pedometer Accuracy 12 

The percent error of the ankle-worn pedometer was negatively correlated   (p < .05) 13 

with the following variables: six-minute walk distance (r = –.57); step length (r = –.56) and 14 

walking speed (r = –.65). The use of a walking aid (r = .42) increased the percent error of the 15 

ankle-worn pedometer. No systematic effect of BMI was found. 16 

A stepwise regression analysis was performed with percent error as criterion variable 17 

and the variables listed in Table 4 as predictors. Walking speed emerged as only significant 18 

predictor and explained 41.6% of the variance in percent error of the ankle-worn pedometer, 19 

β = –.65, t = –6.82, p < .05. In our sample, pedometer accuracy improved as walking speed 20 

increased. Percent error is plotted as a function of walking speed for the three devices in 21 

Figure 2.  22 

--------------------- 23 

insert Table 4 24 

--------------------- 25 
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--------------------- 1 

insert Figure 2 2 

--------------------- 3 

Impact of Walking Speed on Accuracy 4 

Because walking speed significantly predicted percent error of the ankle-worn NL 5 

(Figure 2), the ROC method was used to determine a cutoff value of walking speed for 6 

accurate step counting. Walking speeds of nursing home residents above this threshold would 7 

result in an accurate quantification of steps. Figure 3 represents the ROC curve, plotting the 8 

false-positive rate versus the true-positive rate for each possible cutoff value. The cutoff 9 

value for accurate step counts with the ankle-worn pedometer yielded the best compromise 10 

between sensitivity (0.84) and 1 - specificity (0.13) and was set at 2.35 km/h, providing 11 

percent error scores within ± 5%.  12 

--------------------- 13 

insert Figure 3 14 

--------------------- 15 

Discussion 16 

Main Findings 17 

In this study, we investigated the step count accuracy of a hip- and ankle-worn 18 

piezoelectric pedometer and an arm-mounted multisensor during daily life activities in 19 

institutionalized older adults. The results showed that, in the three wearing conditions (arm, 20 

hip and ankle), steps were significantly underestimated (Table 2). However, there were 21 

substantial differences in performance between the three conditions. More specifically, the 22 

arm-mounted SW underestimated the number of steps by approximately 90%, while the hip- 23 

and ankle-worn pedometer underestimated the number of steps by approximately 70% and 24 

20%, respectively.  25 

Page 11 of 31

Human Kinetics, 1607 N Market St, Champaign, IL 61825

Journal of Aging and Physical Activity



For Peer Review

COUNTING STEPS IN INSTITUTIONALIZED OLDER ADULTS  12 

 

With respect to the SW, previous research had already shown that the Sensewear Pro 1 

Armband poorly estimated the number of steps (Cavalheri et al., 2011; Furlanetto et al., 2010; 2 

Manns & Haennel, 2012; Langer et al., 2009). A possible explanation for the high percent 3 

error in step counts is that the device is worn around the upper arm. This is not an ideal 4 

wearing position for step detection, as older adults have a diminished arm swing (Touhy, 5 

2012). However, to our knowledge, the present study was the first to test step count accuracy 6 

of the multisensor Sensewear Mini, including a triaxial instead of a biaxial accelerometer. 7 

The measurement of accelerations in three dimensions (instead of two dimensions) could 8 

improve step count accuracy. Nevertheless, our study revealed a higher percent error than 9 

previous studies using the Sensewear Pro Armband. A first possible explanation is that the 10 

walking speed in our study was lower than the walking speed reported in previous studies 11 

(2.0 ± 0.68 km/h vs. 2.90 ± 0.61 km/h) (Cavalheri et al., 2011).  A second possible 12 

explanation is that 70% of our participants used a walking aid, which not only reduced 13 

walking speed, but also diminished their arm swing (Manns & Haennel, 2012).  14 

With respect to the piezoelectric pedometer, the measurement accuracy was 15 

considerably lower when it was worn at the hip than when it was worn at the ankle. A 16 

possible explanation for this discrepancy is that a vertical wearing position, which is 17 

recommended by the manufacturer, is more easily maintained at the ankle. Differences in 18 

body shape and in how the device is attached to clothing can influence the positioning of the 19 

pedometer at the hip (i.e., the tilt angle) and thus reduce accuracy. Moreover, movements at 20 

the hip are less obvious in the old and old-old as there is a decrease in step length and step 21 

height (lifting of the foot when taking a step) (Touhy, 2012). Less than 30% of actual steps 22 

were recorded by the hip-worn piezoelectric pedometer, indicating an error of 70%. This 23 

finding concurs with previous validation studies in younger adults, which revealed gross 24 

underestimation at slow treadmill speeds. For example, Foster et al. (2005) and Melanson et 25 
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al. (2004) counted 61 ± 3.3% and 56.4 ± 33.8% of actual steps at 1.61 km/h respectively, 1 

while Karabulut et al. (2005) counted less than 20% of actual steps.  2 

In line with hypothesis 1, the ankle-worn pedometer was clearly the most accurate 3 

measurement tool when quantifying steps. This finding is consistent with that of Tangney et 4 

al. (2011), who found that a spring-levered pedometer at the ankle was the most cost-5 

effective and accurate device for use at the slowest speed. To our knowledge, no study has 6 

yet tested the validity of an ankle-worn piezoelectric pedometer in the old and old-old. The 7 

ankle-worn pedometer had a strong correlation with manual step counts (r = .87, p < .05). 8 

Nevertheless, the percent error scores remained high (20.8 ± 24.6%).We had expected lower 9 

percent error scores as piezoelectric pedometers are considered more sensitive than spring-10 

levered pedometers (Crouter et al., 2005; Melanson et al., 2004). Moreover, the (rather 11 

expensive) ankle-worn Stepwatch activity monitor (OrthoCare Innovations, Seattle, WA, 12 

USA) has been shown to be the most accurate device for step counting, also in the old and 13 

old-old (Bassett & Dinesh, 2010). However, our study still showed a significant 14 

underestimation of steps at the ankle in institutionalized older adults. A possible explanation 15 

is the slow walking speed measured in our study sample. 16 

Walking Speed and Use of Walking Aids. In line with hypothesis 2, the current 17 

study revealed a clear impact of walking speed in the old and old-old. Measurement accuracy 18 

was reduced at slow walking speeds. More specifically, walking speed accounted for 42% of 19 

the variance in the percent error of the ankle-worn pedometer. A possible explanation is the 20 

shuffling gait pattern and gait impairments, which are often observed in slow walking older 21 

adults. This finding is generally consistent with other studies in young and old adults using 22 

piezoelectric pedometers. Marsh et al. (2007) found a significant correlation (ρ = –0.62, p < 23 

.001) between gait speed and the difference scores of a piezoelectric pedometer. In a study by 24 

Tyo et al. (2011), 43.3% of the variance in pedometer error was explained solely by stepping 25 
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frequency, ß = –0.66; p < .001. On the other hand, it should be noted that this is the first study 1 

to test the step count accuracy of a piezoelectric pedometer worn at the ankle. 2 

In addition, we identified a threshold value of walking speed for accurate step 3 

counting (percent error within 5%) in the old and old-old. More specifically, the ankle-worn 4 

pedometer proved to be acceptably accurate for quantifying steps at walking speeds of 2.35 5 

km/h or above. Nevertheless, the number of steps remained underestimated, with a mean 6 

percent error of 3.9 ± 4.6% (p < .05). This finding is relevant for future studies concerning 7 

the old and old-old. Usual walking speed of each participant should be measured with a 8 

simple test and compared with the threshold value of 2.35 km/h. The ankle-worn 9 

piezoelectric pedometer is applicable for those participants whose walking speed exceeds the 10 

threshold value (i.e. 30% of our study sample). 11 

In the present study, 70% of the participants required a cane or walker during the 12 

validation test. The use of walking aids may cause alterations in walking pattern. A 13 

significant correlation emerged between the use of walking aids and the percent error scores 14 

of the ankle-worn pedometer, r = .42; p < .05. However, stepwise regression analysis (Table 15 

4) excluded the use of walking aids as a significant predictor, as it was negatively related to 16 

walking speed. Participants using a walking aid walked 1.78 ± 0.55 km/h while participants 17 

who did not require a walking aid walked 2.53 ± 0.66 km/h (p < .05). These findings are in 18 

agreement with those of Webber, Magill, Schafer, and Wilson (2013), who reported slower 19 

walking speeds in individuals who used walking aids (2.99 ± 0.72 km/h versus 4.36 ± 0.72 20 

km/h for non-walking aids users, p < .001). 21 

Study Strengths  22 

A first strength of our study is that the sample was larger (n = 65) and considerably 23 

older (85.8 ± 5.6 years) than previous validation studies in older adults. Bergman, Bassett, 24 
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Muthukrishnan, and Klein (2008), Grant et al. (2008), and Marsh et al. (2007) tested 21 1 

participants (78.6 ± 13.1 years), 20 participants (71.9 ± 5.7 years), and 29 participants (75.8 ± 2 

4.2 years), respectively. 3 

A second strength is that two objective step counters were validated against the gold 4 

standard of manual step counts.  5 

A third strength of this study is that participants performed activities in a daily setting, 6 

namely their nursing home. No treadmill or track was needed and distances could be 7 

standardized. Information obtained on a treadmill is difficult to generalize to daily life 8 

because of kinematic differences between treadmill and over ground walking (e.g., slower 9 

stride rates). Moreover, familiarization to a treadmill is difficult for older adults (Foster et al., 10 

2005; Marsh et al., 2007; Wass, Taylor, & Matsas, 2005).  11 

Study Weaknesses 12 

A first limitation of this study is that activities such as stair climbing, stationary 13 

bicycling and fidgeting movements (e.g., leg swinging and heel tapping) were not taken into 14 

account. However, these movements potentially result in the detection of erroneous steps. 15 

Karabulut et al. (2005) showed that the ankle-worn activity monitor Stepwatch was 16 

responsive to heel tapping, leg swinging and cycling; whether the waist-mounted pedometers 17 

recorded virtually no steps during these movements. On the other hand, they suggested that 18 

these movements would not make a meaningful contribution over a 24h period.  19 

A second limitation is that we did not obtain a gait score (indicating possible gait 20 

problems). Cyarto et al. (2004) found that gait disorders hamper the utility of pedometers in 21 

nursing home residents. 22 

Conclusion 23 
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In conclusion, the present findings indicate that the multisensor SW and the hip-worn 1 

piezoelectric pedometer are insufficiently accurate for quantifying steps during daily life 2 

activities in institutionalized older adults. By contrast, an ankle-worn pedometer can be 3 

useful, but only in the old and old-old walking faster than 2.35 km/h. Pedometers have a great 4 

ease-of-use and are well suited as inexpensive motivation tools because they provide 5 

immediate feedback. However, further research is needed to develop accurate measurement 6 

tools for quantifying steps in (institutionalized) older adults with slow walking gaits (< 2.35 7 

km/h). Researchers and practitioners should consider this information when selecting a 8 

device for use in the old and old-old. 9 

10 
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 1 

Figure 1. Bland-Altman plot depicts the agreement between step counts registered by the 2 

ankle-worn pedometer versus actual step counts during the entire protocol. The line in bold 3 

corresponds to the mean difference, whereas the dotted lines correspond to the upper and 4 

lower limits of agreement. 5 

 6 
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 1 

Figure 2. Scatter plots of walking speed (km/h) and percent error [(actual steps – device 2 

steps)/actual steps x100] of the three devices: SW (x), NL hip ( ), and NL ankle (•). 3 
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 1 

Figure 3. ROC curve for the identification of the threshold value for walking speed. The X-2 

axis represents false-positive rates, the Y-axis true-positive rates. (  ) yields the best 3 

compromise between sensitivity and specificity. Area under the curve indicates a 4 

discriminative value of .88 [95% CI 0.79 – 0.97].  5 

 6 

 7 
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Table 1  1 

Sample Characteristics (N = 68). 2 

Variable Mean ± SD 

Female (%) 79.4 %  

Age (yr) 85.8 ± 5.6 

Institutionalized period (yr) 3.1  ± 3.2 

BMI (kg/m²) 28.8 ± 5.4 

MMSE scores 0–30 22.3 ± 5.7 

Katz index (%)     

O 14.7 %  

A 29.4 %  

B 33.8 %  

C 2.9 %  

Cd 19.1 %  

mPPT scores 0–36 16.8  ± 7.4 

6MWD (m) 167.5 ± 74.7 

Walking speed (km/h) 2.0 ± 0.7 

Step length (cm) 36.1 ± 10.0 

Walking aid (%)    

None 30.9 %  

Rollator/walker 52.9 %  

Cane/crutch 11.8 %  

Physical assistance 4.4 %  
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Note. Presented as mean ± SD or as otherwise indicated. Abbreviations: BMI = Body Mass 1 

Index; MMSE = Mini Mental State Examination; mPPT = modified Physical Performance 2 

test; 6MWD = six-minute walk distance. 3 

 4 
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Table 2  1 

Comparison of Step Counts Given by Observation (Actual Steps) and Recorded by SW and NL 2 

(Device Steps) for Each of the Three Tasks and during the entire protocol (sum of all tasks). 3 

Percent Error = [(Actual Steps – Device Steps)/Actual Steps] x100. 4 

Tasks Device Steps ± SD Percent error ± SD 

Walking Actual steps 296.0 ± 73.2     

 SW 27.5 ± 51.6 * 91.9 ± 14.9 

 NL left hip 83.6 ± 97.0 *§ 74.5 ± 27.4 

 NL right hip 79.7 ± 92.8 * 75.6 ± 26.3 

 NL left ankle 242.5 ± 108.9 *¥ 21.5 ± 25.8 

 NL right ankle 243.8 ± 116.4 * 21.1 ± 30.5 

Rising/sitting in chairs Actual steps 161.6 ± 58.0     

 SW 25.6 ± 53.4 * 87.5 ± 21.8 

 NL left hip 53.0 ± 65.0 *§ 71.2 ± 28.2 

 NL right hip 51.4 ± 63.1 * 72.4 ± 27.3 

 NL left ankle 134.9 ± 73.3 *¥ 20.8 ± 26.5 

 NL right ankle 136.7 ± 74.4 * 19.5 ± 30.2 

Moving objects Actual steps 230.8 ± 66.8     

 SW 30.8 ± 57.3 * 89.5 ± 18.2 

 NL left hip 70.2 ± 77.6 *§ 73.2 ± 26.5 

 NL right hip 70.5 ± 75.8 * 73.5 ± 25.8 

 NL left ankle 182.2 ± 79.2 *¥ 24.3 ± 21.0 

 NL right ankle 188.7 ± 90.0 * 21.7 ± 27.6 

Total Actual steps 693.3 ± 177.7     

 SW 85.9 ± 150.5 * 89.6 ± 17.2 
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 NL left hip 213.4 ± 234.0 *§ 72.5 ± 27.2 

 NL right hip 206.8 ± 223.9 * 73.5 ± 25.8 

 NL left ankle 568.8 ± 244.6 *¥ 21.4 ± 22.8 

 NL right ankle 577.1 ± 264.8 * 20.2 ± 28.4 

Note. Abbreviations: SW = multisensor Sensewear Mini; NL = pedometer New Lifestyles 1 

2000. Bonferroni adjustment for pairwise comparisons. 2 

*  p < .05 vs. actual steps 3 

§  p > .05 vs. NL right hip 4 

¥  p > .05 vs. NL right ankle 5 
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Table 3  1 

Correlation Coefficients and Intraclass Correlation Coefficients Between Actual Steps and 2 

Steps Recorded by SW, NL hip and NL ankle during the entire protocol.   3 

Device r    ICC   [95% CI] 

SW .50* 

.60* 

.87* 

.06  [-0.03, 0.25] 

 [-0.06, 0.45] 

 [ 0.19, 0.88] 

NL hip .15 

NL ankle .72 

 * p < .05  4 
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Table 4  1 

Stepwise Multiple Linear Regression Model of Variables Associated with Percent Error of the 2 

Ankle-worn NL during the entire protocol. 3 

Predictor variables β t F-value R² Adj R² 

Walking speed 

Excluded variables 

-.65 -6.82* 46.52 .43 .42 

Step length 

Walking aid 

6MWD 

-.23 

.12 

-.21 

-1.83 

1.03 

-1.56 

   

Note. Abbreviation: 6MWD = six-minute walk distance.  4 

* p < .05 5 

 6 
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