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SUMMARY:  26 

This paper discusses the use of a continuous and objective real-time locating system to 27 

measure walking activity associated with wandering behaviors, focusing on older adults with 28 

cognitive impairment. Walking activity is measured by walking distance, sustained walking 29 

distance, and sustained gait speed. Also assessed are gait quality and balance ability.  30 

 31 

ABSTRACT: 32 

A real-time locating system (RTLS) can be used to track the walking activity of institutionalized 33 

older adults in long-term care who are at risk for wandering behaviors. The benefits of a RTLS 34 

are objective and continuous measurements of activity. Self-report methods of activity, 35 

especially wandering, by health care staff are vulnerable to floor effects and recall bias, and 36 

continuous clinical or research observation over the long-term can be time-consuming and 37 

expensive. Health care staff also fail to recognize the onset and/or duration of wandering 38 

behaviors, which are associated with a variety of adverse health outcomes in this population 39 

but amenable to intervention. RTLS technologies can measure the walking activity of 40 

institutionalized residents with cognitive impairment over time with a high degree of accuracy. 41 

This is particularly useful for the study of wandering, defined as walking for at least 60 s with 42 

few (if any) breaks in activity. Wandering is associated with disease progression, 43 

hospitalizations, falls, and death. Previous work suggests older adults with poor balance ability 44 
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and high sustained walking activity may be particularly susceptible to poor health outcomes. 45 

RTLS's are used to assess cognitive impairment and factors associated with gait and balance; 46 

however, supplemental paper and pencil gait/balance tools may be used to further refine risk 47 

profiles. This project discusses the use of a RTLS to measure walking activity and also gait 48 

quality and balance ability measures on this population.  49 

 50 

INTRODUCTION:  51 

An older adult's ability to perform daily activities of daily living and be physically active is 52 

associated with gait quality and balance ability1. Previous work shows correlations between 53 

balance ability and self-reported physical activity among sedentary older adults2. These 54 

correlations remain across older adult populations. For example, among older adults in the 55 

community, self-reported activity levels are significantly correlated with balance3 and walking 56 

capacity4; the physical activity of ambulatory long-term care residents is positively correlated 57 

with both gait and balance (using the Tinetti Performance Oriented Mobility Assessment)5. 58 

Institutionalization is associated with decreased walking activity in later life6 and results in a 59 

high prevalence of sedentary behavior in this population7. In fact, a reported 80% or more of 60 

the waking hours of an institutionalized resident is spent sitting or lying down5 and few long-61 

term care residents achieve the recommended 30 minutes of daily moderate activity7. 62 

Inadequate physical activity is associated with de-conditioning, hospitalization and other poor 63 

health outcomes in this population. Understanding the walking activity of this population may 64 

aid in tailored gait and/or balance interventions to increase physical activity.  65 

 66 

Some institutionalized older adults with cognitive impairment (CI) begin walking excessively as 67 

a result of disease progression. Wandering occurs when there are little/no breaks in activity 68 

over the course of several hours/days. Wandering is associated with fatigue, weight loss, 69 

injurious falls, sleep disturbances, getting lost, and death8. Compared to nursing home 70 

residents with no or mild/moderate CI, residents with severe CI demonstrate 20% more activity 71 

characterized as wandering, 26% of which are “lapping” behaviors, a type of wandering where a 72 

resident circles the room9. Despite this, it is difficult for health care staff and other observers to 73 

distinguish between physical activity and wandering. Intra-individual changes in walking activity 74 

can be subtle and wandering is not a behavioral problem to be curbed until the older adult 75 

attempts to elope (e.g., escape the facility). Wandering is common; the prevalence of 76 

wandering varies from study to study but an estimated 38%10 to 80% of older adults with CI will 77 

wander at some point over the course of the disease11.  78 

 79 

It is difficult to understand the walking activity of institutionalized older adults as the 80 

population is heterogeneous (e.g., varying cognitive levels, health conditions) and activity is 81 

difficult to objectively measure. Self-report methods of activity by health care staff better 82 

reflect elopement or attempted escapes from the facility, and continuous observation over the 83 

long-term is vulnerable to inter-rater errors, time-consuming and expensive12,13. Real-time 84 

locating system (RTLS) technologies have the potential to objectively and continuously measure 85 

walking activity among older adults with CI. Notably, there is heterogeneity in the RTLS field 86 

and multiple systems may theoretically be used: ultra-wideband (UWB; see Table of Materials), 87 

infrared + radio frequency, ultrasound and machine vision systems. However, to assess 88 



 
 

wandering behaviors, a tracking technology that is small and unobtrusive, wireless, capable of 89 

wide-area tracking, with no line of sight issues and accuracy to within 20 cm is needed and 90 

there are few (if any) systems other than a RTLS using UWB that fulfills these requirements. For 91 

example, infrared and radio frequency technologies rely on creating “zones” that detail when a 92 

resident passes through, but is not specific enough to determine wandering behaviors except 93 

within 1-2 m, which is far too gross for these purposes. Ultrasound and machine vision have 94 

issues with identification and reflections; machine vision systems have good resolution but 95 

cannot differentiate residents without resorting to using an RFID tag to compensate for the 96 

inadequate capabilities of current artificial intelligence. A RTLS utilizing UWB has a wider range 97 

and spatial resolution of about 20 cm -- versus 1 m or more for other systems -- making it the 98 

most precise and capable of capturing all activity patterns14,15. The RTLS using UWB discussed 99 

here is also stable, having been designed for industrial applications 24 h/day, 7 days/week. 100 

Researchers and clinicians have previously used this system where precision is essential – to 101 

prevent and predict falls, to assess dementia and changes in cognition – in a wide variety of 102 

settings -- assisted living, hospital, nursing homes, and rehabilitation units13,16,17.  103 

 104 

This article will detail the protocol of a RTLS using UWB to measure walking activity [walking 105 

distance, sustained walking distance, and sustained gait speed (average meters per 106 

second/week calculated during sustained walking only)] and paper and pencil tests of CI, gait 107 

ability and balance quality, as the latter of which are key components of walking activity. Study 108 

findings will focus on using RTLS to distinguish between walking distance, which is associated 109 

with physical activity and thus positive health outcomes, and sustained walking distance which 110 

is associated with wandering and thus negative health outcomes.  111 

 112 

PROTOCOL:  113 

 114 

All methods described here have been approved by the Institutional Review Board at the 115 

Corporal Michael J. Crescenz VA Medical Center in Philadelphia, PA.  116 

 117 

1. Installation and Set-Up of a Real-Time Locating System (RTLS) 118 

 119 

1.1. Review facility policies, safety, and personal information protections for residents with 120 

facility stakeholders. Determine whether written or verbal support on the use of RTLS in the 121 

facility is required. In discussions with stakeholders, include local protocols and procedures 122 

(e.g., local facility technology waivers, union sign-off, etc.) and a project timeline12.  123 

 124 

NOTE: Update protocols, procedures, and timeline as they change over the course of the 125 

project, meeting with stakeholders and acquiring sign-off from interested parties. 126 

 127 

1.2. Obtain institutional review board approval including a HIPAA waiver to review medical 128 

charts prior to obtaining consent from eligible residents.  129 

 130 

1.3. Equip the desired area of study with a RTLS (Figure 1). Mount sensors in the upper corners 131 

of all common rooms and hallways to triangulate resident location and movement in real-time.  132 



 
 

 133 

1.3.1. Point sensors toward the middle of the area to utilize their antenna pattern, which is ±90 134 

degrees in the azimuth (horizontal) and ±45 degrees in the elevation (vertical). Tilt the face of 135 

the sensor downwards so that if a laser beam came out of the face of the sensor if would hit 136 

the opposite corner of the space about 5-6 ft off the ground. Ensure the sensor is level by 137 

placing a level on the two plastic pegs on the top back of the sensor.  138 

 139 

NOTE: For a typical communal area in a long-term care facility (about 10 m x 13 m or 1,000 140 

square feet), four sensors are needed. These sensors will cover a larger area but this is 141 

dependent on the surrounding environment (e.g., walls and glass partitions) in the area which 142 

may have an impact on transmissions. 143 

 144 

1.3.2. Ensure that each sensor has a network cable running from the lower left port on the back 145 

of the sensor to the switch that the server is connected to; this cable is a Cat5e cable. With one 146 

sensor as the master, run the timing cable from the master to each other sensor, thus a star 147 

topology.  148 

 149 

1.3.2.1. To do so, plug a shielded Cat5e cable into any of the 6 available ports on the master 150 

and run it to each other sensor where it will be plugged into the upper right port of the 6 ports. 151 

Run cables above ceiling tiles.  152 

 153 

NOTE: The number of sensors in the area determine the number of ports required for the 154 

power over Ethernet (POE) switch. Each sensor will require two ports. Multiple POE switches 155 

can be connected if needed.  156 

  157 

1.3.3. Measure where the sensors are located in the area and choose an origin point on the 158 

sensor (e.g., the lower left corner so that moving north is the positive y axis and moving east is 159 

the positive x axis). Measure the x, y, and z of each sensor (with a laser distance measurer) in 160 

relation to this origin. Record the MAC address off the back of the sensor and keep to enter into 161 

the graphical user interface (GUI; a specialized software developed to manage the RTLS).  162 

 163 

1.4. In the GUI, open Platform Control and click on Core Server to highlight it and then click 164 

Start. Repeat this for the Service Controller. Click Apply and then OK. 165 

 166 

1.4.1. Open the Service Installer and press Next. Browse to C:\Ubisense Software and go into 167 

the Location Engine folder and highlight the “packages” folder. Click OK and Next. Install all the 168 

services listed.  169 

 170 

1.4.2. Repeat this process again but go into the Platform folder and highlight the “packages” 171 

folder. Install all the services listed. Click on Service Manager and ensure all services appear as 172 

“running.” 173 

 174 

1.5. Open the Site Manager and go to the Areas tab. Create a floor plan by opening the 175 

notepad and specify the start and stop point of each wall by giving the x, y coordinates of the 176 



 
 

starting point followed by the ending point. Save the file as a .dat file. After the last set of 177 

points (0,0) press Enter. 178 

 179 

1.5.1. In the Areas tab go to Walls>Load Walls and load the .dat file. Go to Regions>Set Origin 180 

and choose the lower left corner. Click the draw wall mode button and add a dummy wall 181 

anywhere inside the square. This tells the system where to compute the regions (inside vs. 182 

outside the region). 183 

 184 

1.5.2. Click Regions>Compute Regions; this highlights the square blue. Delete the wall by 185 

selecting the Wall Mode button and pressing delete. Go to Area>Save Area and save the area. 186 

Go to the Cells tab and load the area by choosing it from the drop-down Area box.  187 

 188 

1.5.3. Click the Add Extent button in the lower left corner. To use the defaults, click Save. Right 189 

click on Site in the left column and choose New Geometry Cell. Click the Add Extent button and 190 

again use the defaults. Right click on the Geometry Cell and choose New Location Cell. Click the 191 

Add Extent button and use the defaults.  192 

 193 

1.6. Open the Location Engine Configuration and load the area by going to MAP>Load Area. 194 

Add a Location Engine cell which will be used to set up a cell of sensors by going to Cell>New. 195 

There are no available sensors in left column; go to File>Import Sensors and locate the .xsc file 196 

that located at: C:\Ubisense Software.  197 

 198 

1.6.1. Viewing all of the sensors, click on a sensor and drag it anywhere onto the map. It will 199 

also be under Location Cell 0001; right click on it and go to Properties. Enter the x, y, and z for 200 

that particular sensor and its MAC address. Do not enter in anything for yaw, pitch, or roll. 201 

Repeat this process for all other sensors and ensure the system places them correctly on the 202 

map.  203 

 204 

1.6.2. Click the Sensor Status tab; sensors are running – if not, unplug and plug back in to the 205 

power source. Use the log tab to monitor the boot up process. Each sensor will download 206 

packets in groups of 100 and will eventually report sensor running. Refer back to the Sensor 207 

Status tab to make sure the sensors have booted and are running. 208 

 209 

1.6.3. Click on the Incident Power Plot tab to examine the background noise level on each 210 

sensor. Let the graphs run. After a break, press the Set Thresholds button. This will set the 211 

Activity threshold on each sensor which will filter out background noise. Background noise is 212 

recommended below 1000.  213 

 214 

1.6.4. Right click on Location Engine Cell 00001>Properties. On the Radio tab, set the RF Power 215 

to 255, which is the max radio level. On the Geometry tab, set the Ceiling to 5, the Floor to 0 216 

and the Max Standard Error to 0.05. The ceiling is the max height of the space, the floor is min, 217 

and the max standard error is for filtering poor readings. 218 

 219 



 
 

1.7. Pick up a compact or hang tag and go to the Tags tab in Location Engine Config and click 220 

Tag>New. Enter tag number and set the upper Qos to 32, the same value as the lower Qos. 221 

These rates are the beaconing rates of the tag. Choose default information filter as the filter.  222 

 223 

1.7.1. Click on the Sensors and Cells tab. Right click on Location Engine Cell 0001 and click 224 

Monitor. This sets the tags in the cell to transmit and never fall asleep. Press and hold the 225 

bottom middle of the compact tag and the middle of the hang tag for 3 s to turn on the tag. It is 226 

on when the light in the upper right-hand corner is steady and begins to blink.  227 

 228 

1.7.2. Put the tag in the middle of the area where all sensors have it in the line of sight. 229 

Measure the x, y, and z of that spot in relation to the same origin on the sensor used before. 230 

Right click on any of three other sensors and choose Dual Calibration. Use the master as the 231 

reference, type in the tag number, type in the location measured and choose Next. After the 232 

calibration finishes save the values for all sensors.  233 

 234 

1.7.3. Run this above step again to ensure the values are ±2. Repeat this process for all the 235 

other sensors but do not save the master sensor values. If using a hang tag, rotate it so that the 236 

face of the tag is pointing between the master and another sensor being calibrated and make 237 

sure the tag is in a vertical position. The compact tag needs to be in one spot lying flat. 238 

 239 

1.7.4. Ensure the sensors are pointing correctly toward the center of the area and view the 240 

green angle of arrival lines converging on the tag. Click the TDOA box near the bottom of the 241 

window and view the time delay of arrival curves converging on the tag. Note that these lines 242 

and curves will not be perfect. Repeat the calibration if necessary. Then, following instructions 243 

from step 5.1, click the monitor flag off. 244 

 245 

1.7.5. Open the Map and load the Area under Area>Load Area and view the tag on the map.  246 

 247 

2. Use the RTLS Tags to Locate and Track Residents in Real-Time 248 

 249 

2.1. Review medical charts to identify ambulatory (with/out an assistance device) residents or 250 

residents who can propel with their feet age 55 or over with CI/dementia. Obtain consent. Or, if 251 

the resident is unable to consent on their own, use contact information provided in the medical 252 

chart to contact their legally authorized representative (LAR) or next of kin (NOK). 253 

 254 

2.2. Outfit consenting residents with wrist or hang-tag (see Figure 1). Hold the middle of the tag 255 

to turn on the tags; the upper right corner light will be steady and then blink after 3 seconds. 256 

Ensure the hang-tag it is not on backward or the signal will be attenuated. Attach the wrist tag 257 

to an area of the body with a small cross-sectional area and more limited absorption of radio 258 

frequency energy and provides better tracking accuracy.  259 

 260 

2.3. Develop a protocol for health care staff to remove a resident tag during bathing and 261 

showering and train health care staff on these steps. Communicate a pre-determined location 262 



 
 

to health care staff where they may leave tags they find in the unit (e.g., behind the nurse’s 263 

station) in the event research staff are not there to retrieve them.  264 

 265 

2.4. Prior to putting the tag on the resident, assign each resident a random and unique "patient 266 

ID" number and input into the GUI in the Tag Association tab GUI (see Figure 2). Using the 267 

number provided on the tag, input the Tag ID number associating it with the “patient ID.” The 268 

tag will be wirelessly tracked once assigned in the GUI. Keep position at "origin" but in "allow 269 

tag swaps", select "true," and then click Save.  270 

 271 

NOTE: If data are compromised, the privacy and security of the residents is maintained as only a 272 

random identification number and x, y coordinates are available; these coordinates do not 273 

correspond to any home/institution, city/town, etc.  274 

 275 

2.5. Create a separate document saved on a secured server behind a firewall and a password-276 

protected computer linking the residents' personal information with their patient ID and tag ID. 277 

 278 

2.6. In the Location Engine Configuration click the Sensor and Cells tab. Unflag the "pause" 279 

button and view the system recording events (see Figure 3). Examine the events for 280 

tag/resident location and movement. Click the Log tab to ensure there are no error messages.  281 

 282 

2.7. Click the Sensor Status tab and view that all sensors are "running" (see Figure 4). If not, 283 

right click on the sensor and reboot. If timing or other statuses are noted after the reboot, 284 

check physical cables running to the problematic sensor.  285 

 286 

2.7.1. Ensure all cables are plugged in to the POE switch and that timing and power cables are 287 

working on the specific sensor. For example, if the power cable is not working, there will be no 288 

light on the sensor and a new power cable is needed. If there is power, a new timing cable is 289 

needed.  290 

 291 

2.8. In C: Ubisense Software system files, set up a folder on the server to access the raw daily 292 

CSV data files. 293 

 294 

2.9. Set up an automatic data backup system (external hard drive) and secure so it cannot be 295 

unplugged or moved from the server.  296 

 297 

2.10. In a data management program, smooth RTLS raw data using a 5 s moving average time 298 

window (based on time provided in x and y raw data coordinates) and a threshold of 0.7 m of 299 

movement (based on location provided in x and y raw data coordinates).  300 

 301 

NOTE: This creates a stable series of coordinates, resembling the observed resident walking 302 

activity. To manage the jumps in data, when computing a day’s motion, only accrue distance 303 

and time (and path data) when time between points is less than 30 s. 304 

 305 

3. Measuring Walking Activity and Wandering 306 



 
 

 307 

3.1. Download daily csv files into a data management/analysis program.  308 

 309 

NOTE: Based on project aim, RTLS data can be reduced to hourly, daily, weekly, bi-weekly, and 310 

so forth. For the purposes of this project, data are averaged weekly (summed daily and divided 311 

by 7) to examine intra-individual changes in ambulation by week. Note that the number of daily 312 

samples available for each resident will vary based on their level of activity. Residents who are 313 

largely sedentary will have several hundred data points/day or less; residents who are more 314 

active will have more like several thousand data points/day.  315 

 316 

3.2. Calculate average walking distance, sustained walking distance, and sustained gait speed, 317 

and calculate the extent of changes in these measures over time using the raw location data 318 

provided (weekly averages of x, y coordinates).  319 

 320 

NOTE: Walking distance = average total number of meters walked per week (e.g., to calculate 321 

between each point: √(x2-x1)2 + (y2-y1)2), sustained walking distance = average number of 322 

continuous meters walked per week calculated only when the resident travels for at least 60 323 

seconds with a stop not exceeding 30 seconds, gait speed = the average meters per 324 

second/week calculated during sustained walking only (to calculate between each point: √(x2-325 

x1)2+ (y2-y1)2 and then t2-t1 to determine the time it takes to go this distance). 326 

 327 

3.3. Visually check all sensor light indicators on the RTLS sensors and tags once a day. Check all 328 

supplementary equipment provided (e.g., POE switches and timing boxes) for lights.  329 

 330 

3.3.1. In the GUI, under "map" check to ensure all tagged residents are visible and being tracked 331 

each day (see Figure 5). If there is a resident missing on the map, click Report to determine the 332 

last time the resident was seen by the system. Click hourly, daily, or weekly reports, which can 333 

also be filtered by Patient ID (see Figure 6).  334 

 335 

NOTE: This can also be accomplished by reviewing daily CSV files for Patient ID numbers.  336 

 337 

3.3.2. When a tag is not working, replace the tag and/or check battery. Battery life may also be 338 

monitored in the "battery status" tab.  339 

 340 

3.3.3. Some residents with CI may take off their tag (thrown away by mistake) when they forget 341 

about their participation in the project. If so, remind the resident of the project, ask if they wish 342 

to continue, and where applicable, replace the wrist tag. In meetings with health care staff 343 

remind the stakeholders to talk with residents and remind them of their participation in the 344 

project.  345 

 346 

3.4. Every 3 months, replace the wrist/hang tag battery by using an eyeglass repair kit to 347 

unscrew the four screws holding the tag together. 348 

 349 



 
 

3.5. Daily check that no wrist/hang tags have been submerged in water (resident takes a bath 350 

instead of shower); if water damage if visible, replace the tag.  351 

 352 

4. Measuring Cognitive Impairment, Gait and Balance 353 

 354 

4.1. Register, download and assess the cognitive status of residents consenting to participate in 355 

the study at baseline and every 6 months over the course of the study using the Montreal 356 

Cognitive Assessment (MoCA)18.  357 

 358 

4.1.1. Input resident MoCA scores in a dataset that can be merged with the RTLS data through a 359 

data management program.  360 

 361 

4.2. Recode raw MocA scores such that a MoCA score of ≥24 indicates no CI, a score ranging 362 

between 10-23 indicates mild/moderate CI, and a score ranging between 0-9 indicates severe 363 

CI19.  364 

 365 

4.3. Using the Tinetti Performance Oriented Mobility Assessment (POMA) and associated 366 

description20, assess the gait and balance of residents consenting to participate in the study 367 

each week over the course of the study period20.  368 

 369 

NOTE: There are two subscales in the POMA with gait quality ranging from 0-12 and balance 370 

ability ranging from 0-16. Higher scores suggest fewer gait and balance impairments. These 371 

subscales gauge a variety of associated abilities and include tasks such as getting up from a 372 

chair, sitting and standing balance, balance while turning, step length, step height, deviation 373 

from a path and stance. Frail or institutionalized older adults, consistent with the population 374 

utilized in this project, have a mean score of 11-12 (SD=3.3-5.7) on the balance ability subscale 375 

and a mean score of 8.1-8.6 (SD=3.2-4.6) on the gait quality subscale1,21.  376 

 377 

4.3.1. Input gait and balance subscale and total scores in the database with other variables 378 

along with demographic characteristics of interest (age, race/ethnicity, gender).  379 

 380 

4.4. Analyze the relationship between CI, gait, balance and ambulation activity in a data 381 

management/analysis program. Click Crosstabs and input variables to examine bivariate 382 

relationships. Click Chi Square to examine the strength of the association between these 383 

variables of interest.  384 

 385 

REPRESENTATIVE RESULTS:  386 

RTLS raw data require smoothing to improve the location data’s precision (see step 2.9). 387 

Though controlled with default settings in the power plot tab during installation and set-up (see 388 

step 1.6.3), without additional smoothing there will continue to be noise and jumps. With 389 

regard to noise, even when sedentary for several hours, the active RTLS tag continues to log 390 

motion—especially if the resident moves their limb where the tag is located—producing 391 

continuous movement that artificially inflates walking activity measures. The location of the 392 

resident will also jump, sometimes putting a path through a wall (see Figure 6) if the tag sleeps 393 



 
 

(becomes inactive) due to a long period of inactivity and then wakes due to resident 394 

movement. Use a graphics interchange format (GIF) to visualize pre and post-smoothed data 395 

with several residents for a few hours.  396 

 397 

Sustained walking is a measure of wandering among older adults with CI that is linked to 398 

injurious falls, accidents, weight loss, sleep disturbances, getting lost, and death8. To distinguish 399 

between walking distance and sustained walking distance, open CSV or data files in a statistical 400 

program. Use graphing tools to enter the weekly averages for sustained walking distance and 401 

walking distance. Given that walking distance is a measure of all walking activity and sustained 402 

walking distance is measured only when the resident walks for at least 60 s, ensure walking 403 

distance means are higher than sustained walking means for all residents (see Figure 8). Also 404 

compare the "movement report," which provides data on each resident by day, week, year, and 405 

so forth, in the GUI with these data. Note that additional measures of walking activity may be 406 

developed. For example, it may be of interest to calculate time spent in sedentary activity, track 407 

the resident to a specific location of interest or time spent in a known activity.  408 

 409 

RTLS has 95% concordance in accuracy with walking distance and sustained walking distance 410 

based on observational studies. The RTLS may be also be used to differentiate between 411 

residents with/out CI22; deviation from the path of straight line (tortuosity) is correlated with 412 

stride-time variability measured by a Gait-Rite mat (p = 0.30) the Mini-Mental State Exam (p = -413 

0.47). In addition, previous work has used a RTLS to examine gait and balance; walking activity 414 

measures are correlated with the Tinetti gait (p = 0.32-0.35) and balance (p = 0.37-0.40) 415 

subscales23. Thus, paper and pencil tools to measure CI, gait quality and balance ability provide 416 

supplemental information on residents for research/clinical purposes, but the RTLS may also be 417 

used to examine these factors.  418 

 419 

FIGURE AND TABLE LEGENDS:  420 

 421 

Figure 1. Real-time locating system sensor (RTLS; mounted in the corners of ceilings) and two 422 

tags to track resident location and movement in real-time. A compact tag can be worn on the 423 

wrist or a hang tag can hang from the neck or belt loop. These tags work by emitting an ultra-424 

wide band radio (UWB) signal which is triangulated by the other sensors in the environment.  425 

 426 

Figure 2. Tag association in the graphical user interface (GUI). This is where the "patient ID," 427 

which is a random unique identifier of the resident, and the associated tag numbers are 428 

entered for location tracking.  429 

 430 

Figure 3. The Location Engine Configuration program map with cells. This is used ensure the 431 

system is recording events (e.g., tag/resident location and movement) which can be seen when 432 

active on the map.  433 

 434 

Figure 4. The Location Engine Configuration program, sensor status tab. The sensor status tab 435 

is used to view the status of the sensors, which indicates "running." Address sensors messages 436 

such as "unknown," "no timing," or other messages as this suggests an issue with tracking in the 437 



 
 

system, particularly if these are the "master" or "timing" sensors. Right click on the sensor and 438 

reboot to get an updated sensor status; change the timing cable or the power cable if rebooting 439 

produces the same issue.  440 

 441 

Figure 5. The map in the graphical user interface (GUI). The map is used to view residents 442 

being tracked in real time. If a resident is not seen on the map they may be out of the tracking 443 

area, missing their tag, have a dead battery.  444 

 445 

Figure 6. Movement by week report in the graphical user interface (GUI). If a resident is 446 

missing from the tracking area and they are wearing an active tag, open up the “report” 447 

function and determine the last time the resident was seen by the system by clicking on daily, 448 

weekly, etc., reports. 449 

  450 

Figure 7. A GIF of resident activity. Shown here is the travel of one resident travel over the 451 

course of 24-hour period. Check there are no jumps through walls and that all stationary 452 

activity is recorded without jumps.  453 

 454 

Figure 8. A point graph of walking activity. This graph shows the relationship between walking 455 

distance and sustained walking distance for all residents in the sample; walking distance is 456 

higher than sustained walking distance. 457 

 458 

DISCUSSION:  459 

There are several critical steps to be followed prior to beginning the RTLS project that are worth 460 

discussion. While a typical common area in a long-term care facility (about 10 m x 13 m or 461 

1,000 square feet) requires four sensors, this varies based on the environment and the number 462 

of sensors required for the project are based on the level of precision required and the 463 

environment. Protrusions and glass walls, for example, will require additional sensors. If there 464 

are no line of sight issues, four sensors will cover an even larger area. Also consider that there 465 

are likely some areas of a facility where total coverage is not needed. The update rate of the 466 

tags is also important as higher update rates produce additional location and movement data 467 

but decrease battery life. The factory update rates may be changed in the tags tab of Location 468 

Engine Configuration. Also, given that software updates can occur or there are hardware issues, 469 

purchase a maintenance and support contract for one year and purchase additional sensor(s) 470 

and wrist tags (in case submerged in water, thrown away, etc.). Remote access to the server 471 

may be required to troubleshoot some issues with the GUI: 1) internet connections in the 472 

facility are required and 2) the IRB or other stakeholders must have provided permission for 473 

this access (e.g., remote monitoring and the protection of human subject data).  474 

 475 

Finally, develop relationships with stakeholders (leadership in the facility and hands-on health 476 

care staff). Conduct regular (e.g., monthly or bi-monthly) meetings with stakeholders to address 477 

their concerns about the technology to increase compliance and acceptance and to provide 478 

project updates12. Discuss potential glitches and delays to curb stakeholder expectations of the 479 

project timeline and outcomes. Ensure health care staff understand how these tags differ from 480 

other technologies in look and feel (e.g., Wanderguard). Have a continuous discussion of how 481 



 
 

this technology will benefit the unit and the facility more generally. This latter discussion is 482 

critical for continued stakeholder compliance and acceptance. In the protocol, develop a plan to 483 

train new health care staff on the unit.  484 

 485 

There are several limitations to the RTLS discussed here. This system is expensive and there are 486 

other lower-cost RTLS choices. However, to examine wandering behaviors, the tracking 487 

technology requires a small, wireless active wearable tag, and a system capable of wide-area 488 

tracking, with no line of sight issues and good accuracy. There are few (if any) other systems 489 

with these capabilities. For example, infrared and radio frequency technology relies on creating 490 

“zones” which detail when a person passes through and is not specific enough to determine 491 

wandering behaviors. That is, though it is known when a resident crossed from one zone to 492 

another (for example, room to room), it would not be known what happened in that room – 493 

how many miles walked, time spent walking, etc. Ultrasound and machine vision have issues 494 

with identification that to overcome would need to combine with RFID (which is similar to the 495 

approach used here) and machine vision systems have low resolution. With UWB there is a 496 

wider range and spatial resolution, on the order of 6 inches, versus 36 or more for other 497 

systems making it the most precise. It also operates on smaller “zones” and all activity patterns 498 

are captured, making it ideal for the measurement of wandering behaviors. The system is also 499 

stable and can be used 24 h/day, 7 days/week. For these reasons, the system described here is 500 

used throughout the health care environment – not just for asset tracking, but also to examine 501 

workflow, detect falls,24 link cognitive impairment with gait and balance defecits15,22, predict fall 502 

risk13,25, and examine how multi-drug resistant organisms (MDRO’s) may spread26. As more 503 

health care facilities adopt RTLS and this tracking becomes more cost effective, additional 504 

applications are expected to emerge and RTLS may also be integrated with other smart 505 

technologies. Second, residents with CI can get confused and take off their tag frequently and 506 

tag batteries need to be changed every 3 months and with water submersion. This requires 507 

daily checks of the tags and review of movement using the GUI. 508 

 509 

Despite these limitations, a RTLS using UWB is superior to observations of behavior as it is 510 

automatic, continuous and objective. This RTLS technology has high concordance with walking 511 

distance and sustained walking distance and may be used to examine gait quality and balance 512 

ability. In addition, it may be used in lieu of cognitive testing to determine CI/progression over 513 

time. Self-reports of walking activity from formal and informal health care staff are vulnerable 514 

to floor effects and recall bias and continuous observation of walking activity over the long-515 

term is time-consuming12,13. Research suggests continuous observation of walking activity is 516 

important as subtle intra-individual changes are associated with poor health outcomes13.  517 

 518 

ACKNOWLEDGMENTS:  519 

This work was supported by a Career Development Award # [E7503W] and a Merit Award # 520 

[RX002413-01A2] from the United States (U.S.) Department of Veterans Affairs Rehabilitation 521 

Research and Development Service. The contents of this work do not represent the views of the 522 

U.S. Department of Veterans Affairs or the United States Government. 523 

 524 

DISCLOSURES:  525 



 
 

The authors have nothing to disclose. 526 

 527 

REFERENCES: 528 

1 Bowen, M. E., Crenshaw, J. & Stanhope, S. J. Balance ability and cognitive impairment 529 

influence sustained walking in an assisted living facility. Archives of Gerontology and Geriatrics. 530 

77 133-141, 10.1016/j.archger.2018.05.004 (2018). 531 

2 Washburn, R. A., McAuley, E., Katula, J., Mihalko, S. L. & Boileau, R. A. The physical 532 

activity scale for the elderly (PASE): evidence for validity. Journal of Clinical Epidemiology. 52 533 

(7), 643-651 (1999). 534 

3 McAuley, E., Mihalko, S. L. & Rosengren, K. Self-Efficacy and Balance Correlates of Fear 535 

of Falling in the Elderly. Journal of Aging and Physical Activity. 5 (4), 329-340 (1997). 536 

4 Boulgarides, L. K., Mcginty, S. M., Willett, J. A. & Barnes, C. W. Research Report Use of 537 

Clinical and Impairment-Based Tests to Predict Falls by Community-Dwelling Older Adults. 538 

Physical Therapy. 83 328-339 (2003). 539 

5 MacRae, P. G., Schnelle, J. F., Simmons, S. F. & Ouslander, J. G. Physical Activity Levels of 540 

Ambulatory Nursing Home Residents. Journal of Aging and Physical Activity. 4 (3), 264-278 541 

(1996). 542 

6 Ruuskanen JM, P. T. Mobility and Related Factors Among Nursing Home Residents. 543 

Journal of the American Geriatrics Society. 42 987-991, 10.1111/j.1532-5415.1994.tb06593.x 544 

(1994). 545 

7 Resnick B, G. E., Gruber-Baldini AL, Zimmerman S. Perceptions and Performance of 546 

Function and Mobility in Assisted Living Communities. Journal of the American Medical 547 

Directors Association. 11 406-414, 10.1016/j.jamda.2010.02.003 (2010). 548 

8 Beattie, E. R., Song, J. & LaGore, S. A comparison of wandering behavior in nursing 549 

homes and assisted living facilities. Research and Theory for Nursing Practice. 19 (2), 181-196 550 

(2005). 551 

9 Martino-Saltzman, D., Blasch, B. B., Morris, R. D. & McNeal, L. W. Travel behavior of 552 

nursing home residents perceived as wanderers and nonwanderers. Gerontologist. 31 (5), 666-553 

672 (1991). 554 

10 Cohen-Mansfield, J. & Wirtz, P. W. Characteristics of adult day care participants who 555 

enter a nursing home. Psychol Aging. 22 (2), 354-360, 10.1037/0882-7974.22.2.354 (2007). 556 

11 Hope, T. et al. Wandering in dementia: a longitudinal study. International 557 

Psychogeriatrics. 13 (2), 137-147 (2001). 558 

12 Bowen, M. E., Wingrave, C. A., Klanchar, A. & Craighead, J. Tracking technology: lessons 559 

learned in two health care sites. Technol Health Care. 21 (3), 191-197, 10.3233/THC-130738 560 

(2013). 561 

13 Bowen, M. E. & Rowe, M. Intraindividual Changes in Ambulation Associated With Falls in 562 

a Population of Vulnerable Older Adults in Long-Term Care. Archives of Physical Medicine and 563 

Rehabilitation. 97 (11), 1963-1968, 10.1016/j.apmr.2016.05.013 (2016). 564 

14 Kearns, W. D., Algase, D. & Moore, D. H. Ultra Wideband Radio: A Novel Method for 565 

Measuring Wandering in Persons with Dementia. International Journal of Gerontechnology. 7 566 

(1), 48-57 (2008). 567 

15 Alarifi, A. et al. Ultra Wideband Indoor Positioning Technologies: Analysis and Recent 568 

Advances. Sensors (Basel). 16 (5), 10.3390/s16050707 (2016). 569 

https://doi.org/10.1111/j.1532-5415.1994.tb06593.x
https://doi.org/10.1016/j.jamda.2010.02.003


 
 

16 Kearns, W. et al. Temporo-spacial prompting for persons with cognitive impairment 570 

using smart wrist-worn interface. Journal of Rehabilitation Research & Development. 50 (10), 571 

vii-xiv, 10.1682/JRRD.2013.12.0261 (2013). 572 

17 Jeong, I. C. et al. Using a Real-Time Location System for Assessment of Patient 573 

Ambulation in a Hospital Setting. Archives of Physical Medicine and Rehabilitation. 98 (7), 1366-574 

1373 e1361, 10.1016/j.apmr.2017.02.006 (2017). 575 

18 Nasreddine, Z. S. et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool 576 

for mild cognitive impairment. Journal of the American Geriatrics Society. 53 (4), 695-699, 577 

10.1111/j.1532-5415.2005.53221.x (2005). 578 

19 Saczynski, J. S. et al. The Montreal Cognitive Assessment: Creating a Crosswalk with the 579 

Mini-Mental State Examination. Journal of the American Geriatrics Society. 63 (11), 2370-2374, 580 

10.1111/jgs.13710 (2015). 581 

20 Tinetti, M. E., Williams, T. F. & Mayewski, R. Fall risk index for elderly patients based on 582 

number of chronic disabilities. American Journal of Medicine. 80 (3), 429-434 (1986). 583 

21 Contreras, A. & Grandas, F. Risk of falls in Parkinson's disease: a cross-sectional study of 584 

160 patients. Parkinson’s Disease. 2012 362572, 10.1155/2012/362572 (2012). 585 

22 Kearns, W. D., Nams, V. O. & Fozard, J. L. Tortuosity in movement paths is related to 586 

cognitive impairment. Wireless fractal estimation in assisted living facility residents. Methods of 587 

Information in Medicine. 49 (6), 592-598, 10.3414/ME09-01-0079 (2010). 588 

23 Tinetti, M. E. et al. A multifactorial intervention to reduce the risk of falling among 589 

elderly people living in the community. The New England Journal of Medicine. 331 (13), 821-590 

827, 10.1056/NEJM199409293311301 (1994). 591 

24 Bowen, M. E., Craighead, J., Wingrave, C. A. & Kearns, W. D. Real-Time Locating Systems 592 

(RTLS) to Improve Fall Detection. International Journal of Gerontechnology. 9 (4), 464-471 593 

(2010). 594 

25 Kearns, W. D. et al. Path tortuosity in everyday movements of elderly persons increases 595 

fall prediction beyond knowledge of fall history, medication use, and standardized gait and 596 

balance assessments. Journal of the American Medical Directors Association. 13 (7), 665 e667-597 

665 e613, 10.1016/j.jamda.2012.06.010 (2012). 598 

26 Bowen, M. E., Craighead, J. D., Klanchar, S. A. & Nieves-Garcia, V. Multidrug-resistant 599 

organisms in a community living facility: tracking patient interactions and time spent in 600 

common areas. American Journal of Infection Control. 40 (7), 677-679, 601 

10.1016/j.ajic.2011.08.015 (2012). 602 

 603 

 604 



Figure 1. Tags and sensors Click here to access/download;Figure;Figure 1. Tags and sensors.tiff

http://www.editorialmanager.com/jove/download.aspx?id=915323&guid=187cf2d1-b64d-4e22-9193-860f360d3dd7&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915323&guid=187cf2d1-b64d-4e22-9193-860f360d3dd7&scheme=1


Figure 2. Tag association screen Click here to access/download;Figure;Figure 2. Tag association
screen.tif

http://www.editorialmanager.com/jove/download.aspx?id=915324&guid=805d76cd-5737-4e5e-8060-b33d164600f2&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915324&guid=805d76cd-5737-4e5e-8060-b33d164600f2&scheme=1


Figure 3. Location engine map with cells Click here to access/download;Figure;Figure 3. Location engine map with cells.tif

http://www.editorialmanager.com/jove/download.aspx?id=915325&guid=5a0a35bb-2dd9-4e3f-8dc2-5ed3a149d5ef&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915325&guid=5a0a35bb-2dd9-4e3f-8dc2-5ed3a149d5ef&scheme=1


Figure 4. Location engine sensor status Click here to access/download;Figure;Figure 4. Location engine sensor status.tif

http://www.editorialmanager.com/jove/download.aspx?id=915326&guid=c82a1bef-f88a-4a6f-8bc8-a35d8aacfafb&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915326&guid=c82a1bef-f88a-4a6f-8bc8-a35d8aacfafb&scheme=1


Figure 5. Map with tracking Click here to access/download;Figure;Figure 5. Map with tracking.tif

http://www.editorialmanager.com/jove/download.aspx?id=915327&guid=e9546b88-ca50-4280-b36f-ea4f01ebf41e&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915327&guid=e9546b88-ca50-4280-b36f-ea4f01ebf41e&scheme=1


Figure 6. Movement report Click here to access/download;Figure;Rev_Figure 6. Movement report.tif

http://www.editorialmanager.com/jove/download.aspx?id=915328&guid=4e432e85-15e7-49d2-9d84-16001103f361&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915328&guid=4e432e85-15e7-49d2-9d84-16001103f361&scheme=1


Figure 7. GIF of movement Click here to access/download;Figure;Rev Figure 7. Gif of movement.tiff

http://www.editorialmanager.com/jove/download.aspx?id=915329&guid=61c091ad-296b-4dfe-8787-4ebe7025764d&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915329&guid=61c091ad-296b-4dfe-8787-4ebe7025764d&scheme=1


Figure 8. Walking distance Click here to access/download;Figure;Figure 8. Walking distance.tif

http://www.editorialmanager.com/jove/download.aspx?id=915330&guid=267aca82-5857-4b65-957f-8435dd67fdf7&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915330&guid=267aca82-5857-4b65-957f-8435dd67fdf7&scheme=1


Name of Material/ Equipment Company Catalog Number Comments/Description

UWB Sensor Ubisense  There are two product lines to choose from; IP30 is the latest

Tags Ubisense There are two types of tags to choose from; if IP30 sensors are chosen, use DFLAT33 mini tags

Timing Distribution Unit Ubisense UBITIMING

Network and Timing Combiner Ubisense UBICOMSPL21

Home Base License Ubisense HOMEBASE

Expert Support Ubisense MANDS2

Project Implmentation Services Ubisense PROJSERV

Smart Factory Ubisense specialized software designed to manage the RTLS

Server Any Laptop with at least 8MB RAM

Network Cabling Any 3rd party or subcontract 

Tinetti Performance Oriented Mobility Assessment Tinetti ME, Williams TF, Mayewski R. Fall risk index for elderly patients based on number of chronic disabilities. The American journal of medicine. Mar 1986;80(3):429-434

The Montreal Cognitive 

Assessment https://www.mocatest.org

Table of Materials Click here to access/download;Table of Materials;JoVE_Materials_v2_10.17.18.xlsx

https://www.mocatest.org/
http://www.editorialmanager.com/jove/download.aspx?id=915334&guid=5692ba9a-224c-429d-8d08-bb3ddd608e76&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915334&guid=5692ba9a-224c-429d-8d08-bb3ddd608e76&scheme=1


There are two types of tags to choose from; if IP30 sensors are chosen, use DFLAT33 mini tags

Tinetti ME, Williams TF, Mayewski R. Fall risk index for elderly patients based on number of chronic disabilities. The American journal of medicine. Mar 1986;80(3):429-434



ARTICLE AND VIDEO LICENSE AGREEMENT 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

Title of Article: 

Author(s): 

Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access  Open Access

Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee.

 The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video.
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

Using a real-time locating system to measure the walking activity of 
institutionalized older adults  

Mary E. Bowen, Jeremy R. Crenshaw, Steven J. Stanhope 

x

x

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_2018.pdf

http://www.editorialmanager.com/jove/download.aspx?id=915331&guid=16722e20-c3a6-418e-ae7d-5a3455936be5&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=915331&guid=16722e20-c3a6-418e-ae7d-5a3455936be5&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051. 

4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.
5. Grant of Rights in Video – Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE. 
6. Grant of Rights in Video – Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.
7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.
9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.
11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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We wanted to thank the editor and anonymous expert reviewers for their thoughtful comments and suggestions 
on this MS which we feel have greatly improved the paper. Below please find our responses to your 
comments/suggestions in bold. 
___ 
 
Editorial comments: 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or 
grammar issues. Ok. 
 
2. Please revise lines 32-33, 60-61, 70-71, 73-74, 107-109, [154-157 this latter line is discussion of the 
algorithm and how to construct it], 207-211, and Figure 1 legend to avoid previously published text. These 
are updated per request. 
 
3. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 
should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, dashes, or 
indentations. These changes have been made. 
 
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), 
registered symbols (®), and company names before an instrument or reagent. Please remove all commercial 
language from your manuscript and use generic terms instead. All commercial products should be sufficiently 
referenced in the Table of Materials and Reagents. You may use the generic term followed by “(see table of 
materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding 
language in your manuscript are: Excel, IBM SPSS, IBM Corp., etc. These changes have been made.  
 
5. JoVE policy states that the video narrative is objective and not biased towards a particular product featured 
in the video. The goal of this policy is to focus on the science rather than to present a technique as an 
advertisement for a specific item. To this end, we ask that you please reduce the number of instances of " 
Ubisense" within your text. The term may be introduced but please use it infrequently and when directly 
relevant. Otherwise, please refer to the term using generic language. We mention Ubisense with reference 
to the GUI (Smart Factory) and also in the table of materials. Otherwise, we refer to the RTLS in general.  
 
6. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.). 
Personal pronouns have been removed from the MS. 
 
7. Please revise the protocol to contain only action items that direct the reader to do something (e.g., “Do this,” 
“Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever 
possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any 
text that cannot be written in the imperative tense may be added as a “Note.” Please include all safety 
procedures and use of hoods, etc. However, notes should be used sparingly and actions should be described 
in the imperative tense wherever possible. These issues have been addressed in the protocol.  
 
8. Please note that your protocol will be used to generate the script for the video and must contain everything 
that you would like shown in the video. Software must have a GUI (graphical user interface) and software steps 
must be more explicitly explained ('click', 'select', etc.). Please add more specific details (e.g. button clicks for 
software actions, numerical values for settings, etc.) to your protocol steps. There should be enough detail in 
each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. For 
example: Steps 8 and 8.1: As currently written, it is not clear how to smooth RTLS raw data. Ok, and 
additional details have been provided.  
 
9. The Protocol should contain only action items that direct the reader to do something. Please move the 
discussion about the protocol to the Discussion. Ok. 
 
10. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 
pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol 
for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Ok. 
 
11. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the 
step includes at least one action that is written in imperative tense. Ok. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Reviewers_10.13.18.docx
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12. Please include all relevant details that are required to perform the step in the highlighting. For example: If 
step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, 
then the sub-steps where the details are provided must be highlighted. Ok. 
 
13. Figure 1: Please label panels A and B. Figure 1 is updated per request. 
 
14. References: Please do not abbreviate journal titles. Ok.  
 
Reviewers' comments: 
 
Reviewer #1: 
 
Manuscript Summary: 
The manuscript is suitable for JoVE journal. Key steps of the protocol are presented adequately. However, 
more details can be included to clearly explain the protocol. 
 
Major Concerns: 
1. Line 191: description should be included to explain how the parameters (e.g. walking distance, sustained 
walking distance, etc.) calculated from the RTLS (line 143) can be linked or maybe used to measure gait and 
balance. This will show the relationship of the 2 key steps (line 98 and line 191) of the protocol. Thank you for 
this comment. We introduce this idea in lines 97-100 and discuss gait and balance in terms of key 
factors associated with falls. We also point to the literature that has utilized a RTLS to measure 
cognitive impairment, gait and balance, alone and with paper and pencil tools (as this study does). 
Also, see lines 373-380.  
 
2. Between line 121 and line 127, there should be description to highlight how the Ubisense sensors are 
connected to the POE switches. And if there are more sensors than the number of slots/ports in the switch, 
what can be done to synchronize them? More importantly, it should highlight the steps or important notes (if 
required) in saving the locations shown on the "Location Engine Configuration" onto the host computer 
desktop. Thank you for these comments. Please see lines 136-143 for more information about the POE 
switches. The C: Ubisense software location is given to save the raw CSV files to the desktop, lines 
265-266. 
 
3. One of the previous works of Prof Kearns should be cited because he and other authors had demonstrated 
how ultra-wide band radio (Ubisense) is used for similar purposes. The title of the publication is "Ultra 
Wideband Radio: A Novel Method for Measuring Wandering in Persons with Dementia". Here is the link to the 

publication: http://scholarcommons.usf.edu/mhs_facpub/141/. Thank you for this citation, it has been added 

on line 96. 
 
Minor Concerns: 
1. Line 102: calibration is quite an important key step of Ubisense to ensure accurate tracking. Any highlighted 
lessons from this step can be very useful to readers or users who want to try the system. Thank you for this 
comment. We added additional details about calibrating the system; see the installation and set up 
section throughout specifically lines 209-216.  

 
2. Line 107: should it be "based on x, y, and z coordinates" because in line 146 it mentions the raw location 
data are of x, y, z coordinates? In fact, the authors can share how the z coordinates are handled because 
sometimes the z (height) values are lower than their expected heights in my personal experience with 
Ubisense. Thank you for this comment. The z coordinate has been used in previous work for fall 
detection but for the purposes of this project the z coordinate was not used. See: Bowen, ME, 
Craighead, J, Wingrave, C, Kearns, W. Real-Time Locating Systems (RTLS) to Improve Fall Detection. 
Intl J Geron 2010; 9(4): 464-471. doi:10.4017/gt.2010.09.04.005.00. We revised this section for clarity. 
 
3. Line 113: Authors might share some reasons on why wrist tag is used instead of hang tag. One issue with 
the hang tag is Ubisense sensor's visibility because it can be blocked from the sensors when the tagged 
subject walks. Also, how the tag is handled when the resident goes to sleep or goes to bath/shower. Thank 
you for this comment. The hang-tag, while made for human tracking, suffers from two issues: if put on 
backward, the antenna is boxed between the circuit board and the human body, which is about 98% 

http://scholarcommons.usf.edu/mhs_facpub/141/


water and attenuates the signal.  The circuit board also attenuates the signal, albeit to a lesser degree, 
which affects RTLS accuracy.  The compact tag has the benefit of being attached to an area of the body 
having a small cross sectional area and more limited absorption of radio frequency energy. A note 
about positioning each of these is discussed lines 216-218. We also discuss developing a protocol to 
remove a tag when bathing/showering (see lines 240-243) and also to check for water issues and a tag 
that is inactive (lines 318-319). We discuss how to turn the tag on for use lines 234-235. For this project, 
tags remain on the resident while sleeping, though this is optional.  
 
4. Line 164: is Smart Factory a program within Ubisense's Location Engine Configuration? Smart Factory 
program's introduction should be mentioned. We minimize the mention of Ubisense and Smart Factory in 
this revision per editor request but we do introduce Smart Factory as the GUI line 149 and thereafter 
refer to it as just the GUI. Where applicable, figures note Smart Factory as well.  
 
5. Line 303: is the check of tag in Smart Factory done manually? If there is an algorithm to perform such 
checks, it should be mentioned. In this project it is done manually in the GUI; however we discuss that 
there is a battery status tab in Smart Factory -- see lines 306-307.  
 
6. With the recent case of data privacy protection in Europe, authors may consider to highlight the protection to 
ensure safety and privacy in storing a person's personal location data. Thank you for this comment. We 
discuss protecting subject data with a key located on a secure server behind a firewall on a locked 
computer. We also bring attention to the idea of remote monitoring and the protection of human 
subject data and running the project though the institutional review board. Finally, we discuss how the 
x and y coordinates cannot be linked to a city/town, area, person, etc., lines 247-250 given that subjects 
have a unique ID. 
 
 
Reviewer #2: 
 
Authors of the manuscript stated they discuss the use of a RTLS that measures walking activity and also gait 
quality and balance ability measures on older adults with cognitive impairment. Unfortunately, numerous 
systems have been developed, in the past few decades, to monitor human activities using RFID, UWB, Wi-Fi or 
Ultrasound, and so on. I am sorry I didn't find any novelty in the manuscript. Only a system has been 
described, which can be used to measure cognitive impairment, gait and balance.  
 
Thank you for this observation. There is heterogeneity in the RTLS field and multiple systems may 
theoretically be used for these purposes. However, the majority of these are engineering exercises 
which have never been field tested much less have made it to market, hence the paucity of longitudinal 
studies of human movement variability and its evolution over time.  Being able to monitor a single 
person in an enclosed space using Wi-Fi for a period of a few days is several orders of magnitude 
simpler than recording 50 individuals simultaneously for a period of 1 year. The logistics in terms of 
maintaining data flow and quality control, ensuring that noncompliance with protocol is corrected 
amicably not to mention the near real-time analysis and translation of findings for publication on an 
expanding body of information dwarf simple issues related to a laboratory demonstration of feasibility. 
 The choice of the Ubisense system was based upon several considerations, not the least of which was 
that it is in widespread use in industrial settings with proven reliability – 99.99 uptime.  While the 
system has been used to monitor worker productivity (BMW, Airbus, Aston Martin, Caterpillar and the 
petrochemical industry) its use as a practical tool for accruing longitudinal behavioral data on persons 
with mental health conditions, for example dementia, traumatic brain injury and the study of 
autism spectrum disorder is indeed quite novel.  Based on this comment we added information on the 
RTLS using UWB to measure walking activity compared to other infrared, RFID, or other systems. 
Please see lines 80-100 and also where we discuss limitations, lines 445-464. 
 
Additionally, I think it is not proper to contain abbreviations (e.g., RTLS and CI) in the Abstract. Thank you, we 
have updated the abstract. 
 
Reviewer #3: 
 
First off, I think that the way the protocol is presented makes it really difficult to replicate in settings that may 
slightly differ from the one used (including tools). From reading the title "Using a real-time locating system to 



measure the walking activity of institutionalized older adults", it seems that I could use *any* RTLS to compute 
older adults' walking activity. This is far from the truth. As is, the paper describes a procedure on how to obtain 
walking activity with a particular proprietary technology i.e., Ubisense's RTLS. From the images and detailed 
click-by-click instructions, should one use a different version of the Ubisense software, not to mention other 
positioning system, this procedure could not be easily replicated.  
 
Thank you for these observations. There is heterogeneity in the field of RTLS technologies – and 
theoretically various systems and technologies may be used to track wandering behaviors. For 
example, there is the ultra-wideband (UWB) solution, which Ubisense, Inc., OpenRTLS, Inc. and Zebra, 
Inc. use, infrared + radio frequency, ultrasound and machine vision systems. However, this project 
requires a tracking technology that is small and unobtrusive, wireless, capable of wide-area tracking, 
with no line of sight issues and accuracy to within 20cm and there are few (if any) other systems that 
fulfill these requirements. For example, infrared + radio frequency technology relies on creating 
“zones” which detail when a person passes through them, but is not specific enough to determine 
wandering behaviors except within a meter or two, which is far too gross for these purposes. That is, 
though we would understand when a person crossed from one zone to another (for example, room to 
room), we would not have the precision to understand what happened in that room – how many miles 
walked, time spent walking, etc. Ultrasound and machine vision have  issues with identification and 
reflections and machine vision systems have good resolution but cannot differentiate subjects without 
resorting to using an RFID tag to make up for the inadequate capabilities of current AI. With UWB, the 
Ubisense system has a wider range and spatial resolution on the order of 20cm, versus 1 meter or 
more for other systems making it the most precise. Thus, smaller “zones” are available for study much 
in the sense that a stronger microscope makes more phenomena available for investigation, and all 
activity patterns are captured, making it ideal for the measurement of wandering behaviors. The system 
is also quite stable, having been designed for 24/7 industrial applications that are mission critical. For 
these reasons, the Ubisense system has been used by other researchers and clinicians where 
precision is essential – to prevent and predict falls, to assess dementia and changes in cognition – in a 
wide variety of settings -- assisted living, hospital, nursing homes, and rehabilitation units. While the 
Ubisense software evolves as all software must, the basic features of the system, and properties are 
consistent over time – e.g., the gathering and graphic representation of raw location data, generation of 
spatial maps and administrative processing of tracking tags. Please see lines 80-100 and also where we 
discuss limitations, lines 445-464. 

 
Second, although I agree that is important to acknowledge and describe the tools used, the Ubisense system in 
this case. In my view, a method should not necessarily be coupled with a particular proprietary technology, 
software, or tool. I would have loved to see a more abstract description of the steps shown in the paper, that 
can be applied to any accurate enough RTLS.  

We have reduced the discussion of the proprietary technology throughout the MS and made our 
discussion more abstract as recommended here and by the editor. However, as discussed in the 
comment above, the Ubisense system is currently the solution for the precision level needed and is 
used across health care environments and so we maintained the specific hardware and software 
components clinicians and investigators would need to install and utilize this system.  
 
Third, there are not enough details as to how to implement the protocol. In my view, this protocol relies too 
frequently on the company's workers skills, availability, and expertise e.g. "Work with Ubisense to establish an 
appropriate tag update rate." Or "Work with Ubisense contractors who will install the appropriate number of 
sensors required for the facility layout and calibrate all sensors for accurate location tracking". In a research 
protocol, in order to properly replicate results, it is my belief that this should not happen. Also, related to this, in 
the section called "Using a Real-Time Locating System (RTLS) to Measure Physical Activity and Wandering", 
more details are needed in Step 1 as to how the facilities will be ultimately *adequately equipped* with sensors. 
The paper currently reads "Ensure the facility is adequately equipped with enough active Ubisense sensors 
(see Figure 1)". How many are enough? What is adequately? The authors mention in no few occasions to rely 
on the Ubisense contractors, but again, I think this should not be the case. 
 
Thank you for this comment. We agree, and have removed the contractor pieces. We have also added 
multiple detailed sections throughout the MS entirely focused on installation, calibration, setting up the 
software, and so forth. There are several installation methods: have a member of the scientific team 
receive training, use a contractor,  work with facility management/building engineers, or some 



combination thereof. For this revision we provide enough detail that a member of the scientific team 
could get the system up and running with minimal support. We also address what we mean by 
"adequately equipped:" For a typical communal area in a long term care facility (about 10m x 13m or 
1,000 square feet) four sensors are needed. These sensors could cover a larger area but this is 
depending on the environment – e,g., walls and glass partitions in the area which may have an impact 
on transmissions. Please see lines 130-134.  
 
Finally, there are steps that look more like pragmatic, anecdotic advice during the operation of the RTLS or 
during the implementation of it, which can be unrelated to a research method, but rather to issues with sensors 
or software from Ubisense (e.g., steps 11-14, Discussion), or to the users' behavior (e.g., having their tags 
soaking wet). Related to this, I think that some steps read like practical advice from users who have already 
implemented and perhaps struggled with some of those issues. For a novice, trying to implement this protocol, 
some questions may arise. For instance, at some point, there seems to be that some subjective criteria used. 
For instance, in the REPRESENTATIVE RESULTS section, authors state: "To ensure data are adequately 
smoothed, run several GIF files on resident travel over the course of a few weeks and visualize their walking 
activity." How the observer *knows* when a path has been adequately smoothed? 
 
We revised our discussion of smoothing as this is an important step in the analysis process. There is a 
default noise setting provided during installation/set up (see lines 192-198) and we provide these 
instructions in this revision. We also added more specifics on the smoothing accomplished after data 
are collected --  using a 5-second moving average time window (based on time provided in x and y raw 
data coordinates) and a threshold of 0.7m of movement (based on location provided in x and y raw data 
coordinates). This creates a stable series of coordinates, resembling the observed resident walking 
activity. To manage the jumps in data, when computing a day’s motion, only accrue distance and time 
(and path data) when time between points is less than 30 seconds.” This provides the formula to 
ensure data are representative of the resident’s actual activity and not jumps. See lines 271-276.  
 
Minor Concerns: 
- In step 8.1, the authors refer to "custom algorithms in Python and PHP" for smoothing older adults' paths, 
which are not shared. We revised the smoothing discussion, please see lines 271-276.  
- There are a few mistakes (or so they seem) in the numbering of consecutive steps e.g., Step 3 and then 4.1, 
and Step 6 and then 7.1. Thank you, this has been addressed.  
- In Figure 3's caption, there seems to be a mistake in the writing. From the paper: "The Location Engine 
Configuration program, sensor and cells tab. This is used ensure the system is recording events (e.g., 
tag/resident location and movement)." The Figure 3 caption is correct. 
- I would have loved to see more detail (or perhaps in an ordered fashion) about the formulas used to compute 
walking activity and related variables. Please see lines 287-295. 
- Although by the end of the paper, it is clear that there is link between CI, the use of the RTLS, and other 
aspects of interest such as wandering or gait, this is not immediately clear at the beginning of the paper. What I 
mean by this is that, from what I could read, RTLS is not the *only* instrument needed to make a distinction 
between wandering and physical activity, for instance, but you need to measure their cognitive status using the 
Montreal Cognitive Assessment (MoCA). The RTLS in its own cannot be used to identify wandering behaviors. 
Similarly, with gait quality and balance, the Tinetti Performance Oriented Mobility Assessment (POMA) is 
needed, and this is based on annotations by a trained observer. Thank you for this comment. We use 
additional paper and pencil tools to measure cognitive impairment level, gait and balance to better 
understand risk profiles for this project. Wandering behaviors are associated with fatigue and falls. 
Many older adults who wander already have poor gait/balance – but when coupled with wandering and 
fatigue this becomes even more pronounced. We introduce this idea in lines 97-100 and discuss gait 
and balance in terms of key factors associated with falls. We also point to the literature that has utilized 
a RTLS to measure cognitive impairment (e.g., Kearns, Nams, Fozard, 2010), gait and balance, alone 
and with paper and pencil tools (as this study does). Also, see lines 373-380 where we provide 
correlations between these measures. 
 


