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ABSTRACT 

The focus of this validation study is to develop and use Global Positioning 

System (GPS) technology as a tool for psychological research. GPS technology was used 

to estimate the number of places participants visited over a four day period.  To test the 

convergent validity of this method, this estimate was compared to two self-report 

methods of measuring the same behavior over the same time frame.  All three of these 

methods were significantly correlated with each other.  Results of the split-plot GLM 

further validated the convergent validity of the GPS method.  The test of construct 

validity was successful when it comes to covitality, however, negative affect did not 

predict NPV.    
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CHAPTER 1: INTRODUCTION 

The focus of this validation study is to develop and use Global Positioning 

System (GPS) technology as a tool for psychological research and serves as a proof-of-

concept study when it comes to the study of individual differences with this technology.  

Civilians received access to GPS technology, originally developed for military use, 

during the early 1980s, with full public access becoming available during the last decade.  

Since its introduction, equipment costs have decreased dramatically and its use has 

become ubiquitous. One can now find GPS technology in everything from laptop 

computers, cellular telephones, to the vehicles we drive.   

Even though GPS capabilities have improved substantially since its initial 

development, the study of human behavior using this technology is still relatively novel.  

To date, most human studies using Global Positioning System (GPS) technology deal 

with the feasibility of using GPS-enabled cellular phones in urban settings (Michael, 

McGregor, Allen & Fickas, 2008), comparing way finding guided by mobile GPS 

devices or traditional navigational tools (Ishikawaa, Fujiwarab, Imaic, & Okabe 2008), or 

entire populations using information gathered through cellular phone networks 

(Gonzalez, Hidalgo, & Barabasi, 2008).  To my knowledge, no one has used GPS 

technology to measure and study individual differences in humans over extended time.   

1.1 Global Positioning System (GPS) 

One can trace the history of GPS to October 4, 1957, when the Soviet Union 

launched Sputnik.  The day after the launch, researchers at the Johns Hopkins Applied 
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Physics Lab noted that the frequency of radio signals coming from the satellite increased 

as it moved toward and decreased as it moved away from their location.  Using this 

Doppler Effect, and their known location on Earth, these researchers could accurately 

estimate the location of the satellite as it orbited the Earth.    

This discovery inspired the military to develop the TRANSIT satellite system and 

use it operationally in the deployment of the ballistic missile submarines and some 

surface warships during the nineteen sixties.  Instead of estimating the positions of the 

satellite from a known position on Earth, the TRANSIT satellite system permitted the 

military to reverse the technique – that is, estimate an unknown position on Earth from a 

known position in space.   Contractors developed other precursors of the of the modern 

GPS system (e.g., TIMATION using atomic clocks), for the Navy and Air Force during 

the nineteen sixties.   Today’s GPS system started in 1973 with the inception of the 

Defense Navigation Satellite System (DNSS), later renamed Navstar (Baker 1987; 

Bradford 1983).  

On 1 September 1983, a Soviet aircraft, piloted by Major Genadi Osipovich, shot 

down a civilian airliner carrying 246 passengers and 23 crew as it wandered into Soviet 

airspace due to navigational errors (Shroeer & Elena 2000). The very next day, President 

Ronald Reagan ordered the US military to make degraded GPS signals available for 

civilian use shortly. The system became fully functional for the military in the 1990s, 

upon the placement of the last of an orbiting 28-satellite constellation.  In May of 2000, 



16 
 

 
civilians received access to fully functional (with some exceptions) military quality 

signals.   

The GPS system, as it stands today, includes 28 orbiting satellites making it 

possible that a GPS device anywhere on Earth can receive signals from at least four but 

as many as 12 satellites at one time.  Each of the satellite transmit radio signals 

containing orbital information, a time stamp accurate to one nanosecond (one billionth of 

a second), and rough estimates of the orbits of the other 27 GPS satellites.  The orbital 

information gives the satellite’s location in space; by taking each satellite’s time stamp 

into account, along with the Doppler Effect, and the speed of light, the time stamp makes 

it possible for the GPS device to estimate the distance between the satellite and the 

location on Earth.   

Using the signal from at least four satellites, an earth-bound GPS device 

calculates its location on Earth through trilateration. Trilateration is similar to 

triangulation, but whereas triangulation consists of measuring angles to and from known 

points to calculate a position, trilateration uses the intersection of sphere surfaces using 

their radii and the centers of each of the spheres.  Trilateration in three-dimensional space 

is complex, where in triangulation only three angles are needed to calculate a known 

point, trilateration requires four.  If only three signals were available the GPS device 

would calculate two location estimates.  The signal from a fourth satellite is necessary to 

decide between those two estimates.   Even though only four satellites are necessary for 

one estimate, incorporating more signals increase the accuracy of location estimates.  The 
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reason for this is the system uses differences in timing of the signals from the satellites as 

radii estimates.  These differences, which are a function of the speed of light (a very large 

number), are sensitive to even a small error, and can produce large errors when 

estimating locations.  Factors which might cause these errors include atmospheric 

conditions, and clock errors.     

Since 1983, GPS technology has penetrated the civilian world.  We find GPS 

technology in our cellular phones, used in our 911 emergency systems, our cars, as a 

work tool in surveying, mining, shipping, truck driving, police work, and other jobs that 

require navigational aids or recordings of geographic locations.  In scientific research we 

find GPS technology commonly used in the Geosciences (e.g. studying plate tectonics), 

Climatology (e.g. measuring glacial ice flow), and Biology (e.g. tracking individual 

animals).  In contrast, most Psychologists have overlooked this technology. 

1.2 GPS Technology and Animal Research 

The study of animal behavior by biologists, ecologists, and natural resource 

researchers provides a useful methodological model which can be extended to human 

research; after all humans are animals.  One example of how GPS technology has 

transformed a field of study is the study of migratory behavior.  Before GPS technology 

came online, this research relied on a combination of direct observation, capture mark 

and release, indirect observations (e.g. natural signs such as tracks, beds, trails, and 

droppings), photographic devices, and radio telemetry (Sanderson 1966 & Hackman & 
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Henny 1971).  Each of these methods has limitations related to expense and the labor 

intensiveness of the methods.   

The method most comparable to GPS is radio-telemetry.  It works similar to GPS 

in that it relies on radio signals between known and unknown points. Instead of orbiting 

satellites, all of the electronic devices this technology relies on are terrestrial.  The 

terrestrial system has several limitations which GPS addressed (Nelson, Mech, & Frame 

2004).  The most important of which are related to the curvature of the Earth and 

geography which limit the range of the radio telemetry devices.  As the animals move 

beyond the range of the radio waves, the researchers have to move the entire system, or 

constantly track the animals.  If studying long range migration this would mean moving 

the system every time the range limits of the system are exceeded.   

An added difficulty with radio-telemetry is the possibility of the organism 

entering inaccessible terrain.  Researchers can oversample locations which are easier to 

record from (Samuel, Pierce & Garton, 1985), since GPS is a global system many of 

these concerns are at least partially addressed.  Where these concerns are not addressed, 

the radio telemetry system also has problems.  An example of such an environment is 

triple canopy rainforests.  These limitations of the GPS system are beginning to be 

addressed (MacLean, 2009).   

1.2.1 Animal Research Examples 

The list of topics being studied in the biological sciences is almost innumerable.  

In short, the list of topics being studied in the animal literature with GPS devices is as 
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varied as the fields which study animal behavior.  Organisms who’s habitats are located 

in the land, air, and water are all being studied.  So far I have focused on migratory 

behavior, the list of topics range the entire life cycle of organisms coming in all shapes 

and sizes.   For example, the use of GPS technology has transformed the study of habitat 

selection.  By sampling a species activity in time and space, and measuring 

environmental data from those locations, a researcher can study fine-scale habitat animal 

relationships (e.g. Adrados, Verheyden-Tixier, and Cargnelutti, Pépin, & Janeau 2003).  

Questions like how long and during what times do animals tend to stay in grasslands 

versus wooded areas are more easily investigated.  Questions like when and for how long 

the organisms eat, sleep, and drink water are all being answered.     

Other topics related to mating behavior are also being studied.  For example, 

investigating the relationship between inbreeding and female biased dispersal in wolves 

has been studied by combining data coming from DNA sampling and data collected using 

GPS devices (Randalla, Pollingerb. Wayneb , Tallentsa, Johnsona et al. 2007).  Other 

examples include comparing the spatial distribution of males and females throughout the 

year in order to determine the degree of sexual segregation (Turner, Jolles, & Owen-

Smith, 2005).    

Another area of study is related to prey predator interactions.  By having both 

predator and prey tracking data, one can answer several types of questions.  These 

interactions may be recorded as kill rates (Sand, Zimmermann, Wabakken, Andren, & 

Pederson, 2005) or the alteration of habitat selection in response to the presence of a 



20 
 

 
predator (Creel, Winnie, Maxwell, Hamlin, & Creel, 2005).  Without this technology, 

almost all of these topics would be either more difficult if not impossible to study.  For a 

more comprehensive review of GPS technology see Rodgers (2001).       

1.3 GPS Technology and Human Research 

The animal behavior literature is full of examples on how to use GPS technology 

in behavioral research.  These techniques can also be used in human studies providing, at 

a relatively low cost, measures of natural human behavior without relying on self-report; 

making it possible to conduct a multi-method study when self-report may have been the 

only viable option.  Although limited to measuring outdoor movement in latitude and 

longitude units, under clear skies, the descriptively interesting constructs that a researcher 

can infer are rich.  Wolf and Jacobs (2010), for example, suggested that researchers might 

use GPS measures to estimate day-to-day activities that involve estimates of home range, 

distance travelled, and number and types of places visited per day.  In addition to these 

techniques other methods have been developed to estimate the type of movement an 

individual uses by the same research team.  For example, one can estimate the amount of 

outdoor walking by taking the typical walking speed of a human (e.g., zero to four miles 

per hour) and then counting the time or distance a person traveled at that speed per day as 

a measure of walking.     

While working on the current data set, some qualitative observations were made 

which will certainly lead to further quantitative research.  For example, while counting 

the number of places visited variable for each of participants for the current study, a 
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pattern which was not tested in this current study was noticed.  There seems to be two 

discrete strategies a person may employ while moving in space and visiting different 

places.  In the first strategy, a person leaves the home and visits a variety of places 

throughout the day and sometime later in the day returns, and maybe leaves one more 

time in the evening.  The second strategy is similar to a concept described within Optimal 

Foraging Theory called central place foraging.  The participant will leave home, and 

arrive at a location.  When leaving this first location the participant returns home only to 

take a second trip to a different place.   This pattern is then repeated throughout the day.  

Anecdotally, there seemed to be a sex difference when it came to strategy preference with 

females taking more trips than the males.   

Another example presented itself during pilot work.  At the time I was 

investigating the anomalies in the data sets.  I plotted each participant’s daily activity on a 

map. The routes were color coded according to speed.  I found one person who travelled 

to Tempe Arizona at a very high rate of speed on Interstate 10.  This highway has some 

sections which are relatively straight.  This behavior mimicked my definition of an 

anomaly, described later in the methods section.   

The participant spent the evening and early morning in Tempe, visiting an area in 

Tempe Arizona associated with drinking establishments. The participant returned to 

Tucson early the next morning and attended class.  Although it is not clear who was 

driving, the rate of speed could be used in a risk taking study with this individual’s 

behavior being an example of a risk taker and the participant who walks around campus, 
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and goes home early on a school night an example of a relatively low risk person.  

Although neither of these hypotheses were formally tested, these observation serve as 

examples of the richness this type of data can provide. 

1.4 Current Study 

I designed this validation study to test the viability of using GPS technology as a 

descriptive tool, as compared with self-report methods.  This research measured and used 

two constructs, Negative Affect Factor (NAF) and Covitality (COV) as predictor 

variables to test the construct validity of the results obtained with GPS.  I chose Number 

of Places Visited (NPV) as a criterion variable because of a long tradition of correlating 

the quantity of social or physical activity with the results from many of the individual 

questionnaires or scales that make up NAF and COV.  This history of examining 

correlations among such self-reported variables, gave some certainty that I could conduct 

a multi-method study testing the convergent and construct validity of the novel method.  I 

estimated each predictor variables using multiple indicators instead of correlating the 

criterion variable with individual measures.        

1.5 Negative Affect Factor  

A major theory of depression first described by Ferster (1973) and later developed 

by Lewinsohn (e.g., 1974) proposes that a lack of reinforcement, caused by decreases in 

qualitative or quantitative aspects of behavior lie at the root of human depression.  

Researchers support this model by documenting positive relations between mood and 

self-reported frequency of physical activity and social behavior (e.g., Coyne, 1976; Dunn 
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et al, 2005; Hopko & Mullane, 2008; Joiner 1997; Lewinsohn & Graf, 1973).  In 

addition, they report that increased self-generated exposure to pleasant events and 

positive reinforcers help alleviate negative affect (e.g., Cujpers, et al, 2007;  Dimijian et 

al 2006; Ekers et al, 2008; Hopko et al, 2008; Martell et al., 2001).   

 There are, however, contradictory results.  For example, Nezlek, Embrie, and 

Shean (1994), found a relation between negative affect and quantity of social interactions 

only above a cut off score of sixteen on the Center for Epidemiological Studies- 

Depression Scale (CES-D); the statistics detected no such relation below that cut off 

score.  In subsequent research Nezlek, Hampton, & Shean (2000), found no differences in 

how socially active depressed and non-depressed were.  

To test this theory of depression, therefore, we predicted a negative correlation 

between NPV measured by GPS and negative affect.   

1.6 Covitality 

Weiss, King, & Enns (2002) coined the term covitality to refer to a positive 

correlation among a variety of health-related traits.  The construct is similar to that of 

comorbidity, but instead of a host of illness related conditions correlating, a host of 

healthy conditions correlate.  Later theoretical work and research links the concept of 

covitality with slow life history strategy and personality, both of which were included in 

our current covitality factor (Figueredo, Vásquez, Brumbach, & Schneider, 2007).  In 

health research, personality variables such as activity (a facet of extraversion), 

conscientiousness, and emotional stability (inverse of neuroticism) correlate with 
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longevity (Terracciano, Löckenhoff, Zonderman, Ferrucci, & Costa, 2008), presumably 

an outcome of high covitality.  

Many of the personality indicators link to social activity.  For example, Watson, 

Clark, McIntyre, and Hamaker, (1992) examined relations among social activity and 

measures of Positive and Negative Affect, and personality. In their analyses, measures of 

socializing correlated significantly with Positive Affect and Extraversion/Positive 

Emotionality.  These authors also reported that social activity had no detectable 

association with measures of negative affect or the other personality dimensions.   

Hansen & Berry (1996), however, found a relationship between both positive and 

negative affect and quantity of social interaction.   

A review paper and meta-analysis (Rhodes & Smith 2006) investigated the 

relations among physical activity and major personality traits.  Analyzing results from 33 

studies, these authors reported that extraversion (r  =  0.23), neuroticism (r =  −0.11) 

and conscientiousness (r  =   0.20) correlate with physical activity.1  Rhodes and Smith 

also reported that the Five-factor Model traits of Openness to Experience and 

Agreeableness (2006), as well as Eysenck’s Psychoticism trait, do not predict physical 

activity. 

 

                                                           

1
  Argyle and Lu (1990) also described a link among Extraversion (another five-

factor Model trait), happiness, and quantity of social interactions.   
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We therefore predicted a positive correlation between NPV measured by GPS and 

covitality.   

1.7 Hypotheses 

The two goals of this study were to establish predictive and convergent validity of 

GPS estimates of Number of Places Visited (NPV).   The test of convergent validity 

consisted of the degree of within-subject correlations among the GPS-based inferred 

NPV estimates and results from two self-report methods of measuring NPV – each based 

on an individual’s activity during the same 4 day period.  The test of the construct 

validity consisted of the degree of within-subject correlations among the GPS-based 

inferred NPV estimates and measures of covitality and Negative Affect.  Specifically, the 

estimates of NPV should correlate positively with measures of covitality and negatively 

with measures of Negative Affect. 
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CHAPTER 2: METHODS 

2.1 Participants 

 Ninety six participants, 41 females and 46 males, and 9 others who did not answer 

the ‘sex’ question in the demographics questionnaire, were recruited from the University 

of Arizona Psychology 101 subject pool.  On average, the participants’ were 19 years of 

age; their ages ranged from 18 to 39 years of age.   

2.2 Procedures 

 From the participants’ point of view, the study was a six day study.   Behavioral 

data from days one and six were not used for the analysis since participants’ carried these 

devices for different periods of time during those two days.  This difference was because 

of the different time slots; some participants signed up for an 8:00 a.m. time slot and 

others may have signed up for a 4:00 p.m. timeslot.  Some participants began the study 

on a Wednesday and others began on a Friday leaving four full days of data collection.  

In the case of the participants who began on Wednesday there were two full days of 

weekday behavior being recorded (i.e. Thursday and Friday) followed by two full 

weekend days.  The participants who started on Friday began with two full weekend days 

followed by two weekdays (i.e. Monday and Wednesday).   

On day one of the study, an experimenter greeted each participant upon arrival at 

the laboratory and provided a consent form.  The participant then read and signed the 

form.  The experimenter then gave each participant instructions describing how to access 

two websites.  The first website contained a series of questionnaires including, the Beck 
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Depression Inventory (BDI), Center for Epidemiological Studies- Depression Scale 

(CESD), Positive Affect Negative Affect Scale (PANAS), Satisfaction with Life Survey 

(SWL), Mini-K (MK), and Neuroticism-Extroversion-Openness Inventory- Five Factor 

Inventory (NEO-FFI).  The second website gave the participants’ access to a self-report 

NPV diary questionnaire, described below.  The participants also received reminder 

emails on how and when to enter their data.   

After receiving the questionnaire instructions, the experimenter issued each 

participant a GPS device, and requested that the participant carry the device during their 

waking hours over the next five days.  On day three, a Friday or a Monday depending on 

when they started, the participants returned to the laboratory for a battery change.  Upon 

their final return on day six, a Monday for those who started on a Wednesday or a 

Wednesday for those who started on a Friday, the participants received an opportunity to 

delete any data they thought should not enter the study or viewed by the experimenters.  

No participant took advantage of that opportunity.  After collecting the device, each 

participant completed the Google Maps NPV task (described below). 

An attempt was made to counterbalance what day the participants started carrying 

the GPS devices with the goal of having the participants starting on Wednesdays and 

others starting on Fridays.  The procedure involved using the Psychology 101 subject 

pool with ten slots being open for slots starting on Wednesday and ten starting on Friday.  

This procedure was abandoned once it was clear that we were losing too many data 

collection opportunities due to the participants’ preferences.  Too many participants 
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signed up for Wednesday time-slots and not enough signed up for Friday time-slots.  This 

phenomenon sometimes left half of the GPS devices sitting in the lab rather than 

collecting data.   

2.3 Collection of Global Positioning System (GPS) Data 

 The experimenter asked each participant to carry a commercially available 

LandSeaAir Tracking Key for five days.   The GPS devices sample each participant's 

spatial location every second as long as the device’s accelerometer detects motion.  The 

raw data provide measures of time, latitude, longitude, altitude, and speed when the 

participant is active. Because the device uses satellite signals to calibrate these data, if a 

participant is in a building with a thick or metal roof, the device may not receive the 

signals and therefore cannot measure location.  To save storage space, the device erases 

points that lay on a straight line.  The devices do not provide feedback to the participant.   

 For each participant, NPV data were extracted from the GPS devices for each full 

day of data collection.  This was conducted by using a two-step process using the 

software provided with the GPS device.  The software allows the user to choose from 

three types of outputs.   

2.4 Measures of Individual Differences 

2.4.1 Beck Depression Inventory (BDI) 

 The BDI is a 21-item multiple-choice self-report inventory composed of items 

relating to signs and symptoms of depression.  Elevated scores indicate that the person is 

depressed. Typically, researchers break levels of depression into four categories. Scores 
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ranging between 30 and 63 indicate severe depression, scores ranging between 19 and 29 

indicate moderate to severe, scores ranging between 10 and 18 indicate mild depression 

and scores ranging between 0-9 indicate not depressed.  

In a meta-analysis covering 25 years of research the mean internal consistency 

estimate was α = 0.87, and test-retest reliability correlations greater than r = 0.60. The 

concurrent validity of the BDI with respect to other measures of depression is high with 

correlations ranging from r = 0.41 on the Zung to r = 0.81 on the MMPI-D (Beck, Steer, 

& Carbin 1988).   

2.4.2 Center for Epidemiological Studies- Depression Scale (CES-D) 

The CES-D is a 20-item self-report based screening test for depression. The basic 

format for all the items are as follows.  An interviewer asks a participant how often that 

individual felt a certain way in the previous week and rates the response on a four-point 

Likert scale, ranging from “rarely” to “all the time”. Scores ranging from sixteen to sixty 

indicate a ”significant” level of psychological distress; scores between zero to sixteen 

indicate no depression.  

This instrument has a high internal consistency (α = 0.85 in the general population 

and α = 0.90 in a patient sample) and test-retest reliability estimates ranging from r = 

0.45 and r = 0.70.  It correlates with other self-report depression measures, clinical 

depression ratings, and by relationships with other variables supporting construct validity 

(Radloff, 1977).  
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2.4.3 Satisfaction With Life Questionnaire (SWL)  

The Satisfaction With Life (SWL) Questionnaire is a five-item scale designed to 

measure life satisfaction or subjective well-being. The participants read a statement, such 

as, “In most ways my life is close to my ideal”.  The responses to that statement range 

from “strongly disagree” to “strongly agree” on a seven-point Likert scale.  The internal 

consistency of this measure is good (α = 0.87)  (Neto 1993), a two month test-retest 

reliability of r = 0.82, and a test-retest reliability of r = 0.50 over 10 weeks, and  r = 0.54 

over 4 years (Pavot & Denier 1993).   

2.4.4 Positive Affect Negative Affect Scale (PANAS) 

The PANAS is a twenty-item instrument measuring two constructs, positive and 

negative affect, with two ten-item lists of words.  The participants read each word on the 

list and indicate to what extent they have felt this way in the previous two days (other 

versions have other timeframes in the instructions) on a five-option scale ranging from 

“very slightly or not at all” to “extremely”.   

The internal consistency of the PANAS, Positive Affect (PAS) and Negative 

Affect (NAS) scales, estimated using Crobach’s α was 0.89 for the PA scale, and 0.85 for 

the NA scale (Crawford & Henry 2004).  At an eight week interval, the test-retest 

reliability for PA ranges from r = 0.47 to 0.68, depending on the time instructions, 

ranging from at the current moment to in the last year or in general how they felt this 

way.  For the two day period the test-retest reliability is r = 0.48.  For NA the test-retest 

reliabilities range from r = 0.39 to 0.71, depending on timeframe instructions.  Not 
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surprisingly the longer the timeframe the higher the test-retest reliability since it is more 

likely measuring a trait rather than a state.  For the in the last two days instructions, the 

test-retest reliability is 0.42 (Watson, Clark, & Tellegen 1988).    

2.4.5 Neuroticism-Extroversion-Openness Inventory- Five Factor Inventory 

(NEO-FFI) 

 The NEO-FFI is a sixty-item personality questionnaire designed for use with adult 

individuals without overt psychopathology.   It measures five personality factors that 

include openness to experience, conscientiousness, extraversion, agreeableness, and 

neuroticism. The internal consistency of each of the factors is good, ranging from α = .76 

to .88 (Sacier 1998). 

2.5 Measures of Spatial Behavior 

Because the GPS device does not record the type of place visited (e.g. social, 

physical, etc.), the self-report was designed to count only the number of places visited 

with the self-report NPV rather than distinguishing each place into types of visit (e.g., 

social or physical activity).  Although this differs from the self-report methods already in 

use in the literature, those measures would not be directly comparable when it came to 

evaluating convergent validity. The participants completed two self-reports, a recall task 

using a type of daily diary and a recognition task completed on Google Maps, as 

measures of subjective NPV.  Each of these tasks were designed specifically for this 

study.  
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2.5.1 Diary NPV 

Participants entered a website that provided seven NPV questions (see Appendix 

A).   They answered the same questions at the end of each of the four full days the 

participants carried the GPS devices.  Similar to the Day Reconstruction Method (DRM) 

(Kahneman, Krueger, Schkade, Schwarz, & Stone, 2004), the Diary NPV measure asked 

participants to recall the preceding day’s events.  The recall was limited to the preceding 

day, and measured on four separate occasions, rather than once at the end of the study to 

reduce recall bias (Stone, A. A., Schwartz, Schkade, Schwarz, Krueger, & Kahneman, 

2006).   Instead of measuring emotional changes throughout the day, the Diary NPV 

method asked the participants to count the frequency of visiting different locations.   

I extracted three variables from responses to these questionnaires.  The first, 

named Diary NPV, was composed of the total of number of places the participants said 

they visited during the four days.  Two other variables Diary NPV-WE, and Diary NPV-

WD, which were subsets of the Diary NPV, represented the total number of places visited 

during the weekend (Diary NPV-WE) and the total number of places visited during the 

weekday portion of the data collection period (Diary NPB-WD) respectively.  The last 

four questions were not used in this analysis of the data set.   

2.5.2 Google NPV  

After the participants returned the GPS devices, and received the opportunity to 

erase inappropriate data from the GPS devices, the experimenter asked participants to 
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complete the Google Maps task.  This method is also similar to the DRM but for a 

different reason.  The participants were asked to systematically recreate their day in the 

order that the events happened (Kahneman, Krueger, Schkade, Schwarz, & Stone); 

however the participants were recalling four days of activity rather than one.  The 

probability of recall effects associated with this delay was unfortunate, but the 

complexity of the task was not conducive to online measure like the Diary NPV measure.   

We could have asked the participants to come in to the laboratory at the end of 

each day, but we thought that this would disrupt the participants’ natural spatial behavior 

too much.  In fact, after looking at the data at the end of the study, it turned out that many 

participants left the state during the study making it impossible to collect their data on 

those days.  Combining the Diary NPV method, measured on each day online, and the 

Google NPV method, measured at the end of data collection proved to be an effect of 

way of balancing concerns of recall effects and missing data associated with asking the 

participants to sign in on to the internet every night.    

This task used the website www.maps.google.com.  The experimenter opened this 

website four times, each on a different tab on the web browser.  The experimenter then 

set each of the open tabs to the “get directions” option and selected the walking directions 

(designated by an icon depicting a man walking).  The experimenter then explained that 

each of the four web browser tabs represented the preceding four days of the participant’s 

life.   
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After providing general instructions detailing how to navigate the site, the 

experimenter then asked the participants to recreate each of those days.  The participants 

were asked to think of their day as a series of events, starting with the first place s/he 

went to and mark that location by getting directions from that place to wherever he or 

s/he went next -- and to keep asking Google Maps for directions to each subsequent place 

for that day. If a participant had difficulty interacting with the website, the experimenter 

assisted the participants, but did not help them with the geographic locations of places.   

Once they completed that task, a link was created and saved for each of the 

completed sets of directions; the participants were debriefed, and dismissed.  With the 

data collection complete the NPV were counted.  I created three variables from these 

frequency counts.  The first variable, Google NPV, represented the total number of places 

visited for the four-day data collection period.  The second variable, Google NPV-WD, 

represented the number of places visited during the weekday portion of the data 

collection period.  The final variable, Google NPV-WE, represented the number of places 

visited during the weekend portion of the data collection period.   

2.5.3 GPS NPV 

The first type of output is a list of places that the program estimates and is called a 

stop (see Appendix B).   A stop is defined by the user as a time period of no movement.  

For this study, a ten minute interval was defined as a stop. The program provides details 

for each stop, time departed, time arrived, estimated address, distance between stops, and 

duration of stop.  This activity report was used as a first estimate of NPV.  Each 
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individual stop was examined by clicking on the address which is a link.  If clicked, this 

link takes you to Google Maps and plots it.  The satellite view was used as the type of 

map.    

Using GPS, the number of places visited (NPV) was inferred from the number of 

GPS stops recorded. The following is a list of rules used for determining if a stop is 

counted as a place.  If two stops were zero miles from each other and happened 

consecutively, the second stop wasn’t counted as a place, but instead considered the same 

place.  If two consecutive stops had the same estimated address the two stops were 

scrutinized further.  In this case, if the stops happened at two separate buildings (e.g. at 

one building and a building down the street) it was counted as a second stop.  However, if 

the second stop was at the same building and/or within the confines of the fence or yard 

surrounding it, the second stop was not counted as a place.   Once all these places were 

defined in this manner, and entered into a spreadsheet this count was used as an initial 

count of NPV for that day. 

A second step was used to evaluate the quality of the GPS data.   The second 

output is a plot of the individual’s route superimposed on a map.  The route itself is color 

coded and the colors represent different speed.  The stops described in the previous 

paragraph can also be superimposed on this map (see Appendix C).  Due to atmospheric 

conditions, and structural characteristics of building individuals might occupy, the GPS 

devices sometimes miscalculate where an individual is.  
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These anomalies can be detected by looking at the speed and direction of travel 

depicted in the output.  During pilot work, it was found that these anomalies usually show 

up as long straight lines (from two to one hundred miles), which do not follow roads.  In 

addition the speed of travel can be hundreds of miles per hour therefore the color-coded 

line in this output is bright pink and easy to find. When an anomaly was detected, the 

stops were plotted over the map and it was determined whether one of the stops counted 

in the previous step was due to this anomaly.  If it was, the error was removed from the 

estimate.  The variable GPS NPV was created by adding all the NPV estimates for each 

of the full days, GPS NPV-WE was created by adding weekend NPV estimates, and the 

variable GPS NPV-WD was created by adding the weekday NPV estimates.   

Once all the estimates were complete an intra-rater reliability check was 

conducted.  Twenty participant’s data were randomly selected, and the re-estimated.  The 

two estimates were then compared and only one participant’s estimates showed a 

discrepancy for two consecutive days.  The difference between the two estimates was one 

stop.  After investigating the discrepancy, it was clear that the discrepancy was probably 

due to the fact that a place was visited which started on a Saturday night and ended early 

Sunday morning.  It was not counted on the Saturday but counted on the Sunday.  Even if 

the discrepancy was not found the results would have been exactly the same since the 

analysis was conducted at the weekend/weekday level.  It would have had an impact if a 

similar discrepancy happened due to a Friday/Saturday mix up.   Due to the relatively low 
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discrepancy rate, two discrepancies out of eighty possible no further reliability checks 

were conducted.   

2.6 Measurement Model 

Because the prevalence of depression in this sample was low, as defined by the 

recommended clinical cutoffs, the common factor I constructed out of all the measures of 

depression I obtained was called Negative Affect Factor (NAF) rather than depression 

since none of the participants were depressed.  NAF was composed of five measured 

variables: BDI, CES-D, SWL, Neuroticism, and Negative Affect (NA).  The unit-

weighted factor score was estimated by reverse-scoring the SWL by multiplying it by a 

negative one creating a new variable called Dissatisfaction With Life (DWL), then 

standardizing all the variables and taking their unweighted average (Gorsuch, 1983).   

The Covitality (COV) factor was estimated the same way, but composed instead 

of Positive Affect (PA), Life History (MK), Conscientiousness (C) Extraversion (E), and 

Agreeableness (A).  I omitted Openness to Experience for two reasons: (1) I wanted to 

keep COV and NAF as comparable as possible by including the same number of 

indicators, and (2) of the six variables that could have gone into the COV factor, 

Openness to Experience was the one that least fit with the factor, as assessed by the 

correlation of the individual indicator score to the composite factor score and by omitting 

it we kept the same number of indicators in both factors.   
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2.7 Missing Data 

Due to the complexity of the study, there was a considerable amount of missing 

data.  Anecdotally, the missing data seemed to be associated with the day the scheduled 

activity took place.  For example, almost all the participants completed tasks which 

started on the first day, with data becoming sparser as the study progressed, with a sharp 

increase in compliance on the last day when they were scheduled to return the GPS 

devices and receive credit for participating.   

The self-report questionnaire data would have been one of the first tasks the 

participants could have completed.  This task included 14 measures with varying 

numbers of items (e.g. the single sex question, NEO-FFI 64 items).  The next two tasks 

which the participants completed were the Diary and the GPS NPV tasks.  These data 

should have been collected over the subsequent four days.  On the final day the Google 

NPV data were collected.  We know that much of the data which is missing is due to 

technical difficulties which unfortunately we did not record at the time.  Some examples 

of technical difficulties include a website crashed which happened during a period in 

November, or novice research assistants not familiar with the GPS devices accidentally 

erased data.  

2.7.1 Missing Data Coding 

Since we didn’t collect compliance versus technical difficulty data it is difficult to 

disambiguate; we therefore treated all missing data equally. To quantify missing data, I 
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dichotomized the entire set of scores; a one was entered if they had a score for each 

individual measure and a zero if it was missing data.  By summing across all these 

variables for each type of measure a missing data variable was created for each type of 

measure.  These scores ranged from 0 to 14 for the self-report questionnaires (Self-Report 

MD), 0 to 4 for the Diary NPV Missing Data (Diary MD) and GPS NPV methods (GPS 

MD), and 0 to 2 for the Google NPV method (Google MD).   

The Self-Report MD variable ranges from 0 to 14 since there are 14 measures 

collected during the self-report task.  The GPS and Diary NPV MD variables range from 

0 to 4 since there are four separate days the participants were supposed to carry the GPS 

device or enter data into their daily diary.  Instead of dichotomizing the entire measure, as 

was done in the Self-Report MD variable, each day was dichotomized.  For example, 

when classifying the Diary NPV task, five variables were created; one for each day plus a 

total score.  If a participant only completed day one of this task, this individual’s scores 

would equal a score of one for the first day followed by zeros for the remaining days.  

The total missing data score for the Diary NPV task is a sum of the preceding four 

variables, giving this participant a score of one.   The Google NPV MD variable was 

made up of weekday vs. weekend dichotomized scores.  This was due to the fact that we 

didn’t input data for each day but rather inputted values on the dataset on the weekday vs. 

weekend levels rather than on a day to day basis.   
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2.7.2 Missing Data Analysis 

Frequency counts for the missing data scores were calculated and histograms are 

reported in the results section.  These frequencies provide a crude view of the types of 

missing data which make up this data set and provide some insight on compliance.  I then 

conducted two separate analyses.  The first, tested whether any of the measured 

demographics or individual differences variables predicted a total missing data score, and 

the second tested patterns of missing data related to the day the task took place.  This 

analysis only investigated the Diary and the GPS methods because these two novel 

methods were entered across four separate days.   

2.7.3 Individual Differences and Missing Data 

Merely adding across Self-Report MD, Diary MD, GPS MD, and Google MD 

would weight a single item in the demographics section such as the sex question the same 

as an entire day of carrying a GPS device, one day of entering data into the diary, or half 

of the Google NPV task.  Instead, I created an index for each of the methods ranging 

between zero and one.  This was done by adding across each method’s missing data 

scores and dividing by the number of items or tasks.  For example, if a participant 

completed 7 of the 14 measures which make up the Self-Report MD variable, I would 

divide 7 by 14 and the individual’s missing data score would equal .5.  In order to 

compute the final missing data index, I added all of the methods’ missing data indices by 

adding them up and dividing by four.  I divided by four in order to have the final index 
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represented as a proportion ranging between zero and one.  This missing data index was 

then predicted by each of the demographics variables and the self-report questionnaire 

scores.  This analysis would inform us of any systematic relationships between these 

demographic and individual differences variables and the proportion of missing data.   

2.7.4 Time and Missing Data 

This analysis was constricted to the GPS and Diary portion of the data set since 

these are the tasks which took place over an extended period of time.  Including the Self-

Report MD and Google MD would introduce a confound related to the data collection 

design.  For example, even though the participants could have started entering data into 

the self-report questionnaires at the beginning of the experiment they could have returned 

to the task at a later date.  In fact, on the final day we asked the participants if they 

completed this task and gave them an opportunity on the final day to complete it.  This 

aspect of our data collection design ensured that this method had higher compliance rates.  

Similarly the Google NPV task was conducted in front of the researcher.   If a participant 

showed up on the final day they in all but one case finished the entire task.  

Since the purpose of this analysis was to test changes in missing data across time, 

only participants who had partial data were analyzed.  After identifying which 

participants did not complete the entire GPS or Diary portion of the study frequency 

counts were calculated for each day’s missing data.  Once this was done a χ
2   analysis 

was conducted in order to test for significant differences in those frequencies.   
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2.8 Statistical Analysis 

The analyses used a split-plot GLM.  Two orthogonal contrasts were created to 

test differences between methods. Contrast One (C1) compared the effects of GPS and 

self-report methods.  When the method was either Google Maps Method or Diary the cell 

was coded as a negative one.  If it was GPS, the cell was coded positive two.  Contrast 

Two (C2) was created to compare the two self-report methods.  When the method was 

Google Maps, the cell was coded as a negative one; when it was a Diary Method, the cell 

was coded as a positive one, and when the method was GPS, the cell was assigned a 

score of zero.  The variable “Time” was created to distinguish weekends and weekday 

effects.  If the measurement took place during the weekend, it received a score of positive 

one, if it took place during a weekday it received a score of zero. 

The variables COV and NAF along with the interaction were used to test the 

construct validity of the GPS measures.  The variable “Time” was used to test any 

weekend/weekday differences.  In order to test the hypothesis that people high in NAF or 

DV acted differently depending on the variable Time the interaction between these 

variables were also tested.  The coded variables C1 and C2 were entered to test 

differences in methods.  The variable C1 represents the difference between self-report 

and GPS and the variable C2 represented the difference between the two self-reported 

NPV measures.  In order to test if people high or low on COV or negative affect 

interactions between these variables and C1 and C2 were also tested.   
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The criterion variable was NPV and it was composed of all the different method 

of estimating NPV.  This is the repeated measure variable and it is differentiated by all of 

the coded variables described in the previous paragraph (C1, C2, and Time). Because a 

Split-Plot GLM necessarily uses hierarchical partitioning of variance, estimating the 

between-subjects variance prior to the within-subjects variance, I ran virtually the same 

model with the same variables and hypotheses but in two different hierarchical orders to 

give causal priority first to the COV (in Model 1) and then to the negative affect (in 

Model 2) factors. 

In Model 1, NPV was then predicted by the following variables in the following 

order,  starting with the between-subjects variables COV, NAF, COV*NAF, and 

followed by the within-subjects variables SID, Time, C1, C2, Time*C1, Time*C2, 

COV*Time, NAF*Time, COV*NAF*Time , COV*C1, NAF*C1, COV*NAF*C1, 

COV*C2, NAF*C2, COV*NAF*C2, Time*SID , C1*SID,  C2*SID.   

In Model 2, the order of COV and DV were reversed as follows: NAF, COV, 

NAF*COV, SID, Time, C1, C2, Time*C1, Time*C2, NAF*Time, COV*Time, 

NAF*COV*Time, NAF*C1, COV*C1, NAF*COV*C1, NAF*C2, COV*C2,   

NAF*COV*C2, Time*SID, C1*SID, and C2*SID       
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CHAPTER 3: RESULTS 

3.1 Descriptive Statistics 

 As can be seen in Table 1, the participants were mainly young adults with fully a 

third of the participants under 19 years of age.  Only one person was over the age of 

twenty five.  As can be seen in Table 1, the majority of the participants generally did not 

meet the cut off score for even mild depression (scores ranging from 14-19) on the BDI 

with fully a third of the participants scoring 5.75 or fewer.  This characteristic of the data 

may indicate a restriction of range problem with the negative affect data.  The rest of the 

indicators’ descriptive statistics can also be found in Table 1.    

 

Table 1  Descriptive Statistics for Predictor Variables 

  
Mean 

Standard 
Deviation 

 
Min 

1st 
Quartile 

 
Median 

3rd 
Quartile 

 
Max 

Age 19.34 2.54 18 18 19 19 39 
BDI 4.49 5.18 0 1 3 5.75 34 
NAS 19.86 6.90 10 14 18 25 39 
PA 36.81 7.06 16 32.75 36 41 50 
SWL 25.38 5.86 9 23 25 30 35 
O 3.14 6.57 -12 -1 2 8.5 18 
C 7.63 6.92 -14 4 8 12 24 
E 8.34 6.81 -16 5 9 13 22 
A 8.43 5.98 -11  5.5  9 13 20 
N -4.26 8.29 -24 -9 -5.5 1 15 
MK 1.22 .70 -.10 .75 1.28 1.74 2.80 
CESD 38.42 6.43 29 34 37 42 63 
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3.2 Missing Data 

 Figure 1 summarizes the frequencies of the missing data scores for each type of 

measure.  The results generally follow a bimodal distribution where individuals tended to 

either not complete any part of the task or complete it in its entirety.  In addition, the 

frequency of people who completed all the tasks tended to be higher in all of the groups.  

With the self-report questionnaire task showing the least missing data, and the Diary 

NPV task having the most.  

Figure 1 Missing Data Histograms 
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3.2.1 Individual Differences and Missing Data Correlations 

 As can be seen in Table 2, there were no significant predictors of missing data.  

The variable to come closest to significance was the variable Year , representing class 

rank.  The general relationship being that the higher the class rank the less missing data.    

 

Table 2  Demographics Missing Data Correlations 

Predictors 
 
r p-value 

 
df 

Age -0.03 0.10 69 

Year -0.07 0.07 69 
Sex -0.08 0.18 69 

PA 0.01 0.15 64 
NAS 0.00 0.94 64 

BDI -0.01 0.23 61 
SWL 0.00 0.54 65 

MK -0.01 0.26 62 
CESD 0.07 0.11 60 

O -0.10 0.07 64 
C 0.08 0.15 63 

E 0.03 0.62 62 
A -0.10 0.26 63 

N -0.03 0.49 64 

 

3.2.2 Missing Data and Time 

 For the GPS portion of the data, only 19 participants had partial missing data.  

The rest of the participants either completed the task in its entirety or didn’t do it at all.  

Figure 2, shows a trend, where as time went on, the participants who only did part of the 



47 
 

 
task were more likely to have missing data.  The χ

2   analysis, however, was not 

significant, χ2 = 3.9787, df = 3, p-value = 0.26.   

Figure 2  GPS missing data across time.   

 

 When it comes to the Diary data, most participants either did the task in its entirety, or 

didn’t do it at all.  Out of all the participants only eight of them had partial data sets for this task.  

As you can see in Figure 3, there doesn’t even seem to be a time/missing data relationship.  

Similar to the GPS analysis, the  χ
2   was also not significant, χ2 = 1.5, df = 3, p = 0.68.   
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Figure 3  Diary Missing Data Across Time. 

 

 As can be seen in Table 2, the NPV estimates are very similar across the three 

methods.  On average the participants went to between 22 and 24 places, depending on 

the method of measurement.  The standard deviation for the same time periods range 

between 9.2 and 12.7.  The GPS method consistently provided lower estimates.  
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Table 2 Descriptive statistics of the criterion variables 

 
Variable 

 
Mean 

Standard 
Deviation 

 
Min 

1st 
Quartile 

 
Median 

3rd 
Quartile 

 
Max 

GOOGNPV 23 10.10 5 16 22 29 54 
GOOGWDNPV 13.54 6.13 2 10 13 17 27 
GOOGWENPV 9.9 5.14 2 6 9 13 29 

DNPV 23.94 12.47 2 14 21.5 32 61 
DWDNPV 13.39 7.96 0 8.25 12 17 44 
DWENPV 10.75 6.26 0 6 10 15 27 
GPSNPV 22.26 9.22 6 15 21 30 42 

GPSWDNPV 13.77 5.09 4 10 14 17 28 
GPSWENPV 9.3 5.65 1 4.5 8 13.5 24 

 

3.3 Demographic Variables and NPV 

A correlational analysis was conducted to test for relationships between our 

demographics variables and the criterion variables.  As can be seen in Table 3, none of 

the demographic variables predicted any of the NPV estimates.  Since none of these tests 

were significant they were omitted from subsequent analyses.  An exploratory 

investigation into variances revealed interesting relationship between the variable Sex 

and the standard deviation of all the NPV variables.  For a visual representation see 

Figure 4. 
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Table 3 Demographics Variables Predicting NPV       

NPV Variables Age p-value Class Rank p-value Sex p-value 
GOOGWENPV 0.13 0.34 0.08 0.55 0.05 0.74 
GOOGWDNPV 0.00 0.99 0.02 0.88 -0.07 0.62 

GOOGNPV 0.06 0.65 0.04 0.76 -0.01 0.94 
GPSWENPV 0.13 0.34 0.17 0.21 0.11 0.40 
GPSWDNPV 0.00 0.98 0.12 0.36 0.03 0.81 

GPSNPV 0.07 0.58 0.20 0.12 0.07 0.60 
DWENPV 0.10 0.49 0.09 0.56 0.06 0.71 
DWDNPV 0.09 0.55 0.20 0.18 0.14 0.34 

DNPV 0.11 0.47 0.15 0.29 0.13 0.36 

 

Figure 4 NPV Standard Deviation and Sex Differences. 
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3.4 Factors 

3.4.1 Negative Affect Factor 

 Table 4 illustrates the correlations among the negative affect variables.  Almost 

all the correlations are significant.  The variable with the fewest number of significant 

correlations with the other NAF factor indicators was DWL.  The variables which it did 

not share a significant correlation with were CES-D and NAS.  Because of this weakness 

an attempt was made to add SWL to the COV factor but the correlations with those 

variables were worse.  At this point it was decided to keep DWL in the NAF factor.  

 

Table 4 Correlations Among Variables Which Make up the Negative Affect Factor. 

 BDI CES-D NAS DWL N  
 
 

BDI 

 
 

__ 

0.48 
p < 0.001 

n=71 
 

0.52 
p < 0.001 

n=74 
 

0.52 
p < 0.001 

n=75 

0.66 
p < 0.001 

n=74 

 
 

CES-D 

  
 

__ 

0.70 
p < 0.001 

n=77 

0.07 
p = 0.56 

n=77 

0.37 
p = 0.001 

n=77 
 

 
 

NAS 

   
__ 

0.20 
p = 0.08 

n=80 

0.58 
p < 0.001 

n=78 
 

 
 

DWL 

   
 
 

 
 

__ 

0.50 
p< 0.001 

n=78 
 
 

N 

     
 

__ 
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Table 5 illustrates the correlations between the negative affect factor and the 

individual indicators.  These correlations are high ranging between r = 0.61 and r = 0.91.    

 

Table 5 Correlations Between Negative Affect and its Indicator Variables. 

Variables NAF p-value N 
BDI 0.91 =0.00 79 

NAS 0.82 =0.00 81 
DWL 0.61 =0.00 82 

N 0.83 =0.00 81 
CESD 0.72 =0.00 78 

Note: The DWL variable is the Satisfaction with Life score multiplied by a negative 1.

 

3.4.2 Covitality Factor 

 Table 6 illustrates the correlations among the COV indicators.  The only non-

significant correlation among this set of variables was the Agreeableness/MK correlation.  

Although more of the correlations among these variables were significant, the 

correlations were not as high as the negative affect correlations, with only one correlation 

higher than 0.50.   
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Table 6 Intercorrelations Among Variables Which Make Up the COV Factor. 

 MK C E  A  PA  
 
 

MK 

 
 

__ 

0.49 
p = 0.00 

n=71 
 

0.29 
p=0.01 

n=71 

-0.05 
p=0.15 

n=77 
 

0.44 
p = 0.00 

n=77 

 
 

C 

   
 

__ 

0.42 
p = 0.00 

 
n=76 

0.24 
p = 0.05 

n=77 

0.49 
p = 0.00 

n=77 
 

 
 

E 

    
 

__ 

0.50 
p = 0.00 

n=76 

0.59 
p = 0.00 

n=77 
 

 
 

A 

      
 

__ 

.23 
p = 0.05 

n=80 
 

 
 

PA 

      
 

__ 

 

 The factor-indicator correlations for the COV factor favorable ranging 

between r = 0.59 and  r = 0.78, and the correlation between NAF and COV was 

significant (r = -.30, p = 0.006, n = 84).    

Table 7 Correlations between COV and the Measures Which Make it Up. 

Variables COV p-value n 
MK 0.67  =0.00 75 

C 0.74  =0.00 80 
E 0.78  =0.00 89 
A 0.59  =0.00 80 

PA 0.77  =0.00 81 
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3.5 NPV Correlations 

 The correlations among the NPV variables were all significant, though the 

correlations among the self-report methods were higher 0.56 than the GPS/self-report 

correlations 0.37 and 0.40.    

 

Table 8 Correlations Among NPV Variables 

 Google NPV GPS NPV DiaryNPV  
 
 

Google NPV 

 
 

__ 

0.37 
p = 0.004 

n=58 
CI=0.01, 0.49 

 

0.56 
p = 0.001 

n= 48 
CI= 0.35, 0.75 

 
 

GPS NPV 

   
 

__ 

0.40 
p = .004 

n=50 
CI= 0.06, 0.57 

 
 

Diary NPV 

    
 

__ 

 
Note- CI refers to the 95% confidence interval for the correlation.  

 

    The weekend NPV data shows a similar pattern when compared to the total GPS 

data. Again all of the correlations were significant and the highest correlation was 

between GOOGWENPV and DWENPV (r = 0.48) and the lower self-report GPS 

correlations equaling to r = 0.32 and 0.29.   
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Table 9 Correlations among NPV-WE variables 

 Google  
NPV-WE 

GPS 
NPV-WE 

Diary 
NPV-WE 

 
Google 

NPV-WE 

 
 

__ 

0.32 
p = 0.02 

n=52 
CI = 0.00,  0.51 

 

0.48 
p=0.00 

n= 46 
CI = 0.21, 0.68  

 
GPS 

NPV-WE 

   
 

__ 

0.29 
p = .05 

n=45 
CI = 0.00 , 0.48 

 
Diary 

NPV-WE 

    
 

__ 

 
Note- CI refers to the 95% confidence interval for  the correlation.  

 
The weekday correlation, see Table 9, shows the identical pattern, all of the 

correlations are significant and the self-report variables share the highest correlation.   
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Table 10 Correlations among NPV-WD variables 

 Google 
WDNPV 

GPS 
WDNPV 

Diary 
WDNPV 

 
Google 

WDNPV 

 
 

__ 

0.32 
p = 0.02 

n=58 
CI= -0.01, 0.43 

0.34 
p  = 0.02 

n= 48 
CI = 0.04, 0.56 

 
GPS 

WDNPV 

   
 

__ 

0.28 
p = .05 

n=50 
 

Diary 
WDNPV 

   CI = -0.06, 0.48 
 

__ 
 

Note- CI refers to the 95% confidence interval for  the correlation.  

 

3.6 Split-Plot GLM Analyses 

3.6.1 Model 1 

 In this first model, we see that the only significant predictors are COV, SID, 

Time, C1*Time, and C2* Time.  Since the variables SID, C1*Time, and C2*Time are all 

error terms within this repeated measures design, the only hypotheses which are 

supported and of interest are the COV and Time variables.   
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Table 11 Hypothesis Tests for Between-Subjects (BSS) and Within-Subjects (WSS) 
Predictors 

Type Predictor F-value NDF, DNF p-value 
BSS COV 12.23 1, 63 0.00 
BSS NAF 0.18 1, 63 0.67 
BSS COV*NAF 0.23 1, 63 0.64 
BSS SID 4.17 63, 87 0.00 
WSS Time 45.87 1, 61 0.00 
WSS C1 1.51 1,51 0.22 
WSS C2 3.23 1,51 0.08 
WSS Time*C1 0.93 1, 87 0.37 
WSS Time*C2 0.35 1, 87 0.56 
WSS Time*COV 0.10 1, 61 0.75 
WSS Time*NAF 0.82 1, 61 0.37 
WSS Time*COV*NAF 1.44 1, 61 0.24 
WSS COV*C1 0.35 1, 51 0.56 
WSS NAF*C1 0.18 1, 51 0.67 
WSS COV*NAF*C1 0.04 1, 51 0.84 
WSS COV*C2 0.62 1, 38 0.44 
WSS NAF*C2 0.01 1, 38 0.92 
WSS COV*NAF*C2 0.03 1, 38 0.85 
WSS Time*SID 1.16 61, 87 0.26 
WSS C1*SID 1.93 51, 87 0.00 
WSS C2*SID 1.83 38, 87 0.01 

*notes- Numerator Degrees of Freedom(NDF), Denominator Degrees of Freedom (DNF)

 

3.6.2 Model 2  

Since Depressed Mood was entered after COV in the first regression and there is a 

-0.30 correlation between the two factors we decided to run the regression in the opposite 

order.  As can be seen in Table 12, it did not matter which order the variables were placed 

there is not a relationship between negative affect and NPV.    
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Table 12 Hypothesis Tests for Between-Subjects (BSS) and Within-Subjects (WSS) 
Predictors 

Type Predictor F-value NDF, 
DNF 

p-value 

BSS NAF 0.13 1, 63 0.72 
BSS COV 12.29 1, 63 0.00 
BSS COV*NAF 0.23 1, 63 0.64 
BSS SID 4.22 63, 87 0.00 
WSS Time 45.87 1, 61 0.00 
WSS C1 1.51 1,51 0.22 
WSS C2 3.14 1,51 0.09 
WSS Time*C1 0.94 1, 87 0.33 
WSS Time*C2 0.35 1, 87 0.55 
WSS Time*NAF 0.66 1, 61 0.42 
WSS Time*COV 0.26 1, 61 0.61 
WSS Time*COV*NAF 1.44 1, 61 0.23 
WSS NAF*C1 0.28 1, 51 0.60 
WSS COV*C1 0.26 1, 51 0.62 
WSS COV*NAF*C1 0.04 1, 51 0.84 
WSS NAF*C2 0.06 1, 38 0.81 
WSS COV*C2 0.55 1, 38 0.46 
WSS COV*NAF*C2 0.03 1, 38 0.85 
WSS Time*SID 1.17 61, 87 0.24 
WSS C1*SID 1.95 51, 87 0.00 
WSS C2*SID 1.90 38, 87 0.01 

*notes- Numerator Degrees of Freedom (NDF), Denominator Degrees of Freedom (DNF)

 

 3.6.3 Parameter Estimates 

 The unstandardized parameter estimates for the significant predictor variables can 

be seen in Table 13.  All non-significant predictors were eliminated at this stage to 

maximize efficiency of parameter estimation (Cohen & Cohen, 1983).  Since NPV 
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estimate is not a standardized variable, but instead represents actual number of places 

visited these parameter estimates can be interpreted in the following way.  On average 

people went to 11.87 places during each of the two day periods.  Since the predictor 

variable COV was standardized for every increase or decrease in a standardized unit of 

the COV factor the corresponding participant went to 1.79 more or fewer places.  The 

variable time represents weekend and weekday the parameter estimate of -3.68 indicates 

that on average the participants went to 3.68 fewer places during the weekend.   

 

Table 13 Parameter Estimates for the Significant Variables.   

Predictor Parameter Estimate Standard Error 
Intercept 11.87 0.36 
COV 1.79 0.36 
Time  -3.68 0.53 

 

3.7 Normality Test 

 The residuals of the analysis were tested for normality.  All of the test statistics 

available under PROC UNIVARIATE in SAS were found statistically significant.  These 

results can be found in Table 14.  Although these results are significant and provide 

evidence that assumptions of the General Linear Model (GLM) were technically violated, 

this model is robust to minor violations of normality (Cohen & Cohen 1983).  A visual 

representation of the residuals, seen in Figure 5, show that the observed deviations from 

normality were relatively minor.  The statistically significant results likely reflect the 

statistics’ sensitivity to sample size (n = 318), rather than serious violations of normality.  
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Table 14 Testing Violations of Normality. 

Test Statistic p= value 

Shapiro-Wilk           W 0.95 0.04 

Kolmogorov-Smirnov     D 0.13 0.02 

Cramer-von Mises       W-Sq 0.15 0.02 

Anderson-Darling       A-Sq 0.81 0.03 
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Figure 5 Visual Representation of the Residuals for NPV. 
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CHAPTER 4: DISCUSSION 

 The GPS method for measuring NPV in this validation study performed well.  It 

demonstrated both convergent and construct validity.   

4.1 Convergent Validity 

The similarity in mean NPV scores across the three methods is one indicator of 

convergent validity.  On average, the different methods were only different by only one 

place.  The positive and significant correlations among the corresponding measures of 

NPV also support the convergent validity of the GPS measure for NPV.  As expected the 

highest correlations were shared between the self-report estimates of NPV (Google Maps 

and Diary) whereas the lowest correlations were consistently between a GPS measure and 

corresponding self-report methods.  This pattern of correlations suggests the hypothesis 

that the self-report data share methods variance.  These differences were not statistically 

different but with a higher sample size they might be, however, even if significant with a 

larger sample size the effect size of such a difference is not substantial.     

4.2 Construct Validity 

The significant relationship between NPV and COV supports the construct 

validity of all of the NPV methods.  The lack of a significant relationship between the 

predictor variables C1 and C2 and NPV reflects that the NPV methods did not differ 

significantly when it came to being predicted by COV.   This constitutes further evidence 

of convergent validity across the methods. The significant relationship of the predictor 
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variable Time and NPV only reflected a difference between the NPV during weekend and 

weekend.  The lack of a significant relationship of any of the interactions with Time (i.e. 

C1 and C2) reflects that there is no difference between the measures of NPV depending 

on the day of the week.   

The lack of a relationship with NAF is more likely a reflection of the restricted 

sample.  In retrospect, negative affect were probably not the best predictor to test the 

construct validity of GPS.  Especially since some of the relationships among depression 

scores and social or physical activity in the literature are contingent on surpassing a cut 

off score (e.g. Nezlek, Hampton, & Shean 2000).     

One goal which was not accomplished in during the implementation of this study 

which would have fixed this problem was to oversample clinically depressed individuals.  

This goal proved to be too difficult given the population and time constraints.  With only 

one person scoring above mild depression and the fact that not even the self-report 

methods of measuring NPV were predicted by NAF this lack of prediction does not 

reflect too poorly on the construct validity of implementing GPS technology in 

psychological research.  

4.3 Missing Data and Compliance 

As can be seen in Figure 1, each of the methods had varying amounts of missing 

data.  The methods where a researcher was present had the highest compliance rate (e.g. 

Self-Report Questionnaires and Google NPV), and those tasks where the researcher was 
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not at all present (i.e. GPS NPV and Diary NPV) had the worst compliance, with the 

Diary method having the worst compliance rates.   

This pattern of missing data is consistent with the following.  When participants 

were forced to interact with the researchers they were more likely to comply with the 

protocol.  The reason the Self-Report task outperformed the Google NPV task was 

probably due to fact that all participants who showed up once could have done the Self-

Report Questionnaire task, whereas the Google NPV task could only be done on the final 

day of data collection.  If they didn’t show up they could not complete the task.    

The Google NPV task was better than the Self-Report task in that every 

participant, except for one, who started the Google portion of the study, actually 

completed it.  The only participants who have missing data in this category either never 

showed up for the final day of data collection or we the researchers lost the data.  When 

people didn’t show up for the final day we only required them to returned the GPS 

device.  This process sometimes took days and sometimes weeks of tracking participants 

down.  When this happened we often didn’t collect the Google NPV data and were happy 

to have the devices returned.  

Other data was lost due to technical difficulties.   For example, sometimes the 

participant would fail to follow instructions.  The participant would complete the entire 

task and at the very end close the web browser losing all the data.  Most participants 

refused to redo the task which at times took 30 to 60 minutes to complete.   Other times 
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the research assistants would lose data in a similar manner.  The one participant who only 

completed two days of the task just didn’t want to finish after sixty minutes. 

The GPS NPV and Diary NPV tasks missing data were probably due to different 

reasons.  An exploratory examination of the GPS data revealed a potential hypothesis for 

why we had so much missing Diary NPV data.  I looked at participants’ data where we 

had complete GPS NPV but incomplete Diary NPV data.  I noticed that a few of the 

participants were not in Tucson but travelling during the days they had missing Diary 

data.  It is possible that one of the sources of this missing data is a lack of internet access 

during those days.  This anecdote suggests that if we provided individuals with smart 

phones with access to a data network we might have had more compliance with this 

method.       

4.4 What I Have Learned 

 If interested in this type of research there are several suggestions I would make.  

First, choose equipment carefully.  Not all GPS devices are created equal.  Many are 

purpose built pieces of equipment designed to do a specific task.  Make sure the 

equipment can do what the research question requires.   When it comes to capabilities 

make sure you can manipulate with the sampling rate and if your question requires long 

term tracking make sure it has power saving settings which can preserve battery life.   

In the current study, the battery life was one of the most important limitations of 

the equipment which we used.  Depending on the person’s behavior, the battery life could 
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be as short as two days.  There was no way to extend this time-frame.  Other GPS 

devices, designed for long term tracking, have a function which allows the researcher to 

manipulate sampling rates, and have the devices power off in between bouts of data 

collection.   Although we had the ability of manipulating sampling rates, the devices 

never turned off making any power saving gains associated with extending the sampling 

negligible.  Therefore, we chose to not extend the sampling rate and opted for the most 

fine grained sampling rate possible.    

 The second suggestion is to consult people with GIS experience or invite them to 

collaborate on the project.  To put it simply, psychologists aren’t trained in this area and 

there is a steep learning curve.  In my opinion, I spent too much time learning about how 

to deal with the data.  Questions like, what is a map projection and how will it impact my 

analysis, plagued me during the development phase of this study.  For example, what is 

the difference between these two values 32.263, -110.977 and N 32° 15' 46.7994", W -

111° 58' 37.2"?  Only the notation, they represent the same location on Earth.  If the GPS 

device produces the value in degrees (e.g. N 32° 15' 46.7994", W -111° 58' 37.2"), will 

your computer program actually recognize this notation.  If not, how do you transform it 

to decimal notation?    Once you have the proper notation your computer program can 

read, is latitude and longitude appropriate for your analysis?  This is where the type of 

map projection becomes important, since the actual distance spanning one degree of 

longitude changes for different latitudes.  The farther away from the equator the shorter 

that distance becomes.  If you’re calculating areas, this becomes important since the area 
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of a square is length times width only if length and width are measured in the same 

metric.   

In order to get them on the same metric you might want to use the UTM map 

projection.  This map projection measures latitude and longitude in meters by breaking 

down the Earth’s surface into 60 zones which overcomes the curvature of the Earth 

problem by sometimes overlapping adjacent zones.  The previous location would be 

written in the following way 15S 303705 mE (Meters East) 431471 mN (Meters North). 

The prefix 15S designates which zone.  The prefix may or may not be important 

depending on the location being studied.   

Once on the appropriate map projection, the question remains what to do with the 

data.  Even though no significant GIS statistics were used in this study, I literally spent 

years learning several statistical and mapping techniques.  This time would have been 

better spent recruiting a collaborator and working on what I was trained to do.    

4.5 Study Weaknesses 

 Raw GPS data do not distinguish between types of places, or types of interactions. 

For example, many of the studies reporting relation between quantity of behavior and 

depression made distinctions between social and physical activities.  It is conceivable that 

this method could provide a crude measure of social activity by categorizing types of 

places as social places. For example, bars, bars, coffee shops, and classrooms can 

represent non-social activities whereas homes might represent solitary or familial 
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behavior. This problem of categorizing places might be overcome in future research by 

adding extra technology.  For example sound recording technology such as the 

techniques developed by (Mehl et. al. 2001) could be carried in conjunction with the GPS 

device.   

 The amount of physical activity could be addressed by counting physical activity 

such as walking and riding bicycles, by investigating the speed of travel.  Pilot research 

has been conducted which might enable such an analysis on this data set, however, such 

an analysis will prove to be time extremely time consuming since it entails analyzing 

each participant’s behavior separately.  

One of the major weaknesses of the GPS device is that it doesn’t record if the 

person forgot to carry the GPS device. It is clear that participants did forget to carry the 

device.  In some cases, participants informed the research team verbally and in others the 

discrepancy between self-report and the GPS data makes it easy to conclude that the 

person left the phone at home.  For example, the participant may have reported that s/he 

had a very active weekend; however, the GPS data reflect that the person stayed at home 

all weekend.  The data reflect this possibility.  The mean number of places visited by 

individuals according to the self-report data was between twenty three and twenty four 

places while the GPS had a mean a little over twenty two places.  Unless the participants 

are over reporting the number of places they went to, it is more likely that the participants 

just forgot their device.  However, the possibility remains that the GPS method of 

estimating NPV is systematic underestimate maybe counting a stop of ten minutes as a 
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place might be too stringent.  For example, a participant might run into a building stay for 

five minutes, and leave.  The current method for extracting NPV would miss this stop and 

not be counted as a place while the participant might count it in the self-report methods.        

In retrospect, it is clear that an end of study questionnaire should have been added 

to the design.  It could have asked the participants if they forgot to carry the GPS device 

and when.  This information could have been useful and allow the possibility of 

systematically and with justification to omit data which underestimates the participant’s 

behavior rather than include error data which suggests that the participant stayed at home 

all weekend in the analysis.   

4.5.1 Reactivity 

An alternative hypothesis for this pattern of convergent validity results is that 

carrying a GPS device influenced the measurement of the other NPV variables.  Due to 

ethical considerations, all the participants were informed that the black box they were 

asked to carry was a tracking device.  It is entirely possible that, this information along 

with the constant reminder of carrying the device could have had reactive properties 

influencing these results.  One possible mechanism for this reactivity is that carrying this 

device was a constant reminder of spatial nature of the study they were participating in.  

This added attention could have increased the participant’s ability to remember their 

spatial locations.  If this hypothesis is valid, it would inflate the convergent validity 

estimates.  Unfortunately, the study was not designed to test for this potential confound.   
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Although this alternative hypothesis is possible evidence from other types of remote data 

collection suggests that carrying similar devices are not reactive (Mehl et. al. 2001).   

4.6 Future Directions 

Although this analysis concentrated on NPV the true potential of this technology 

has not been explored using these data.  This was done for two reasons.  First, each of 

these extra steps are extremely time consuming and are more appropriate for a more 

exploratory analysis of this data set, and second this was done in order to directly 

compare GPS capabilities with self-report data.  Work has already begun on preparing the 

data for further analysis.   Once the data are ready for analysis, home-ranges for each 

individual along with distances travelled.  More work will be done to develop reliable 

ways to define types of mode of transportation in a less labor intensive manner.  These 

variables will then be used to predict the same COV and NAF variables.   

4.7 Conclusion 

GPS technology performed relatively well in this validation study.   It had 

statistically significant convergent validity coefficients with two measures of self-report 

which asked about the same behaviors over the same period of time, and measured in the 

same units.  The construct validity of this method performed just as well as the self report 

methods of measuring NPV given that the C1 variable or any of the tested interactions 

with that variable were not significant.  This indicates that any differences between the 

methods were likely due to error and not bias.   
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If any of these methods were different due to a bias or the measurement error 

associated with one of the methods was substantially different than the other two 

methods, the correlations between it and the other methods should differ from correlation 

between the two other methods.  For example, if the self-report methods measure NPV 

with less error than the GPS method, the correlation shared by the self-report methods 

should differ substantially from the two correlations shared by the GPS method and each 

of the two self-report methods. The data do not support a conclusion that one method 

outperforms the other in these terms.  If the 95% confidence intervals of the Total NPV 

correlations are compared (see Table 10), the confidence intervals overlap substantially, 

however the statistical power in this analysis is low and a different result might happen if 

a larger sample is recruited.   

The highest correlation among the Total NPV measures was r = 0.56 and this 

may include shared method variance.  This leaves room for improvement when it comes 

to measurement.  At this point it is not clear that the GPS method necessarily outperforms 

the more traditional self-report methods. As previously stated, it was found that one of 

the main weaknesses of the GPS method which can be improved is the detection of 

whether or not someone is carrying the device.   

This problem can be fixed in any number of ways.  As previously stated, you can 

include an exit interview asking the participant whether they forgot it, however, if self-

report is to be avoided other options need to be developed.  These include strapping the 

device to the participants as it is done in animal research, or integrating the method with 
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other technologies.  I’m sure that ethics committees might not appreciate the first option 

but the other options might be considered ethical.  These other technologies may include 

integrating a pedometer, or accelerometer which records both movement and a time 

stamp.  With this information it would be possible to detect whether a device has moved 

over a period of time.  Even if a person decides to stay home all weekend the person 

should still move.  A pedometer or accelerometer can inform the researcher that no 

movement took place.  From this information, the researcher can conclude that the person 

didn’t carry it for that timeframe.  Still another possibility is to include the EAR, and not 

only use the voice information as a measure of type of interaction but use the lack of 

voice recording as an indicator of not being carried.    

The capabilities of this method have not yet been fully explored.  It may provide a 

series of measures of different types of behavior which can be included in studies and 

provide the capability to run a multi-method study.   



73 
 

 
APPENDIX A: 

EXAMPLE OF NUMBER OF PLACES VISITED (NPV) QUESTIONNAIRE: DIARY 

METHOD 
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Day 1, Question 1. * How many different buildings did you visit today? If you visited the 
same building more than once at different times, count it as many times as you visited it. 
For example, if you left your home in the morning and returned at night, count the home 

location twice.  
 
Day 1, Question 2. * How many of these places were visited due to work or school 

schedule  
 
Day 1, Question 3. * How many of these places were visited for personal reasons (e.g. 

visit friends, go home, gym etc.)?  
 
Day 1, Question 4. * Indicate if this was this a typical weekday? If you answer is no 
move on to the next three questions.  

• Yes 

• No 

 
Day 1, Question 5. If today was not typical, how many places would you normally visit? 

 
 
Day 1, Question 6. How many would you normally visit due to work or school 

schedules?  
 
Day 1, Question 7. How many would you normally visit for personal reasons (e.g. visit 
friends, go home, gym etc.)? 
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APPENDIX B: 

 
EXAMPLE LandSeaAir ACTIVITY REPORT 
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APPENDIX C: 

LandSeaAir TRACKING KEY SOFTWARE 
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The arrow points a black object 
representing the individual in both space 
and time. 

This clock and 
speedometer 
was used to 
evaluate if a 
stop is a place. 

The Red, Pink and Blue lines represent 
the route and the speed taken. Red is 
slow/walking, blue is city driving speed, 
and pink is highway speeds or faster. 
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APPENDIX D : 

UNIVERSITY OF ARIZONA – HUMAN SUBJECTS PROTECTION PROGRAM 

APPROVAL LETTER 
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APPENDIX E: 

UNIVERSITY OF ARIZONA – HUMAN SUBJECT INFORMED CONSENT FORM 
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