Description of Technology and Methods Papers
To support further phone-GPS research and navigation of our database, we describe our approach to grouping papers and illustrate each of seventeen categories within this classification scheme by describing typical papers in each category. A database of all papers in this review and their classifications are provided as supplemental materials (Supplementary Fig. S1). 

Technology Papers
The first major grouping is “Technology”. Overall Technology papers were those that focused on the collection, computation and hardware involved in collecting and using phone-GPS data. We then grouped these paper into which includes five sub categories: 
Spatial behavior sensing application papers present new applications that record GPS data using smartphones. Though these studies occasionally include a user study they do not focus on analyzing the data recovered from the application to understand questions about human spatial behavior, instead they focus on the use and viability of the application for research. Such applications have varied uses for researchers in their ability to simultaneously record other sensor data, engage the participant, prompt user engagement or influence user behaviors. Topics that these papers present applications include: zoo visitor behavior (Michel, 2007), public transit (Balagapo, Sabidong, & Caro, 2014), road traffic (Sen, 2014), and safe routes for elderly (Alemán, Sanchez-Pi, & Bicharra Garcia, 2015).
[bookmark: _GoBack]Environmental sensing application papers present new applications for using GPS data from smartphones in combination with other sensors to evaluate environmental features or characteristics. These papers focus on environmental features such as the location of parking spaces (Cherian, Luo, Guo, Ho, & Wisbrun, 2016), earthquake detection (Kong et al., 2015) or tagging tree locations (Demetillo, Japitana, & Norca, 2015). Much of the work done in participatory sensing and citizen science has focused on the development and use of this type of application (Khan, Xiang, Aalsalem, & Arshad, 2013). 
Computational platforms or frameworks research focuses on providing computational structure and organization for the collection, sharing, amalgamation or storage of GPS Smartphone data. These can also include on-the-fly analysis that enable the data to be viewed and used interactively in real time (Fallis, 2013). Platforms or frameworks may include data retrieval schemes or networks for geographic data (Lantz et al., 2015). They may also provide computational methods for identifying multiple data features such as missing data, or outliers (Zhou & Yang, 2011). Some platforms provide real-time processes for identifying crowd behavior (Guo et al., 2015), changes of state (Wu, Lemaire, & Baddour, 2011), or transportation mode detection (Shin, Arisona, Georgakopoulou, Schmitt, & Kim, 2013). Notable to this area of research is the development of systems for protecting participant privacy which can occur before data extraction (Sabarish, Divya, Shankar, & Pradisa, 2015). This classification focuses on the development of methods to be applied before data extraction, as opposed to the category of “data classification method” which provide researchers with methods to analyze and classify data after the data has been extracted from the smartphone. Although there is likely to be overlap between these groupings. 
Improving location accuracy research focuses on the development of technologies for improving the positional accuracy of Phone-GPS data (Fujii, Ogawara, Hatano, & Watanabe, 2013). Some of these papers focus on indoor positioning (Kang & Han, 2015), urban canyons (Hsu, Gu, & Kamijo, 2016), or dense buildings (M. Lu, Chen, Shen, Lam, & Liu, 2007). While papers we categorized as “data collection studies” also focus on location accuracy, they do not provide new software or hardware for improving location positioning technologies. Instead they focus on the comparison of collection tools and methods for compensating for specific technical challenges.
Optimizing sensing papers provide systems for improving efficiency of the sensing system. Many of the papers we found focus on developing improved methods for sustaining battery life (Bhattacharya, 2011), or overall efficiency of the systems (Papandrea & Giordano, 2012). Some papers focus on improving overall sensing qualities (O’Grady et al., 2016; Tawalbeh, Basalamah, Mehmood, & Tawalbeh, 2016; Zhen & Qiang, 2014).
Methodology Papers
Papers in the following grouping present new methods for collecting, analyzing and presenting Phone-GPS data in research.
Data classification methodology papers present methods for identifying and classifying data to be used in analysis. Such classifications include identifying predictable movement, inactivity or spatiotemporal signals from GPS data, such as: daily activity patterns (Kim et al., 2014), transportation mode (Yang, Yao, & Jin, n.d.), crowd behavior (Fan, Song, Shibasaki, & Adachi, 2015), dwellings (Brouwers, 2011), transportation mode (Nitsche, Widhalm, Breuss, Brändle, & Maurer, 2014) or life patterns (Witayangkurn, Horanont, Shibasaki, & Shibasaki, 2013). These papers may also provide methods for preparing data to be classified and handled properly such as random sampling, filtering or sorting of data. While many of these papers use data mining (Xie, Ji, Yue, & Zuo, 2011) as tools for such classifications, some use other inferential methods such as Bayesian Networks (Xie et al., 2011), or visualizations (Sainio, Westerholm, & Oksanen, 2015) to identify these characteristics in the data. 
User adoption studies focus on factors the effect user adoption of the data collection method or related application. These studies reported primarily on how users responded to the data or application (J. Hardy et al., 2018), or how willing they were to carry a device (Safi, Assemi, Mesbah, & Ferreira, 2017), or enter personal data (A. Hardy et al., 2017) such as photographs (Alt, Shirazi, Schmidt, Kramer, & Nawaz, 2010) into a data collection application. Some studies compare various collection methods such as travel surveys (Safi et al., 2017), in terms of participant’s willingness to provide appropriate data. 
Statistical methodology papers primarily present new or adopted analysis methods, often presenting more than one method and using a study sample to compare the accuracy or benefit of each method’s results. Some of these papers also focus on map matching (Algizawy, Ogawa, & El-Mahdy, 2017; Bang, Kim, & Yu, 2016) of GPS tracking data to previously recorded topographical data in order to measure the accuracy of maps, or explores how to use the data for defining roads or pathways (Byon & Liang, 2014). Some of these studies may focus on human mobility modeling (Cuttone, Lehmann, & Larsen, 2014), or provide algorithms for the clustering of data using new statistical methods (Thomas, Gennady, & Natalia, 2014).
Data collection studies present tools or methods for collecting Phone-GPS data. These papers may also present a study to compare the technical aspects of data collection often using location accuracy (Shareck, Kestens, & Gauvin, 2013; Wan et al., 2013) as a measure of reliability. Some studies also present data management frameworks (Witayangkurn, Horanont, & Shibasaki, 2013) related to evaluating the collection method using different measures of data verification. Other examine the effectiveness or accuracy of analyzing Phone-GPS data vs Travel Survey data (Patterson & Fitzsimmons, 2016).
Reviews are summaries of previous research on a related topic such as sensing (Lane et al., 2010) or using the data in a specific domain such as tourism (Shoval & Ahas, 2016) as well as a theoretical discussion of the methods (Riley et al., 2011), their applications, the challenges and opportunities of the field of GPS smartphone sensing (Y. Lu & Liu, 2012). These review papers may also provide a general overview of a disciplinary approach (Shoval, Kwan, Reinau, & Harder, 2014), and future opportunities for the subject in academic research (del Rosario, Redmond, & Lovell, 2015).
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