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My research interests spans across three fields: Human 

Computer Interaction (HCI), Information and 

Communication Technology for Development and 

Computer Science. Specifically, I am interested in 

research that relates to application of sensor-based 

technologies in resource poor settings like rural Kenya 

and Malawi. Recently, I developed a sensor-based 

technology probe with the aim of exploring domestic 

security in rural Kenya. The probe consisted of a sensor 

that detects movement and send a message to 

participant’s mobile phones. I used the data I collected 

to write my master’s thesis and wrote a paper that was 

accepted for presentation and publication at CHI 2018 

in Montreal. I intend to extend this project into my PhD 

research by incorporating participants’ reflections in my 

future research  

During the past two years, I have been working as a 

research assistant for Dr. Susan Wyche focusing on 
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HCI4D and ICTD. Through this assistantship, I have 

participated on different research projects in rural 

Kenya including use of solar power and everyday 

sustainable practices in rural Kenyan households and 

also exploring how rural Kenyan communities reuse, 

repair and breakdown materials.  

Research Context and Motivation 

My research is motivated by growing challenges that 

impede long term use of sensor-based technologies in 

African rural households. Growing up in Africa, I have 

experiences of some of the challenges that should be 

addressed to ensure successful use of technology in the 

home. Among others, these challenges include 

intermittent power failures, high percentage of 

population that is off-grid, poor Internet connectivity 

and cultural beliefs [22].  

Despite these challenges, the exponential growth of 

mobile phone adoption in rural African homes like rural 

Kenya can be taken as a stepping stone to integrate 

sensor-based technologies in rural homes [22]. My 

research is driven by the growing interest of using 

technology in rural African households which foretells 

that there is a potential of adopting sensor-based 

systems to advance the standards of living in rural 

African homes. Through this existing potential, my 

research aims at understanding different patterns in 

rural African communities that would inform the design 

of sensor-based systems to suit their conditions.  

Research goals  

The goals of my research include the following: 

1. To understand better ways of integrating 

sensor-based systems with mobile applications 

that are widely used in developing countries 

like mobile money and SMS based text 

messages 

2. To explore unexpected outcomes of deploying 

sensor-based systems in rural Kenyan 

households that will inspire the design of 

applications that can be used successfully in 

African rural homes. 

3. To engage Kenyan rural residents in the 

process of designing sensor-based systems for 

household use 

4.  To explore constraints that might be 

encountered in using sensor-based 

technologies systems in Kenyan rural 

households 

State of the art in terms of prior research? 

Sensor-based technologies are providing new ways to 

augment human interactions with materials [20]. 

Findings from prior research suggest that new 

applications based on sensors have improved the way 

of life: networks to support agricultural production 

[14], sensing systems for real world applications in 

health [3,10,11,26,27], embedded chips on appliances 

like kettles to support communication among family 

and friends in the UK [2] and sensor-based 

technologies for learning about outdoor environments 

[19]. 

Within HCI and Ubicomp there have been numerous 

studies that have focused on sensor-based technologies 

[4–6,13,17]. For example, through the Aware Home 

Research Initiative, Kientz et al. evaluated user 



  

experiences with sensor-based applications in order to 

develop applications that solve users’ needs in the 

home [17]. This is one of the leading examples of 

research activities that focus on sensor-based research 

in the home. Through this project, it was proposed that 

the design of smart home applications should start with 

gathering requirements from inhabitants of the homes 

through formative methods. Crabtree and Tolmie 

explored how non-digital materials in the home can be 

incorporated with digital materials. With sensors, 

almost everything can be connected to a network thus 

looking at things that have not been made digital is 

very important [6].  

Home sensor-based systems have been designed [15] 

mostly rely on broadband internet services to provide 

feedback to users whenever crime is detected [15]. As 

such, this only works better in areas where broadband 

Internet services are highly available. In areas like rural 

Kenya, it would be difficult to use Internet based home 

security systems due to poor connectivity [22]. A 

review of prior work on sensors for security suggests 

that sensor-based system that would work on GSM 

network were only used for research purposes [15]. 

Research investigating sensor-based technologies in 

developing regions are few, despite their potential for 

addressing problems. However there are exceptions. 

For example sensors have been used to; protect cattle 

from theft [19] and track goods on transit using GPS 

[7]. For instance, RFID based sensors have been used 

to track export cargo from factories to the frontier 

offices. A great impact in reducing diversion of goods in 

transits was realized after using RFID technologies 

[23]. Additionally, in Kenya there have been substantial 

advances where sensors are attached to animals in 

order to track their movement. Sensor-based 

technologies can be used in rural areas where livestock 

are free range. Sensors would be used in this case in 

order to track livestock thereby keeping them within 

their grazing area [8]. This is very important for a small 

scale farmer in developing countries because other than 

cattle, most the animals in those regions are free 

range. As such, once a livestock has been stolen, it can 

be easily tracked [1]. 

Mainly, the use of sensors in most developing regions 

have been realized at institutional level rather than at 

household level. For example, in agriculture sensors 

have been deployed in Africa to improve agricultural 

products. Masinde et al. described how the adoption of 

mobile phones and wireless sensor-based technologies 

are being used in Africa to provide immediate weather 

information to farmers [21]. Their findings revealed 

that local collection of weather data using sensors 

provide a better way of delivering information to local 

communities through their mobile phones. The positive 

impact of this research on rural communities cannot be 

questioned however their approach did not provide a 

direct interaction between sensors and users. The 

sensors that collected weather data were not under the 

control of residents: residents were just recipients of 

weather information through their mobile phones. This 

approach has been used in many projects on sensors 

across Africa [12,25]. There is a need to deploy sensors 

directly in rural African households and understand how 

residents can interact with them and their impact.  

Research approach 

My research approach is mainly inductive which utilizes 

qualitative research methods that helps me to build 

trust and good rapport with participants; understand 



  

general background of the area; and understand 

participants’ experiences and reflections of the 

technology under investigation. Qualitative research 

methods that helps me in achieving these goals include 

in-depth interviews, observations, field notes, 

technology probes, diary studies and follow-up 

interviews. 

I use in-depth interviews and observations at the 

beginning of my study in order to understand my 

participants’ background and establish a good rapport. 

Then I deploy a technology probe in participants’ 

homes so that participants can experience how the 

system works and use it for different purposes in their 

households. I use technology probes because this 

approach combines the social science goal of collecting 

data, engineering goal of field testing products and a 

design goal of inspiring users and designers to think of 

new kinds of technology to support their needs and 

desires [16]. To fully understand participants’ 

experiences during the time of deployment, I use diary 

studies that allow participants to record their daily 

experiences and reflections. This method helps me to 

collect data even when I am not available [24]. To 

ensure that participants are recording information on 

daily basis I provide them with guidelines to follow 

when recording information and I also send them 

incentives on weekly basis.  

Finally, I use follow-up interviews at the end of the 

study. These interviews consist of some questions and 

probes that helps me to understand participants’ 

reflections of the system under study. Using these 

various methods helps me to validate data collected 

through data triangulation during analysis.  

Findings 

The use of a sensor-based home security system as a 

technology probe successfully worked as it prompted 

different reactions beyond my expectations. 

Participants used the system for different purposes in 

their homes like monitoring their poultry as well as 

monitoring their family members. Additionally, the 

probe provoked participants to reflect about other 

application of sensors in their homes.  

Findings from my previous research also suggested that 

sensor-based security system are important in fostering 

neighborhood cohesion in rural Kenyan households. For 

example, when our participants received alerts from 

the system while they are not at home, they called 

their neighbors to find out what is going on in their 

homes. This supports prior research that recommend 

use of technologies that support neighborhood cohesion 

to reduce burglary. 

Unlike in industrialized countries where crime detection 

measures like alarms and cameras do not dissuade 

thieves [9], crime detection measures helps in 

deterring burglary in rural Kenya. From my prior study, 

participants consistently indicated that thieves are 

scared by measures that alert homeowners about theft 

like alarms and lights. For this reason, participants 

recommended that our next version of the probe should 

also include alarms and cameras.  

Participants also had different experiences with the 

system during the four week course of deployment. 

Chronologically, these experiences consisted of 

moments of excitement, frustration, acceptance, and 

appreciation. Diary study entries suggested that at first 

participants were excited to have the system however 



  

after a week participants experienced some frustrations 

due to charging problems and frequent alerts. During 

the last week of the study, participants found their way 

to overcome these challenges. For example to avoid 

frequent alerts they could only switch on the system 

when no one is at home or when they were going to 

sleep.  

Research Status 

Based on findings from my previous research, I am 

working on an improved version of the sensor-based 

technology probe I used last time. This system will be 

incorporated with new functionalities that will allow 

systems in the same neighborhood to communicate 

with each other in critical conditions thereby fostering 

neighborhood cohesion already existing measures like 

‘the Nyumba Kumi’ (Swahili word for ten houses) 

project (for more about ‘Nyumba Kumi’ see [18]). 

Additionally, other features like alarms will be added to 

system based on participants’ previous reflections and 

experiences. I will return to Kenya in summer 2018 

with the improved version to understand how 

participants will experience it thereby extending this 

research. 

Research Contributions 

This project contributes to HCI by demonstrating the 

potential uses that sensor-based technologies can have 

for improving domestic security in rural Kenya. Beyond 

that, the use of this research also allows participants to 

reflect on other ways sensors can be useful in their 

homes. The technology probe’s capacity in encouraging 

participants to think about other applications of sensors 

in their homes helped in opening more opportunities for 

further research related to sensors in rural Kenyan 

households. 

 

References 

1. Heike Baumüller. 2013. Mobile technology trends 

and their potential for agricultural development. 

Browser Download This Paper. 

2. Margot Brereton, Alessandro Soro, Kate Vaisutis, 

and Paul Roe. 2015. The messaging kettle: 

Prototyping connection over a distance between 

adult children and older parents. In Proceedings of 

the 33rd Annual ACM Conference on Human 

Factors in Computing Systems, 713–716. 

https://doi.org/10.1145/2702123.2702462 

3. Ke-Yu Chen, Shwetak N Patel, and Sean Keller. 

2016. Finexus: Tracking precise motions of 

multiple fingertips using magnetic sensing. In 

Proceedings of the 2016 CHI Conference on Human 

Factors in Computing Systems, 1504–1514. 

https://doi.org/10.1145/2858036.2858125 

4. Eun Kyoung Choe, Sunny Consolvo, Jaeyeon Jung, 

Beverly Harrison, Shwetak N Patel, and Julie A 

Kientz. 2012. Investigating receptiveness to 

sensing and inference in the home using sensor 

proxies. In Proceedings of the 2012 ACM 

Conference on Ubiquitous Computing, 61–70. 

https://doi.org/10.1145/2370216.2370226 

5. Eun Kyoung Choe, Bongshin Lee, Matthew Kay, 

Wanda Pratt, and Julie A Kientz. 2015. SleepTight: 

low-burden, self-monitoring technology for 

capturing and reflecting on sleep behaviors. In 

Proceedings of the 2015 ACM International Joint 

Conference on Pervasive and Ubiquitous 

Computing, 121–132. 

https://doi.org/10.1145/2750858.2804266 



  

6. Andy Crabtree and Peter Tolmie. 2016. A Day in 

the Life of Things in the Home. In Proceedings of 

the 19th ACM Conference on Computer-Supported 

Cooperative Work & Social Computing, 1738–1750. 

https://doi.org/10.1145/2818048.2819954 

7. Ben Crow, James Davies, Susan Paterson, and Julio 

Miles. 2013. Using GPS and recall to understand 

water collection in Kenyan informal settlements. 

Water international 38, 1: 43–60. 

8. Nomusa Dlodlo. 2015. The Internet of Things in 

Agriculture for Sustainable Rural Development.  

9. Sheena Lewis Erete. 2013. Protecting the home: 

exploring the roles of technology and citizen 

activism from a burglar’s perspective. Proceedings 

of the {SIGCHI} Conference on Human Factors in 

Computing Systems: 2507–2516. 

https://doi.org/10.1145/2470654.2481347 

10. Mayank Goel, Elliot Saba, Maia Stiber, Eric 

Whitmire, Josh Fromm, Eric C Larson, Gaetano 

Borriello, and Shwetak N Patel. 2016. Spirocall: 

Measuring lung function over a phone call. In 

Proceedings of the 2016 CHI Conference on Human 

Factors in Computing Systems, 5675–5685. 

https://doi.org/10.1145/2858036.2858401 

11. Mayank Goel, Chen Zhao, Ruth Vinisha, and 

Shwetak N Patel. 2015. Tongue-in-Cheek: Using 

Wireless Signals to Enable Non-Intrusive and 

Flexible Facial Gestures Detection. In Proceedings 

of the 33rd Annual ACM Conference on Human 

Factors in Computing Systems, 255–258. 

https://doi.org/10.1145/2702123.2702591 

12. Barry Haack. 1996. Monitoring wetland changes 

with remote sensing: an East African example. 

Environmental Management 20, 3: 411–419. 

13. Steven Houben, Connie Golsteijn, Sarah Gallacher, 

Rose Johnson, Saskia Bakker, Nicolai Marquardt, 

Licia Capra, and Yvonne Rogers. 2016. Physikit: 

Data engagement through physical ambient 

visualizations in the home. In Proceedings of the 

2016 CHI Conference on Human Factors in 

Computing Systems, 1608–1619. 

https://doi.org/10.1145/2858036.2858059 

14. Steve Howard, Jesper Kjeldskov, and Mikael B 

Skov. 2007. Pervasive computing in the domestic 

space. Personal and Ubiquitous Computing 11, 5: 

329–333. https://doi.org/10.1007/s00779-006-

0081-8 

15. Huiping Huang, Shide Xiao, Xiangyin Meng, and 

Ying Xiong. 2010. A remote home security system 

based on wireless sensor network and GSM 

technology. In Networks Security Wireless 

Communications and Trusted Computing 

(NSWCTC), 2010 Second International Conference 

on, 535–538. 

16. Hilary Hutchinson, Wendy Mackay, Bo Westerlund, 

Benjamin B Bederson, Allison Druin, Catherine 

Plaisant, Michel Beaudouin-Lafon, Stéphane 

Conversy, Helen Evans, and Heiko Hansen. 2003. 

Technology probes: inspiring design for and with 

families. In Proceedings of the SIGCHI conference 

on Human factors in computing systems, 17–24. 

https://doi.org/10.1145/642611.642616 

17. Julie A Kientz, Shwetak N Patel, Brian Jones, E D 

Price, Elizabeth D Mynatt, and Gregory D Abowd. 

2008. The georgia tech aware home. In CHI’08 

extended abstracts on Human factors in computing 



  

systems, 3675–3680. 

https://doi.org/10.1145/1358628.1358911 

18. Eric Mutisya Kioko. 2017. Conflict Resolution and 

Crime Surveillance in Kenya: Local Peace 

Committees and Nyumba Kumi. Africa Spectrum 

52, 1: 3–32. 

19. Nir Kshetri. 2017. The economics of the Internet of 

Things in the Global South. Third World Quarterly 

38, 2: 311–339. 

https://doi.org/10.1080/01436597.2016.1191942 

20. Stacey Kuznetsov, William Odom, James Pierce, 

and Eric Paulos. 2011. Nurturing natural sensors. 

In Proceedings of the 13th international conference 

on Ubiquitous computing, 227–236. 

https://doi.org/10.1145/2030112.2030144 

21. Muthoni Masinde, Antoine Bagula, and Nzioka J 

Muthama. 2012. The role of ICTs in downscaling 

and up-scaling integrated weather forecasts for 

farmers in sub-Saharan Africa. In Proceedings of 

the Fifth International Conference on Information 

and Communication Technologies and 

Development, 122–129. 

22. San Murugesan. 2013. Mobile apps in Africa. IT 

Professional 15, 5: 8–11. 

23. Joseph K Siror, Liang Guangun, Pang Kaifang, 

Sheng Huanye, Wang Dong, Shanghai Jiao, and 

Dongchuan Road. Impact of RFID Technology on 

Tracking of Export Goods in Kenya 2 . Related 

Works. 190–199. https://doi.org/10.4156/jcit.vol5. 

24. Timothy Sohn, Kevin A Li, William G Griswold, and 

James D Hollan. 2008. A diary study of mobile 

information needs. In Proceedings of the SIGCHI 

Conference on Human Factors in Computing 

Systems, 433–442. 

25. Nathan Vogt, Joseph Bahati, Jon Unruh, Glen 

Green, Abwoli Banana, William Gombya‐

Ssembajjwe, and S Sweeney. 2006. Integrating 

remote sensing data and rapid appraisals for land‐

cover change analyses in Uganda. Land 

degradation & development 17, 1: 31–43. 

26. Eric Whitmire, Laura Trutoiu, Robert Cavin, David 

Perek, Brian Scally, James Phillips, and Shwetak 

Patel. 2016. EyeContact: scleral coil eye tracking 

for virtual reality. In Proceedings of the 2016 ACM 

International Symposium on Wearable Computers, 

184–191. 

https://doi.org/10.1145/2971763.2971771 

27. Chen Zhao, Sam Yisrael, Joshua R Smith, and 

Shwetak N Patel. 2014. Powering wireless sensor 

nodes with ambient temperature changes. In 

Proceedings of the 2014 ACM International Joint 

Conference on Pervasive and Ubiquitous 

Computing, 383–387. 

https://doi.org/10.1145/2632048.2632066 

 

 


