
 

Exploring the role of Prospective 
Memory in Location-Based Reminders 

  
Abstract 
Ubiquitous technology has prompted the use of 
location-based reminders (LBRs) to help people 
remember to do things while being away from their 
desks. However LBRs are still not an effective tool for 
mobile users. Our work explores how to make LBRs 
better by using theories of memory, in particular 
prospective memory, and treating the system that 
captures the LBRs as an external memory aid. With the 
knowledge from these two pre-existing literature 
(prospective memory and external memory aids), we 
set out to explore how to influence the design and the 
use of LBRs. In this paper, we propose a framework 
that uses knowledge and principles from cognitive 
psychology and present how we might be able to 
improve LBRs. Our ultimate goal is to facilitate human 
memory recall for prospective tasks. 
 
Introduction 
Ubiquitous technology today allows people to record 
many life moments and use these recorded 
experiences. Back to 1945, Vannevar Bush proposed 
the concept of a personal device, Memex [3]. It 
involved a mechanized private file library with the 
purpose to support human memory. Inspired by his 
idea, Gemmell et al. [14] developed a technique to 
record people life experiences passively and easily. The 
recorded information could then be used to help people 
with memory recall and with gaining insights of 
personal life. Czerwinski et al. [6] mentioned that the 
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existence of ubiquitous technology aims to support 
people’s ability to recall and retrieve information more 
effectively. They suggested that the recorded 
information might be able to be marked for 
remembering future events. 

Different kinds of tools have been developed to support 
human remembering and to better manage the 
recorded information. People have to remember many 
things to do at work, at home or even on the way, such 
as remembering to buy milk on the way back home 
when near the grocery store. Tools that particularly 
help people remember future to-do things are widely 
known as reminders. Typical use of reminders in 
people’s daily life include setting calendar alerts, 
making to-do lists, writing notes, sending emails to self 
and so on. With the advent of smart phones and 
advanced communication technology, reminders can 
also be triggered based on people’s physical locations. 
The reminders can be triggered when people are 
entering (or exiting) the “geofence” around a specified 
location. This type of reminder has been considered as 
location-based reminders (LBRs) [23]. 

With the increase in information overload, people rely 
heavily on reminders. Remembering to perform an 
intended task in the future involves human prospective 
memory [11]. Schacter pointed out that memory is 
fallible [30], and often, forgetting to-do things can get 
people in trouble. Several researchers have been 
studying prospective memory theory and developed 
tools to aid human memory or remedy daily memory 
problems [7,21,28,35]. As a result, people rely heavily 
on external reminders to assist them recall to-do things 
at the right time. 

However, LBRs sometimes fail to delivery the reminder 
message accurately. People get frustrated when they 
are not reminded at the right moment. One of the 
research challenges in studying LBRs is how to set up a 
delivery point to effectively remind people to do the 
task. Some research has contributed to address this 
challenge [20,22,23,31,33,36], but because of the 
complex changing environment, it is still considered as 
a research problem. 

Our work aims to extend the LBRs to be a new form of 
external memory aid. We propose a framework that 
explicitly applies memory theories into the technical 
design of LBRs. The goal is to help people recall to-do 
tasks in a context-driven way. By applying basic 
research findings from psychological research on 
prospective memory, we would like to restructure the 
LBRs encoding process, so the use of LBRs can better 
facilitate human memory recall. 

Related Work 
Human memory 
Human memory is a vast research field. Researchers 
typically differentiate short-term memory from long- 
term memory, and describe working memory as an 
active-inactive memory phenomenon. Another memory 
classification refers to the difference between 
retrospective and prospective memory. These two 
distinguish between recalling a past event 
(retrospective) and remembering a future to-do task  
(prospective). Our work will focus on the use of 
prospective memory for LBRs. 

Prospective memory 
Prospective memory is defined as a distinct form of 
memory concerned with remembering events that will 
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occur in the future [11]. Prospective memory (PM) is 
not a new type of memory, but instead it is a 
multidimensional procedure that involves different 
cognitive components [10]. A typical PM task follows a 
four-stage procedure, which was proposed by Ellis [13]. 
The four steps can be generalized as: (a) Intention 
formation, which requires human attention resources to 
process and encode the task; (b) Intention retention, 
which accounts for the interval from remembering the 
task until performing it; (c) Intention retrieval, which 
involves human prospective memory to recall and 
trigger the task; and finally (d) Intention execution, 
which means to execute the task. 

There are a wide variety of PM tasks in people’s daily 
activities. The most common distinction within PM tasks 
is between the time-based tasks and the event-based 
tasks. Time-based tasks are those to be performed at a 
specific future time, while event-based tasks are to be 
performed when a particular situation or event occurs. 
The inherent difference between these two types of PM 
tasks is in the cognitive retrieval process [12, 25]. 
Event-based tasks rely on external cues (such as a 
person, an object, a location or a particular situation) to 
trigger the intended task, but time-based tasks don’t 
have these external cues. Instead, time-based tasks 
rely on an internal trigger that is based on time. 
Because of this difference, these two types of tasks 
make use of different retrieval processes. Event-based 
tasks are retrieved through a spontaneous process 
when people noticing an external cue associated with 
the intended task. Time-based tasks rely on self-
initiated retrieval process. 

Our work is focused on location-based tasks, a typical 
type of event-based tasks. Van den Hoven and Eggen 

found out that one of the keys to successfully support 
remembering is the memory cue [34]. Researchers 
have concluded that some parameters of external cues, 
such as the distinctiveness and the associativity with 
the intended task, are inherently important to support 
task retrieval [25]. If external cues are salient, 
distinctive and highly relevant with the intended task, it 
will more effectively trigger the intended action. Sohn 
et al. [31] concluded that in LBR systems, location itself 
serves more like a reminder cue rather than just the 
place of task execution. However, there isn’t much 
research of how to provide effective cues with the 
purpose of supporting location-based task 
remembering. 

Location-based reminders 
Researchers have developed several prototypes to 
prove the usefulness of LBRs. ComMotion [24], for 
example, was designed to provide just in time 
information delivery based on location. Cybreminder 
[8] made use of the rich context in the environment to 
more appropriately trigger the reminder. MemoClip [2] 
suggested that in many cases location is more 
appropriate to trigger the reminder rather than time. 

A big research challenge in studying LBRs is how to 
deliver the message more accurately. When people are 
on the way, the environment and the context are 
complex and continuously changing. Several studies 
have tried to enhance context-awareness to set a more 
effective delivery point [8,20,31]. By making use of the 
rich context around them, like allowing users to set the 
relevant person and the particular time and location, 
the LBRs might be able to detect a better way to send 
the reminder. This technique is useful in some ways, 
but it also forces users to put more effort when setting 
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up a reminder. Cakmak and Basoglu indicated that 
users don’t like a long process for setting up a simple 
reminder [4]. Other researchers tried to explore the 
factors influencing the location-based reminder delivery 
[23, 33]. They concluded that the effective reminder 
delivery depends on the geographic layout of the space. 
Tu et al. [33] developed a LBR prototype based on the 
routes users are about to take instead of the 
“geofence” radius. But the research problem of when 
and where to send the reminder is still not fully 
resolved. 

External memory aids 
The purpose of external memory aids is to facilitate 
human memory. In the scope of our work, we situate 
external memory aids within prospective memory 
needs of LBRs. Some researchers have concluded that 
external memory aids function as cues in supporting 
task recall for encoding, recoding, reorganizing, 
rehearsing and retrieval [18,19]. Under experimental 
conditions, lab studies have shown that PM failure can 
be caused either because of the breakdown of encoding 
stage or due to the failure access of retrieval stage [5]. 
In a real life environment, cues sometimes fail to 
trigger the action for unexpected reasons [9]. 

Researchers have explored the effectiveness of external 
memory aids [16,18,27]. External memory aids have 
been classified into two types. One type is merely 
external storage of information, referred as passive 
reminders; and the other type acts as active cues to 
trigger the task, referred as active reminders. Harris 
concluded that active cues are more effective than 
passive cues [18]. External memory aids have also 
been studied based on the content of the reminder 
message. The most effective message in reminders 

provided both the external cues and the intended task 
[16, 27]. But the current design of LBRs only allows 
users to put effort on defining external cues (locations) 
in the encoding process. 

Some mobile-based reminders have been particularly 
designed to aid human memory. Memojog [28] was an 
interactive memory aid for elders with normal 
cognition, aimed to help elders remedy everyday 
memory problems. Forget-me-not [21] was a 
conceptual prototype that exploited human episodic 
memory. It captured important data and context from 
personal life and later used these data to support 
human memory. Devaul and Corey [7] designed a 
memory glasses and concluded that providing subtle 
visual cues can be effective as a just in time memory 
retrieval aid, especially when overt cues are distractive 
and inappropriate. 

To better support human memory and human 
behaviors, some researchers have also used PM 
knowledge into the design of existing reminders. Back 
in the early 90’s, Payne provided a cognitive analysis 
between calendars and the task of prospective 
remembering [29]. As the electronic calendars became 
popular, researchers started to consider calendar use in 
the therapy of memory-impaired patients through the 
understanding of PM theory [26,32]. As sending emails 
became an everyday activity, Gwizdka [17] 
investigated the phenomenon of supporting prospective 
information in email, and contributed in the email 
design by applying human PM model. But none of these 
studies tried to apply PM knowledge to redefine the 
concept of LBRs. 
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Intons-Peterson and Newsome III indicated that 
memory may be affected by the encoding and recoding 
of materials that occur when external memory aids are 
prepared [19]. Vemuri and Bender considered this 
preparation process as a memory-encoding aid [35]. 
They suggested that the more details one encodes, the 
more associative paths there will be available in 
memory. Studying memory-encoding aid for LBRs is 
lacking in this research area, our work aims to address 
this gap by extending LBRs to a new form of memory 
encoding aid. 

Framework 
The task flow for PM activities discussed previously is 
mirrored in the task flow of LBRs. Figure 1 shows how 
we connect the PM task flow with the LBRs task flow. 
To successfully finish a PM task, LBRs play different 
roles in supporting human memory. By “supporting”, 
we mean LBRs are considered as human external 
memory, which help people record, store, retrieve and 
maintain the information accordingly. 

In the first stage, intention formation, LBRs serve as a 
memory-encoding aid. When people are forming an 
intention, they need to manually set up a to-do task on 
their LBRs. At the time people input the intended task, 
they need to perceive and process the task into their 
working memory. This process involves attention 
resources, so when this piece of to-do task pops up at a 
later time, people are aware of it and can reconstruct 
the context for the action. As this process becomes 
automatic (e.g., email programs automatically adding 
reminders in calendar programs), fewer details are 
provided to people when they are encoding. The result 
is that people have very fuzzy memories about the 
encoded task. The unintended result is that people rely 

more heavily on the external reminders rather than 
their own memory. 

In the second stage, intention retention, LBRs serve as 
external memory storage, similar to what a to-do list 
does. It provides people a method to rehearse the to- 
do tasks by maintaining all the information externally. 
More than a to-do list, tasks can be organized on a 
map-based view, which exploits human spatial memory 
to support remembering for location-based to-do tasks. 

The third stage is the time to perform the intended 
task, and the LBRs serve as an external retrieval cue. A 
salient cue that exists in the physical environment 
could work well in triggering the intended task as long 
as it catches people’s attention. A reminder sent by 
LBRs works like a salient cue. If the reminder is 
effective enough, it would interrupt people’s ongoing 
activity and get people’s attention to switch to the 
intended to-do task. Current LBR research prototypes 
mostly focus on improving this retrieval stage, trying to 
find a more effective location point to delivery the 
reminder. 

Rather than having LBRs use one cue (one target 
location serving as one external cue), our work aims to 
provide more external cues in the encoding stage. 
These cues would come from the real life environment 
at the moment of retrieving stage. For example, if the 
LBR system has an address or name of a location, like a 
supermarket, the LBR can display such landmarks or a 
route street view at the time of encoding. We believe 
that this will increase the saliency of the cue at the 
retrieval stage and thus improve the role of the 
memory aid for PM tasks. 
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Figure 1. Prospective memory connected with location-based 
reminders 

Finally, people need to execute the intended to-do task, 
and LBRs again serve as external memory storage by 
tracking the completed tasks. In addition, at the time of 
execution, people are often reminded of tasks to be 
done without the context of where the task was 
created. We will explore how we can reconstitute the 
context of the task at execution time by using ideas 
from another one of our research projects [1]. 

Conclusions 
In our work, we are interested in how to improve the 
prospective remembering of daily activities. We focus 
our research on how external memory cues in the 
natural physical environment can improve the 
recollection of to-do tasks. Information captured in 
human memory sometimes cannot be used effectively 
because the information has not reached the awareness 
level. The stored information just needs an appropriate 
trigger to activate the memory, so it can be brought 
into the awareness level and catch people’s attention. 

We have presented a framework that applies theories 
of PM into the task flow supported by LBRs. Research in 
cognitive psychology has created a deep understanding 
of PM. We are exploring how some theories can 
enhance the human memory recall for PM uses. In 
particular, we are studying the effectiveness of memory 
cues in this context during the task encoding process. 

Our work takes advantage of existing ubiquitous 
infrastructure to present memory cues from the 
environment around us. To extend LBRs to a memory- 
encoding aid, the LBRs could automatically provide 
relevant contextual cues at the encoding stage. It 
shouldn’t require more human effort to input the 
information, as we feel that this can be done 
automatically using information available in today’s 
ubiquitous environment. Furthermore, we feel that the 
extra cues in the encoding stage would require less 
human attention to process the provided cues at 
retrieval stage with the hypothesized result that these 
cues will further facilitate the task recall.

1378

UBICOMP '14 ADJUNCT, SEPTEMBER 13 - 17, 2014, SEATTLE, WA, USA



 

References 
[1] Ahuja,A., Hanrahan,B., & Pérez-Quiñones, M.A. 
(2014). Contextinator: Project-based Management of 
Personal Information on the Web. In Proc. 10th 
WEBIST, pp. 14-23.  

[2] Beigl, M. (2000). MemoClip: A location-based 
remembrance appliance. Personal and Ubiquitous 
Computing, 4(4), p. 230-233. 

[3] Bush, V. (1945). As we may think.  

[4] Cakmak, N., & N, Basoglu. (2012). An investigation 
of factors that influence user intention to use location 
based mobile applications. In Proc. PICMET'12.  

[5] Cockburn, J. (1996). Assessment and treatment of 
prospective memory deficits, in Prospective Memory, 
Theory and Applications, p. 327-350.  

[6] Czerwinski, M., Gage, D. W., Gemmell, J., Marshall, 
C. C., Pérez-Quiñones, M. A., Skeels, M. M., & Catarci, 
T. (2006). Digital memories in an era of ubiquitous 
computing and abundant storage. Commun. ACM, 
49(1), p. 44-50.  

[7] DeVaul, R.W., & V.R. Corey. (2003). The memory 
glasses: subliminal vs. overt memory support with 
imperfect information. In Proc. ISWC’03. 

[8] Dey, A.K., & G.D. Abowd. (2000). Cybreminder: A 
context-aware system for supporting reminders. In 
Proc. HUC’ 00.  

[9] Dismukes, R.K. (2010). Remembrance of things 
future: prospective memory in laboratory, workplace, 
and everyday settings. Reviews of human factors and 
ergonomics, 6(1), p. 79-122.  

[10] Dobbs, A.R., & M.B. Reeves. (1996). Prospective 
memory: More than memory, In Prospective Memory, 
Theory and Applications, p. 199-225.  

[11] Einstein, G.O.,& M.A. McDaniel.(1990). Normal 
aging and prospective memory. Journal of Experimental 
Psychology: Learning, Memory, and Cognition, 16(4), 
p. 717.  

[12] Einstein, G.O., & M.A. McDaniel. (1996). Retrieval 
processes in prospective memory: Theoretical 
approaches and some new empirical findings. In 
Prospective memory: Theory and applications,  p. 115-
141.  

[13] Ellis, J.(1996). Prospective memory or the 
realization of delayed intentions: A conceptual 
framework for research, In Prospective memory: 
Theory and applications, p. 1-22. 

[14] Gemmell, J., Williams, L., Wood, K., Lueder, R., & 
Bell, G. (2004). Passive capture and ensuing issues for 
a personal lifetime store. In Proc. CARPE '04, pp.48-55 

[15] Graf, P., & B. Uttl. (2001). Prospective memory: A 
new focus for research. Consciousness and Cognition, 
10(4), p. 437-450. 
[16] Guynn, M.J., M.A. Mcdaniel.,& G.O. Einstein. 
(1998). Prospective memory: When reminders fail. 
Memory & Cognition, 26(2), p. 287-298. 
[17] Gwizdka, J. (2001). Supporting prospective 
information in email. In CHIEA'01. 
[18] Harris, J.E. (1978). External memory aids. In 
Practical aspects of memory, p. 172-179. 
[19] Intons-Peterson, M.J., & G.L. Newsome III. (1992). 
External memory aids: Effects and effectiveness. In 
Memory Improvement: Implications for Memory 
Theory, p. 101-121. 
[20] Kwon, O., S. Choi.,& G. Park.(2005). NAMA: a 
context-aware multi-agent based web service approach 
to proactive need identification for personalized 
reminder systems. In Expert Systems with Applications, 
29(1), p. 17-32. 
[21] Lamming, M., & M. Flynn. (1994). Forget-me-not: 
Intimate computing in support of human memory. In 
Proceedings of the FRIEND 21: International 
Symposium on Next Generation Human Interfaces. 
[22] Lin, C.-Y., Hung, M.-T., & Huang, W.-H. (2012). A 
location-based personal task management application 
for indoor and outdoor environments. In NBiS’ 12. 

1379

WORKSHOP: WAHM



 

[23] Ludford, P. J., Frankowski, D., Reily, K., Wilms, K., 
& Terveen, L. (2006). Because I carry my cell phone 
anyway: functional location-based reminder 
applications. In Proc. CHI’06. 
[24] Marmasse, N., & C. Schmandt. (2000).Location- 
 Aware Information Delivery withComMotion. In  HUC’ 
00. 

[25] McDaniel, M.A.,& G.O. Einstein. (2000). Strategic 
and automatic processes in prospective memory 
retrieval: A multiprocess framework. In Applied 
cognitive psychology, 14(7), p. S127-S144.  

[26] McDonald, A., Haslam, C., Yates, P., Gurr, B., 
Leeder, G., & Sayers, A. (2011). Google calendar: A 
new memory aid to compensate for prospective 
memory deficits following acquired brain injury. In 
Neuropsychological rehabilitation, 21(6), 784-807.  

[27] Morita, T. (2006). Reminders supporting 
spontaneous remembering in prospective memory 
tasks. In Japanese Psychological Research, 48(1), p. 
34-39.  

[28] Morrison, K., A. Szymkowiak.,& P. Gregor. (2004). 
Memojog–an interactive memory aid incorporating 
mobile based technologies. In MobileHCI, p. 481-485.  

[29] Payne, S.J.(1993). Understanding calendar use. 
Human-Computer Interaction, 8(2), p. 83-100.  

[30] Schacter, D.L.(1999). The seven sins of memory: 
Insights from psychology and cognitive neuroscience. 
American psychologist, 54(3), p.182. 
[31] Sohn, T., et al. (2005). Place-its: A study of 
location-based reminders on mobile phones, in 
Ubiquitous Computing, p. 232-250. 
[32] Thone-Otto, A.I.T.,& K. Walther. (2003). How to 
design an electronic memory aid for brain-injured 
patients: Considerations on the basis of a model of 
prospective memory. International Journal of 
Psychology,38(4), p. 236-244. 
[33] Tu, Y., Chen, L., Lv, M., Ye, Y., Huang, W., & Chen, 
G. (2013). iReminder: An Intuitive Location-Based 
Reminder That Knows Where You Are Going. 
International Journal of HCI, 29(12), p.838-850. 
[34] Van den Hoven, E., & Eggen, B. (2014). The cue is 
key: Design for real-life remembering. Zeitschrift für 
Psychologie, 222(2), 110-117. 
[35] Vemuri, S., & W. Bender. (2004). Next-generation 
personal memory aids. BT Technology Journal, 22(4): 
p. 125-138. 
[36] Zhou, S., Chu, C. H., Yu, Z., & Kim, J. (2012). A 
context-aware reminder system for elders based on 
fuzzy linguistic approach. Expert Systems with 
Applications, 39(10), 9411-9419. 
 

 
 

1380

UBICOMP '14 ADJUNCT, SEPTEMBER 13 - 17, 2014, SEATTLE, WA, USA


