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ABSTRACT

When pursuing new complex goals such as fitness or sustainabil-
ity, people often seek advice from various sources. Large language
models (LLMs) such as ChatGPT have recently emerged as popular
sources for information seeking, action discovery, and goal plan-
ning. However, such tools require users to provide detailed prompts,
are not adaptive to the user’s personal attributes or real-time con-
texts, and are merely reactive to the user’s prompts rather than
proactively guiding the user at opportune moments. We share the
design of an LLM-based chatbot app that proactively recommends
actions to the user for their goals based on context factors that
can be detected or inferred by the user’s smartphone (e.g., location,
time, weather) and the user’s personal profile. An early pilot field
study reveals that participants enjoyed the chatbot as a personal
assistant that was adaptable and flexible to their needs and kept
them motivated by discovering actions toward their goals.

Redmond, WA, USA
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1 INTRODUCTION

When people pursue new complex goals like losing weight or being
more eco-friendly, they may not know where to start or what to do.
They oftentimes turn to different information sources such as the
Internet, friends, family, or experts to seek advice. However, seeking
advice can be time consuming, and others may not always be aware
of the specific daily circumstances or contexts that the individual
experiences, making it harder for them to tailor the suggestions.
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Various factors can impact whether, how, and to what extent one
succeeds at their goal pursuit, including one’s ability to properly
plan realistic and feasible actions [13] and the timing of interven-
tions that one receives [20, 22]. In order to break down a long-term
goal into realistic actions, one must consider what they can reason-
ably do within their capabilities and constraints, which relies on
an understanding of the user’s context [6, 8], and if needed, receive
effective interventions at contextually-relevant moments [20, 22].

Recently, large language models (LLMs) and LLM-based tools
such as ChatGPT ! and Microsoft Copilot 2 have emerged as popular
sources for information seeking and goal planning. However, such
tools often require users to craft detailed and effective prompts,
which many users are not experts at doing [32]. Furthermore, these
tools are not adaptive to the user’s individual attributes or real-time
contexts, and are merely reactive to the user’s prompts rather than
proactively guiding the user at opportune moments. Users may not
always be aware of when they are in a good opportunity to act or
discover a new action toward their goals.

Context-aware computing can understand different facets about
a user’s context and constraints, and use this understanding to rec-
ommend contextually-relevant actions that the user can take toward
their goals. Technologies including smartphones, smart glasses, and
smartwatches can capture context, which includes environmental
context (i.e., from one’s immediate environmental surroundings,
captured via sensors or fetched from the Internet) and personal con-
text (e.g., related to one’s goals, interests, availability, personality,
preferences, and behaviors), and use this to generate and deliver
action recommendations at the right moments, thus providing a
Jjust-in-time approach [20, 22]. Context-aware recommendations
combined with LLMs have the potential to help users discover new
actions, especially for new goals and unfamiliar contexts.

We designed an LLM-based chatbot smartphone app that proac-
tively recommends actions to the user for their long-term goals as
they go about their day, based on context factors that can be de-
tected or inferred by the user’s phone (including location, time, and
weather), the user’s personal profile, and the explicit questions and
feedback that the user gives. The user can converse with the chatbot
to ask for action recommendations based on their current context,
ask for more details, advice, or clarification on a recommended ac-
tion, give the chatbot more constraints or details about their needs,
set reminders to do an action at a later time or a different context,
or log completed actions.

An early pilot field study of this app reveals that participants
enjoyed the chatbot as a personal assistant that was adaptable and
flexible to their needs and context, and kept them accountable and

!ChatGPT: https://chat.openai.com/
2Microsoft Copilot: https://copilot.microsoft.com/
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motivated by discovering actions toward their goals. Compared
to traditional LLM interfaces like ChatGPT, participants expressed
that using this chatbot required less effort from them, given that
it was already aware of their goals, attributes, and context. This
work contributes the application of LLMs for the novel use case
of generating proactive, contextualized, personalized, and feasible
action recommendations for individuals’ goals, and delivering such
recommendations in-situ at the right moments and locations.

2 BACKGROUND

“Just-in-time” ([20, 22]) recommendations have been employed for
goals such as fitness [5, 11, 14, 23] and health management (e.g.,
[21]). For example, WalkMore [5] provides context-aware reminders
to walk at opportunistic times based on phone usage data, the user’s
physical activity level, and the time of day. RecFit [11] suggests
physical activities based off context factors such as risk tolerance,
expense, location, time, and weather. Other examples include a
system that recommends walking routes based on one’s current
location and the amount of calories they want to consume that day
[23], and a system that recommends fitness activities by matching
a user to other users with a similar body-mass index [14]. Other
work has proposed utilizing factors such as the presence of other
people [21], medical data [9, 21], and calendar/availability data
[12]. Our research expands on these works by introducing a system
that provides context-aware and adaptive recommendations not
just for single goals or even single goal categories (e.g., health,
sustainability), but is flexible to a wider variety of goals, contexts,
and user profiles.

LLMs can leverage prior knowledge from their training data
and adapt to new contexts and goals through in-context learning
[2,18, 26, 28, 29] and prompt engineering (e.g., [27, 30, 31, 35]). LLMs
have been used for recommendations (e.g., [7, 15, 16, 25, 33, 34]), and
Al more broadly has been used for receiving advice in areas such as
investing (e.g., [4]), nutrition (e.g., [24]), medicine [10], and disease
screening (e.g., [3, 17]). In these cases, the user actively seeks advice
and prompts the system directly to get a response. In our setting
however, we focus on agents that fetch the user’s context in the
background, generate contextualized recommendations proactively,
and deliver them ‘just-in-time.

3 DESIGN PROCESS AND RATIONALE

We followed an iterative design process to design, implement and
test our context-aware action-recommendation app from lower
to higher-fidelity prototypes, with multiple rounds of testing and
iteration. Initially, we implemented the app as a traditional mobile
app, where different functions are represented as menus or icons.
However, user testing revealed that people had a greater variety of
needs and requirements, and each user may have different needs.
Thus, we experimented with using a chatbot interface to accom-
modate the flexible user needs. We further tested and iterated with
over ten internal users, observing their usage of the chat interfaces
and incorporating their feedback. Here, we share the list of design
requirements (DRs) that go into the choices of our prototype design:

e [DR1] Action recommendations should be delivered
both per the user’s request (user-initiated) and proac-
tively (system-initiated). Our users’ feedback indicated
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that users do not always know the best moments or contexts
to act toward their goals. They expressed that having the
app continuously observe their contexts and deliver recom-
mendations at opportune moments can benefit them.

e [DR2] Support users’ inquiries at different levels of
detail. Sometimes users know exactly what they want, and at
other times (especially for new goals or unfamiliar contexts)
they are less aware of their exact preferences and more open
to discovering and exploring new ideas. The chatbot should
be flexible to both situations, and be able to answer both
detailed and open queries from the user.

e [DR3] Action recommendations should be specific, de-
tailed, and accomplishable given the user’s present con-
text and attributes. Our users wanted advice that is feasible
and specific to them and their contexts. Proper planning and
breaking down of actions into feasible steps can lead to more
successful goal pursuit [13], and LLMs are well-poised to
tap into users’ contexts and personal profile attributes to
generate personalized recommendations that are detailed,
specific, and feasible for the user in their present context.

e [DR4] Action recommendations should consider a va-
riety of user contexts. Our users expressed that various
context factors influence what actions they can do. Thus, it
is beneficial for the app to consider multiple context factors,
and as many of these as possible should be automatically
fetched or inferred by the system.

e [DR5] The outputs from the app should be adaptive
to the user’s feedback and interactions. Our iterations
revealed that users want to work with the app as a partner
over time, and converse with it back and forth to tweak and
adjust its recommendations. Thus, in addition to its own
context observations, the app should adapt its outputs to the
user’s explicit feedback and strive to learn more about the
user over time.

e [DR6] The app should let the user override any con-
text that the system incorrectly fetches or infers. The
app should be able to account for inaccuracies and missing
information, and any information that the user explicitly
gives the app should take precedence over information that
is observed automatically by the app.

e [DR7] The user should be able to leverage the chat in-
terface as a versatile, flexible window for various func-
tions. In addition to conversing with the chatbot, the user
should be able to use the chat interface to ask the chatbot to
perform a variety of functions such as setting reminders, log-
ging actions, changing or updating their goals, and manually
editing their contexts.

4 SYSTEM DESIGN AND IMPLEMENTATION

Figure 1 illustrates the design of our chatbot app. We designed the
system as an ‘always-on’ app that can be used in the foreground
(through the chat interface) and in the background as the user goes
about their day.

The user first creates a profile by completing a Qualtrics survey,
where they provide the following information:

e Name, age, and gender (all optional)
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User Message

“I have ten minutes of free time,
but my shoulder is sore. Tell me
something to do.”

0%

User’s Context

9 Current Location: library
Q vNearby Locations: park, grocery store, cafe
Q© Time: afternoon
£ Day of Week: Saturday
Weather: 65°F, Partly Cloudy

/" Available Tools: smartphone, headphones

2!

User'’s Profile

Name: Alice
Age: 35
Gender: Female
Goals:
+ “Stay physically healthy”
+ “Learn French”
Attributes:
+ “I like listening to music”
+ “I am introverted”
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Since you're at a library, I would
suggest looking for books on
physical fitness and healthy
eating.

Search for books on fitness and
healthy eating

Steps:

1. Go to the non-fiction or health section
of the library.

Look for books on a variety of topics
such as strength training, cardio
fitness, stretching, or nutrition.

. Alternatively, you could go to the food
section and search for cookbooks with
health-conscious recipes.

BONUS: If you can find books written in
French, these could also help you with
your goal to learn French.

. If there is a librarian around, as them for
help finding the right book.

If you want to take these books home,
check them out at the front desk.

N

w

LLM Chatbot

»

3]

2

You can also take the books to the
nearby park to read, since the
weather is nice. Afterward, I may
suggest buying healthy foods at
the nearby grocery store.

Happy reading Alice!

Figure 1: An example illustration of the flow of information into the chatbot LLM, and the chatbot’s outputs. In this example,
the user types a message into the chat interface asking for an action recommendation. The user’s realtime context (including
location, time, weather, etc.) and personal profile (including goals and attributes) are both fed into the LLM alongside the
user’s message. The chatbot uses this information to generate an action recommendation for the user that is detailed, specific,
personalized, and adapted to the user’s context. This action recommendation is broken down into a series of steps that are
accomplishable for the user given their current context and profile attributes. The chatbot also acts as a polite and motivational

assistant to the user.

e List of the user’s long-term goals

e Advantages and disadvantages (i.e., attributes) in pursuing
long-term goals. Examples could include:
— ‘Tam very good at time management.”
— ‘T have children, and so tend to get busy as a parent.”

e List of tools that the user has access to at home, work, and
on the go that are relevant to the user’s goals

The user can open the app to ask the chatbot questions at any
time. The chatbot continuously tracks the user’s context (including
their location, time, weather, etc.), and always considers this context
and the user’s profile when responding to the user and generating
recommendations. This context tracking also runs when the app is
in the background, so that the chatbot can proactively message the
user with recommendations at opportune moments, even when the
user is not actively using the app.

The app Ul is composed of two primary views. The chat view
(Figure 2, left) is the space where the user converses back and forth

with the chatbot. In this view, action recommendations from the
chatbot appear with hyperlinks, which when clicked direct the user
to the action details view (Figure 2, right). This view provides
a space for the user to view ‘structured details’ about an action
recommended to them by the chatbot, including (i) a list of steps
to complete the action, (ii) the goals that the action supports, (iii)
a description of which of the user’s current context factors enable
the action to be completed and how they enable the action, and
(iv) a description of which of the user’s profile attributes enable the
action to be completed and how they enable the action, and (v) a
ranking of the amount of effort expected for the user to complete
the action.

Using the chat view, the user can converse with the chatbot as
they would with a traditional LLM-based chatbot. In addition, the
user can perform the following actions directly in the chat interface:

o Ask the chatbot to provide a new action recommendation.
In this case, the chatbot responds with a new recommended
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14:09 ©

&< Chat

It's too crowded to do exercises here.
Anything else | can do?
2:06 PM

Here's something you can do:

"Mental Well-being Check-in"

This mental wellness check-in
is a straightforward and
discreet activity that you can do
amidst the bustle of the cafe,
supporting your health and
fitness goal with a focus on
mental health.

207PM

What about physical activities
instead?

209PM
onding
Type a message
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15:59 e & i 71%6

& Recommendation

Evening Walk & Audio Chinese
Lesson

Supported Goals:
Learn Chinese'

Stay fit

Expected usefulness for this goal

Enabling Contexts:
Current Outdoor Temperature: 51
Current Ti evening

Enabling Attributes:

oderately fit.

Figure 2: The UI of the chatbot app, composed of two primary views: the chat view (left); and the action details view (right).

action based on any constraints that the user gives to the
chatbot.

o Specify to the chatbot any changes in their goals, including
new goals or changes to existing goals. In this case, the
chatbot updates the user’s goals in their profile.

e Change their current context (e.g., tell the chatbot where
they are located or what the weather conditions are). In this
case, the context that the user specifies would override any
context that the system detects or infers.

e Log an action as ‘completed’, ‘will consider’, ‘liked’, or ‘dis-
liked’. In this case, the chatbot saves the action to the user’s
personal action log, which they can then view on a separate
page in the app at any time.

o Ask the chatbot to remind them about an action at a later
specified time or when the user is in a specified context (e.g.,
when the user is at home). In this case, the chatbot flags the
action, and when it detects that the specified time arrived
or the user is in the specified context, it sends a reminder
about the action to the user.

4.1 Implementation

The client app runs on Android and was implemented using React
Native. The server was implemented using Node.js, stores the user’s
profile, and uses GPT-4 Turbo as the chosen LLM, running on a
Microsoft Azure cloud instance.

Whenever the user sends a message to the chatbot using the
phone app, the app sends to the server a JSON object containing
the message text, the phone’s GPS location, the phone’s system
time, and a flag that indicates if the user is currently located at
their ‘home’ location, ‘work’ location, or neither. The server then

uses the user’s GPS location to fetch the current weather condi-
tions at the user’s location using the US National Weather Service
(NWS) API 3. This API returns the current temperature and a short
natural-language description of the current weather conditions at
the user’s location (e.g., “Sunny”, “Overcast with a chance of rain”,
“Thunderstorms™). Next, if the user is not currently located at their
‘home’ or ‘work’ addresses, the server then uses the OpenStreetMap
(OSM) Nominatim API # to fetch a natural-language description of
the user’s location using reverse geocoding (e.g., “library”, “coffee
shop”, “gym”, “shopping mall”, etc.). The server also uses the OSM
Overpass API > to fetch nearby ‘place types’ (e.g., “cafe”, “library”,
“shopping mall”) within a 400-meter radius of the user’s current
location.

The server then compiles a prompt and sends the following
information to the LLM, structured as JSON inputs:

(1) The user’s profile

(2) A list of the previous actions that the user logged (as ‘com-
pleted’, ‘will consider’, ‘liked’, or ‘disliked’)

(3) High-level daily summaries of the conversations between
the user and the chatbot for each previous day that the user
used the chatbot:

o These are generated for every user once per day at mid-
night and stored on the server. When generating these
summaries, the LLM is instructed to “focus primarily on

3US National Weather Service API: https://www.weather.gov/documentation/services-
web-api

4OpenStreetMap Nominatim API: https://nominatim.org/

>OpenStreetMap Overpass API: https://wiki.openstreetmap.org/wiki/Overpass_API
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what the user asked for, which actions the chatbot recom-
mended, and how the user reacted/responded to these recom-
mendations.”
(4) The most recent previous messages (from within the last 24
hours) sent between the user and the chatbot
(5) The text contents of the user’s current message to the chatbot
(6) The user’s current context, which includes:

o The natural-language description of the user’s location
(“home”, “work”, or the third-place description fetched
from the OSM Nominatim API)

o A list of ‘place types’ (e.g., “cafe”, “library”, “shopping
mall”) near the user’s current location, fetched from the
OSM Overpass API

o The user’s current time as a text representation ( “morning”,
“afternoon”, “evening”, or “night”)

o The current day of the week for the user (“Monday”, “Tues-
day’, “Wednesday’, etc.)

e The current outdoor temperature at the user’s location, in
Fahrenheit, fetched from the NWS API

o The description of the current weather conditions at the
user’s location, fetched from the NWS API

o A list of the tools or objects that the user listed in their
profile that they have access to at ‘home’, ‘work’, or ‘on
the go’, depending on what their current location is

The LLM is instructed to respond to the user by playing the
role of an “expert in the user’s high-level goals, a personal coach and
mentor to the user, and an expert in multi-tasking” (from the system
prompt). It is instructed to respond politely, address the user by
their name (contained in their profile) with the intent of adding a
layer of personalization, and to make use of a variety of function
calls © it has available to it to recommend new actions, edit the
user’s goals, edit the user’s context, log actions, or set reminders for
the user, based on the user’s request. Further, the LLM is instructed
to make as effective use of the conversation history and the user’s
personal profile details as it can, and to try to learn about the user
over time. Lastly, the LLM is instructed to always be polite, not to
give specialized health advice (although general, high-level health
advice is okay), and to avoid discussing topics related to “violence,
crime, sex, politics, uncouth behavior, or other highly-sensitive topics”.

4.1.1  Background Updates and Proactive Recommendations. The
user’s phone periodically (about once every 15 minutes) sends
background updates of the user’s context to the server. These back-
ground updates contain all the information that is normally sent
with a chat message to the server except for a chat message itself.
The server then determines whether to prompt the LLM to generate
an action recommendation for the user using this context. The LLM
is prompted to generate a recommendation if the last recommenda-
tion sent to the user was sent more than three hours ago, it is not
currently night time, and at least one of the following is true:

e The user has not received a new recommendation for more
than eight hours, or

e The user is at a location that is not ‘home’ or ‘work’, and
they have been at that location for at least 15 minutes

50OpenAl function calling: https://platform.openai.com/docs/guides/function-calling
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5 PILOT FIELD STUDY AND FUTURE WORK

We ran an early pilot study where two participants (P-A1 and P-A2)
installed the prototype app onto their phones and used it for two
and a half weeks in the contexts of their day-to-day lives and their
real goals. At the beginning of the study, each participant created
their user profile by filling out the Qualtrics survey, and participated
in a one-on-one interview with one of the researchers, where they
were asked to discuss their goals, the motivation(s) behind them,
and how they pursue their goal(s) today.

During the first week of the deployment, the chatbot feature on
the app was disabled, and the app was instead configured to send
reminders (as push notifications) to the user to pursue their goals
four times per day (once in the early morning, once near noon, once
in the late afternoon, and once in the evening). Each notification
would mention one of the user’s goals from their profile at random,
and pair it with a motivational message. For example:

Remember your goal to "Learn French":
Look around. Can you think of something, anything, to
do toward your goal in your current context?

These served as non-context-aware reminders for the user to act
toward their goal(s). The purpose of this was to provide participants
with a baseline to compare the experience of using the chatbot and
receiving context-aware recommendations to, as this experience is
close to that provided by notifications from some consumer apps
(e.g., Duolingo). Starting in the second week of the study, the chatbot
feature of the prototype was enabled, and this experience replaced
the non-context-aware reminder notifications that the participants
used in the first week.

During the deployment period, participants were asked to use
the app at least once per day (i.e., to open the app to chat with
the chatbot, or at least read its recommendation(s) to the user),
and to fill out a short survey at least four times per week (but
preferably every day) where they reported on one or more actions
that they completed toward their goal(s) that day. At the end of
the two and a half weeks, each participant took part in a final one-
on-one interview with the researcher, where they discussed their
experiences using the chatbot for pursuing their goals.

5.1 Preliminary Findings

Overall, participants found the chatbot to be useful for their goals.
Participants described the chatbot as being similar to a “coach” (P-
A1) or “personal assistant” (P-A2) that would “just meet you wherever
you are” (P-A1) and remove the “administrative element” (P-A2)
from one’s goal pursuit. Participants found the chatbot to be useful
for action discovery, for its ability to adapt its suggestions to
their needs and circumstances, and for its proactiveness, both in
the sense that it proactively collected and made use of the user’s
context and user profile and that it proactively gave the user rec-
ommendations on its own without the user asking. P-A1 valued
that the chatbot required less effort to produce more detailed,
personalized, and contextualized advice, compared to more tradi-
tional LLM interfaces like ChatGPT, given that it already had his
goals, attributes, and context at its disposal.


https://platform.openai.com/docs/guides/function-calling
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5.2 Limitations and Future Work

While users found value in the context-aware chatbot, there are
still limitations that need to be addressed. For example, LLMs have
been known to produce ineffective (e.g., untruthful, inaccurate, or
low-quality) outputs [1], and thus our system could produce such
outputs as well, especially when given incomplete, inaccurate, or
low-quality inputs either as contextual data collected by the device
(e.g., an inaccurate location or weather forecast) or incomplete in-
formation from the user (e.g., incomplete profile data or missing
information in the chat messages). Some users may also have pri-
vacy concerns, and thus may not want to give the chatbot all of the
information that it is capable of collecting. Such situations would
also lead to the chatbot having limited context information, which
could affect the quality of its outputs. Thus, for future work, we are
interested in evaluating the effectiveness of the chatbot’s outputs,
assessing users’ reactions when receiving lower-quality outputs,
exploring how the chatbot’s outputs can be improved through more
effective prompting and use of context and user inputs, and explor-
ing more ways for users to intervene when they receive suggestions
from the chatbot that are inaccurate or undesirable.

We also plan to run more field studies of this prototype with
more participants over longer time periods to learn more about
how individuals make use of such agents over time as they make
progress in their goals and as their life situations change. As part
of future work, we are interested in further exploring the types of
roles that such chatbot agents can play in individuals’ goal pursuits,
beyond just the roles of “coach” (P-A1) or “personal assistant” (P-A2)
mentioned by our participants. For example, both of our participants
expressed a desire for the chatbot to assist with longer-term goal
planning (e.g., coming up with weekly plans), progress tracking
(e.g., checking in with the user on their progress), and providing
accountability (e.g., following up with the user to see if they did
an action). We are also interested in improving the proactiveness
of the chatbot and the timing and delivery of its interventions,
for example, by employing more sophisticated machine-learning
approaches (e.g., [19]) to determine the best moments to intervene.

6 CONCLUSION

With LLMs, action recommendation systems that are adaptable to
various goals and contexts, flexible around a diversity of user needs
and characteristics, and proactive in their suggestions become more
feasible. Smartphones that are capable of using real-time context
information are already ubiquitous in people’s daily lives, and de-
vices such as smart glasses and smartwatches, which are capable of
collecting and making use of even more context cues, are becoming
increasingly prevalent. This work has begun to explore the use
of LLMs as proactive agents for giving users contextualized and
personalized guidance for their goals, and delivering such guidance
at the right times and locations. We introduced an early proto-
type design for a chatbot app running on a smartphone, presented
preliminary findings from its use in the field, and provided future
directions for the design and research of such agents.
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