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Abstract

When observing the execution of manual tasks, instructors provide follow-up instruc-
tions instead of waiting for mistakes to occur or for users to explicitly ask for help
[37]. We manually coded 500 video clips—captured from an egocentric view of the
instructee—to identify the implicit cues that prompt these interventions. Our anno-
tations revealed a systematic classification of uncertainty-insinuating cues expressed
through hand and head movements [4]. Based on this finding, we propose a just-in-
time instruction system that tracks user and object movements to emulate two groups
of implicit cues: goal-agnostic cues and goal-dependent cues. We implemented three
methods to encode the most frequently observed cues: for the first group, we detect
repeated movements of the head or of the objects currently being manipulated; for the
second group, we leverage measures of task progress and error to infer uncertainty.
By identifying when progress is suboptimal, our system can infer that the user is

uncertain and deliver timely instructions.
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Chapter 1

Introduction

People often prefer not to read instructions [30]. Many consumers ignore instructions
altogether or find themselves with extra parts after they think they are done [11]. For
example, a market survey of public call boxes in the late 20th century showed that
approximately 75 % of users did not refer to the instructions [32]. Several studies have
explored why people tend to ignore instructions [38]. In a seminal work, Wright et al.
identified unstructured manuals as a major issue: most instruction sets assume readers
will start at the beginning and read through each step sequentially, memorizing them.
In reality, people prefer to skip around and only consult a manual when they have a
specific question. Moreover, human instructors intuitively determine when someone
engaged in a task needs guidance. Although the need for a system that delivers the
right instruction at the right time has long interested HCI researchers, most existing
systems are reactive and require explicit input from the user. Such systems can
be cumbersome—or even impossible—to use, depending on the task. Consequently,
researchers have shifted focus toward proactive instruction-giving systems that rely on
implicit inputs such as the environment, past interactions, and user physiological data
[39, 26]. The literature has investigated various implicit methods—some of which we

observed in our preliminary explorations—such as gaze direction [14], constant time



delays [15], user context [27], pupillary response [16], and other physiological signals
[26]. However, many of these cues require multiple sensors and are impractical in
real-world settings, limiting their generalizability.

Our work is inspired by psychological research showing that people use motion
(e.g., hand gestures, body movements) to think through complex cognitive tasks
[34]. These observations were echoed by Wang et al. in the HoloAssist dataset,
where instructors frequently provided proactive guidance based on perceived implicit
inputs [37]. Motivated by this, we conducted a manual preliminary exploration of
500 egocentric video clips from HoloAssist to identify the implicit cues that signal an
instructee’s need for assistance. We found that uncertainty often manifests in hand
and head movements: repeated reach-and-retract hand motions or side-to-side head
movements implied that the user was unsure how to proceed, prompting instructors
to offer additional or more detailed guidance.

We developed a taxonomy of implicit cues from the HoloAssist dataset, classi-
fied them into descriptive codes, and counted their frequency. Two major groups
emerged—goal-dependent cues and goal-agnostic cues—which appeared most fre-
quently. From these, we selected the most common behavioral signals of uncertainty

(e.g., repeated reach-retract motions) to inform our system design.

e Goal-agnostic cues: We implemented a heuristic approach that triggers in-

structions based on users’ hand and head movements alone.

e Goal-dependent cues: We devised a principled decision mechanism that

translates task progress and error signals into intervention decisions.

We frame instruction timing as an optimal decision problem: given the user’s current
state—quantified by progress (task advancement) and effort (kinematic cost)—should
the system intervene now or wait? To solve this, we propose a reinforcement-learning-

inspired formulation where:



e Progress acts as reward (calculated via alignment between current and goal

states),
e Effort acts as cost (measured by hand/head movement velocity).

The system intervenes when the ratio of progress to effort falls below a threshold
(i.e., the user expends energy without advancement). This ensures instructions are
triggered not only by observed cues (e.g., hesitation) but by their functional impact
on task performance. Crucially, our approach requires only an egocentric view—no
facial or eye tracking—and can generalize across diverse tasks in real-world settings.

We quantify progress by measuring the alignment difference between the current
and goal states of task components over time. Effort is quantified by the velocity
of hand and head movements. An upward-trending progress curve indicates clarity,
while a downward-trending or fluctuating curve signals uncertainty and the need for
guidance. By monitoring these values, our system determines the ideal timing for
instruction delivery.

Our proactive approach—triggering guidance based on quantified progress—eliminates
the need for users to make overt errors before receiving help. Additionally, by deliv-
ering instructions only when needed, our system may aims to reduce cognitive load
and error rates while allowing users to access guidance in a need-based manner.

Our main research contributions are

e A codebook of implicit cues and themes of implicit cues of instructees prior to

receiving instruction
e A formulation of implicit cues by quantifying progress of task and effort of user

e A just-in-time uncertainty detection system that can be used to deliver relevant

instructions



Chapter 2

Related Works

Prior work has explored instruction design [1], instruction presentation [25], and
instruction adaptation [39] for a plethora of users and user goals [36] and yet there
seems to be a gap in the literature on a dedicated exploration on giving instructions
at the right time.

Some works have addressed this gap by building around the idea of a context-
aware system. However the context addressed pools around two major areas. One is
that the context detected usually requires a number of information that requires high
speed communication, well-performing visual models, and/or sensing components|21,
20, 26]. And the second is that it relies on the assessment that a complete and discrete
step has been executed via detection or user self-reporting[20, 39, 18]. We posit that
depending on what the system relies on to determine the timing of instruction we can
classify previous works as proactive and reactive.

Our work builds on the vast literature that has explored ways of giving instructions
in real-time. Tasks that physically involve a user in any capacity such as putting make-
up on [33] or dancing [2] have been explored on providing instructions or guidance in
real time using Augmented Reality(AR). But simply using any kind of AR to complete

tasks does not result in decreased time of completion or error rate. Funk et al.,[10],



found that using Head-Mounted Displays as a form of AR to communicate instructions
actually led to users performing worse than baseline paper-back instructions. When
Baumister et al., further explored as to why this is the case, they found that what
contributes to the helpful nature of other forms of AR instructions is their affordance
to make instructions available with less extraneous effort exerted by the user.

As we observed in the dataset of 166 hours of human-human instructions of bi-
manual tasks collected by HoloAssist [37], we know that humans provide instructions
proactively before the individual who is performing the task needs to explictily ask
for one. Hence, we believe that it is important to look to other fields of psychology,

anthropology, and neuroscience to understand how that comes to be.

2.1 Mind in Motion

Decision and action are interwoven: motor areas both receive accumulating evidence
and feed back into the decision process, so that choice is realized through the dy-
namics of ongoing movements rather than being fully formed before action onset[31].
Moments of indecision don’t just slow the mind—they literally interrupt the body’s
movement. Early researchers noticed that rats would occasionally pause at choice
points in mazes and look back and forth as though confused about which way to
proceed. They termed this behavior ”vicarious trial and error” (VTE), speculating
that the rats were mentally exploring potential future options rather than simply
executing preprogrammed actions. More-recent experiments examining VTE in rats
suggest that there are direct parallels to human processes of deliberative decision
making, working memory and mental time travel. [28]. This is a concept used by
multiple existing works when determining when to give instructions[15, 39, 18].
However uncertainty manifests itself in more ways than just pauses. Under target

uncertainty, movement paths exhibit increased spatial variability as multiple potential



actions compete during execution. For example: Reaching movements show zigzag
trajectories when deciding between ambiguous targets. [19]. This further portrays
Tversky’s work in ”spraction.” Hand movements during speech aren’t just expressive-
they actively organize ideas [34]. When multiple potential actions are spatially viable
(e.g., reaching for two targets), the brain generates competing motor plans for each
hand simultaneously. This creates a ”desirability-driven” neural competition where
uncertainty emerges from unresolved plan conflicts. Behavioral signature: Movements
exhibit spatial averaging (e.g., initial paths between targets) as the sensorimotor

system delays commitment to a single plan until evidence thresholds are met. [7, 12].

2.2 Just-In-Time Instruction Giving

Just-in-time instruction refers to delivering guidance at the precise moment it is
needed during task execution, rather than all at once or beforehand. Prior research
has explored a variety of strategies for timing and triggering instructional interven-
tions. We classify these approaches into two broad categories-reactive and proactive-

each with further subtypes based on their triggering mechanisms.

2.2.1 Reactive

Reactive instruction is delivered in response to user actions or explicit requests, typ-

ically after an event has occurred[6]

e Step-Completion or Error: We see such assistance in a number of everyday
tasks such as grammar and spelling checks, or error and warning flags or Copilot
auto-completions in coding IDEs. Such systems highlight next steps post-task
completion to align with pre-defined ”correct action” sequences, reducing user

dead-ends.



e User-initiated: Early and foundational systems, such as UNIX man pages or
DOS help, are classic examples where users explicitly request information about
specific commands or features. These systems are effective for users who know
what they need to look for, offering quick reference without interrupting the
workflow[6]. Advanced systems maintain a user model to personalize the help
experience. These systems can deliver information that is new and relevant to
the user’s current goal or knowledge state, but still rely on explicit user requests

to trigger help. [29]

2.2.2 Proactive

Proactive instruction systems anticipate the user’s needs and deliver guidance before
errors or explicit requests occur. We have seen multiple ways of implementing this
approach in HCI and psychology literature, which describes proactive systems as
those that “do not necessarily await explicit human input but rather initiate and
drive actions based on observed behavior, sensor readings, or contextual cues” [35].
These systems often monitor user attention, behavior, and environmental factors to
predict intentions and intervene at optimal moments, thereby preventing mistakes

and supporting seamless human-computer collaboration.

e User-Based: User-based proactive instruction relies on real-time monitoring
of user behavior detecting repeated errors, lengthy pauses, prompting timely
interventions [39, 15]. Advanced interfaces can monitor eye gaze, heart rate, or
EEG to infer cognitive load or attention lapses, proactively offering help when
overload is detected [26, 13]. Proactive systems can further adapt instructions
based on user expertise, learning progress, or prior interactions, ensuring rele-

vance and reducing unnecessary interruptions. [8, 3J.

e Environment-Based: Environment-based proactive instruction is triggered



by changes or cues in the task environment or context rather than the user’s
direct actions. Systems monitor the workspace for events such as the intro-
duction of new tools, changes in task state, or the presence of hazards, and
provide relevant instructions automatically [5, 9]. Instructions may also be de-
livered when users enter specific locations (e.g., AR overlays near machinery)
or reach critical moments in a workflow (e.g., before a complex assembly step)
[15, 13, 14]. Additionally, proactive prompts can be triggered when required

resources become available or when environmental constraints change [21].

2.3 Progress and Effort Approaches

Progress tracking is a critical component in robotics, particularly for tasks involving
assembly, manipulation, and interaction with dynamic environments. Researchers
have developed various methods to model, predict, and optimize task progress, in-
tegrating instruction comprehension and real-time trajectory adjustments. For in-
stance, robots can leverage visual progress representations to monitor task advance-
ment and adaptively select subsequent subgoals, as demonstrated by Wang et al. [17].
This approach significantly enhances manipulation policy effectiveness in long-horizon
tasks. Recent advancements also highlight the use of vision-language models to pre-
dict temporal progress from visual trajectories, facilitating learning and adaptation
across diverse tasks and domains [22]. These methods demonstrate the potential of
combining progress tracking with decision-making frameworks and integrating real-
time feedback and adaptability.

While progress tracking in robotics has made significant strides, modeling human
behavior, however, poses unique challenges. Unlike robots, humans are free agents
with diverse and unpredictable behaviors. In robotics, algorithms such as maxi-

mum entropy inverse optimal control [40] have been employed to model behavior and



decision-making under uncertainty. These methods extract patterns from task exe-
cution, providing insights into intention and progression. Similarly, fuzzy-rule-based
systems [41] have been used to predict human intention in collaborative settings, such
as human-robot handovers, by combining wearable sensing data with decision mod-
els. However, these methods often rely on resource-intensive computations and lack
the ability to generalize across diverse environments and users, leaving gaps in their
applicability to real-world, dynamic, and user-specific scenarios.

While robotic systems benefit from precise sensors, deterministic algorithms, and
predictable environments, human users are influenced by cognitive states, distrac-
tions, and emotional factors that complicate traditional progress tracking. Current
systems often fail to see where to look in order to capture nuanced human uncertainty
and are limited in their ability to adaptively provide support based on real-time, non-

verbal cues.



Chapter 3

Preliminary Exploration and

Takeaways

3.1 Owur approach

We aimed to observe the implicit actions that users make between any completed
steps that indicate uncertainty and a need for an intervention from an instructor.
We hypothesize that these defined actions would be the indicators for an automated
system that a user is uncertain or confused about what the current or following step

should be in the assembly process and hence needs help.

3.1.1 Dataset

We constructed a CodeBook based on a subset of an egocentric dataset of two people
collaborating to build one of four types of furniture. We resourced 1110 clips from 329
videos, that had according to the annotations of the dataset, a follow-up intervention.
A follow-up intervention is any instance in the annotations that had a conversation
purpose labeled: ”an instructor follow-up instruction.” Such conversations have this

label when an instructor contributes an instruction without an explicit input from the

10



student. We clipped each instance of a follow-up intervention 5 seconds prior to when
it starts and resulted in 1110 viable clips. We hypothesize that these instances would

indicate what implicit cues, if any, triggered the instructors to proactively intervene.

3.1.2 Coding

In order to code the 500 clips, we first picked 100 video clips to formulate our initial
labels for cues that possibly instigated the interventions. Out of the 100 video clips,
the first 50 video clips were sequentially selected and the latter 50 video clips were
randomly selected. We provide the labels for each implicit cue and their descriptions
in the supplementary material.

Once we coded the 500 video clips for the observed cues, we were able to recognize
415 cues that were implicit that caused the instructor to intervene in order to give
a verbal guidance and we categorized these cues in 6 broad categories as shown in
Figure 3.2. The other 85 clips were coded as unknown or explicit cues after an
agreement between our 2 main coders. (Figure 3.1)

The signals in the least observed categories of interjection, gesture, and inaction
were, in fact, familiar as they were expressive and/or have been used in previous
works[15, 39]. Mini-Errors were a category of cues that were associated with the
state of the pieces involved in the task that would cause inconvenience or error in
the long run. While these cues were somewhat prominent, we also believed that such
cues were a deviation from the cues we initially set out to find. Finally, we were able
to identify another group of cues that were actually more frequent and further proved
what we have learned from the field of embodied cognition. And these cues fell into

2 categories: Goal-Independent Cues and Goal-Dependent Cues.

11



3.2 Goal-Agnostic Cues and Goal-Dependent Cues

Building on the embodied cognition framework introduced in 2.1 where decision-
making emerges through sensorimotor engagement — our preliminary exploration re-
vealed two distinct classes of uncertainty signals that drive proactive instruction tim-

ing. These categories align with Tversky’s ”spraction” principle, where spatial-action

dynamics simultaneously reflect and shape cognitive states [34].

3.2.1 Goal-Agnostic Cues

Generalized behaviors that indicate uncertainty regardless of the specific assembly
step. These include repeated rotation (A2-1), repeated shifting (A2-2), slow hesitant
movements (A2-3), bringing a part closer for inspection (A2-4), and repeated shaking
(A2-5). Such actions reflect underlying cognitive deliberation or confusion and are not
tied to a particular assembly goal. Instead, they represent embodied manifestations of
indecision, as users physically explore or reconsider their options before proceeding.
These cues manifest as generalized motor hesitations observable across tasks,
independent of specific assembly goals (Figure 3.3). We observed such Goal-Agnostic
cues a total of 112 times in the 500 video clips we assesed. A break down of the

frequency of each cue is show in 3.5.

3.2.2 Goal-Dependent Cues

Figure 3.7 illustrates goal-dependent cues-behaviors that signal uncertainty or error
in direct relation to the current assembly objective. Blue-framed panels (B1-1 to B1-
4) depict actions such as reaching toward an incorrect piece, retracting from correct
or incorrect contact, and aborting an incorrect reach. Green-framed panels (B2-1 to
B2-4) show picking up the wrong piece, moving toward an incorrect state, reaching

with incorrect orientation, and progressing toward an inconvenient or suboptimal

12



state. These cues are tightly coupled to the task context and often precede instructor
interventions, as they directly impact the likelihood of successful task completion.
We observed such Goal-Agnostic cues a total of 169 times in the 500 video clips we

assesed. A break down of the frequency of each cue is show in 3.9
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Figure 3.2: Broad groupings of the implicit cue codes
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Figure 3.3: Goal-Agnostic Cues

Figure 3.4: Goal- Independent Cues (b) Example of object during a task.
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W A1-1 Shifting Gaze
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A1-4 Looking around

A1-5 Looking away

A2-1 Repeated rotation

A2-2 Repeated shifting

A2-3 Slow hesitant movements
A2-4 Bringing part closer

A2-5 Repeated shaking

Figure 3.5: The frequency of instances Goal-dependent cues were observed during

our coding of 500 video clips

Figure 3.6: Goal-Independent Cues (b) Example of object during a task.
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Retracting from incorrect reach

Toward inconvenient state

Example assembly task goal Picking up incorrect piece Toward incorrect state

Figure 3.7: Goal-Dependent Cues

Figure 3.8: This structured breakdown visually and conceptually distinguishes be-
tween the intended task flow, general signals of uncertainty, and specific action-based

cues that can inform timely instructional support.
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Figure 3.9: Goal-Dependent Cues Frequency

Figure 3.10: The frequency of instances Goal-dependent cues were observed during
our coding of 500 video clips
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Chapter 4

System Implementation

4.1 Method

Building on the insights from our preliminary exploration, we developed a movement-
based system to detect user uncertainty and provide just-in-time instructions during
manual tasks. Our method leverages implicit cues observed in user behavior, such as
hand and head movements, combined with progress and effort metrics. This system
aims to eliminate unnecessary interruptions while proactively delivering instructions

at the ideal time—before the user makes an error or experiences undue hesitation.

4.1.1 Apparatus

We used OptiTrack motion tracking cameras to track the position and rotation of
task components and users’ hands. Reflective markers were attached to the hands

and objects to capture precise movements in real time.

4.1.2 Heuristic Based System for Goal-Agnostic Cues

These movements serve as implicit cues of uncertainty, as identified in our preliminary

analysis of 500 egocentric video clips. We implemented 2 of the most frequently

17



Figure 4.1: (a).OptiTrack Camera  Figure 4.2: (b).object Tracking
Setup

Figure 4.3: (a) The OptiTrack camera setup used for tracking. (b) Example of object
during a task.

observed cues:

e Al-1 Gaze Shift: Frequent angular movements are detected by looking at a
rolling window of history of positional vectors and rotational quaternion of the
head to detect if there are movements that happen without the accompanied

movement of the hands or any of the pieces in the task.

e A2-1 and A2-2: Cyclical manipulations of components are detected through
temporal pattern analysis within a rolling window of motion vectors. The sys-
tem identifies uncertainty when objects return to previously held orientations
(rotational oscillation) or positions (translational oscillation) multiple times
within a short interval. When this cyclic pattern exceeds a threshold frequency
({2 occurrences), the system interprets this as hesitation behavior indicative of

decision uncertainty:.

18



4.1.3 Progress and Effort Quantification for Goal-Dependent

Cues

Our system quantifies Progress and Effort to evaluate task execution and determine
when to provide instructions. The progress metric relies on the relative position and
orientation of task components compared to their goal states, while the effort metric

evaluates user motion efficiency.

Progress Calculation

Progress is measured as the alignment of task components relative to their fully
assembled states. Specifically, for a pair of components ¢ and j, progress is computed

based on their position and orientation offsets using the following terms:

e r;;: The relative position vector between components 7 and j, calculated as
r;; = P; — P;, where P; and P; are the absolute positions of components 7 and
j.

° rffalz The goal relative position vector representing the desired position of com-

ponent j relative to 7 in the fully assembled state.

e q;;: Therelative orientation quaternion between components i and j, calculated
as qi; = q; ®q; ! where q; and q; are their absolute orientations.
goal ,

e q;; : The goal relative orientation quaternion representing the desired rota-

tional relationship in the fully assembled state.
e cp: Position tolerance, below which position errors are considered negligible.

e ¢: Orientation tolerance, below which orientation errors are considered negli-

gible.

19



Progress for a pair of components (i, j) is computed using the following formula:

1
Progress = 1 — N Z

(¢,j)€Pairs

max (0, ey — v — ep)
e A-Pmax —€p

max (O, 1—|qi - q§;a1| = €Q>
+ wq - , (4.1)

1—¢g

where:

e wp and wg are weights for the position and orientation errors, with wp+wg = 1.
e AP, .. The maximum possible relative position error.

e N: The total number of component pairs, calculated as

N _ Npieces(Npieces - 1)
2 )

where Npieces 18 the total number of components.

Effort Calculation

Effort measures the user’s physical actions during the task, focusing on the velocity
of positional and rotational displacements of the hands. High effort with minimal
progress indicates inefficiency, signaling the need for intervention. By monitoring
these metrics in real-time, the system can identify when a user is struggling or un-

certain, prompting timely instructions to guide them toward task completion

Progress-Effort Patterns and Trigger Mechanisms

Our system dynamically evaluates task state transitions based on two metrics: Progress
and Effort. These metrics, derived from position and orientation calculations, guide

the system’s intervention strategy. The trigger mechanism for each state is as follows:

20



1. Ideal Progress (No Intervention Required): When progress increases
steadily with proportional effort (stable velocity in hand movements and sta-
ble rotations), the progress remains ideal. This corresponds to users effectively
aligning task components and builders executing steps with confidence and pre-

cision.

2. Fluctuating Progress (Hesitation Detected): Progress oscillates between
increases and decreases, often accompanied by moderate to high effort. This is
identified by fluctuations in the position and orientation metrics:

goal ’ ‘

¢ goal |
]

|rij — ¢ and |qi; - gy

This cue is further refined by our Heuristic-Based trigger of A2 cues. As fluc-
tuations can be caused by more reasons other than hesitation or uncertainty.
But specifically looking at those cues helps us identify a more reliable fluctuatin

progress.

3. Neutral Progress (Stalled State): Progress remains static, failing to im-
prove over a time window, despite measurable effort. The system detects this
state with our heuristic based A1 trigger. Not only the stalled state is impor-
tant but also that the head is moving shows that effort is being exerted but no

progress is being made.

4. Negative Progress (Error State): Progress decreases significantly, as indi-

cated by increasing position error [[r;; —rf™ || or decreasing rotational alignment
1 . . . . ..
lqi; - qf;’a |. Simultaneously, effort remains high, reflecting misaligned compo-

nents or incorrect task execution. The system intervenes to deliver corrective
instructions, preventing compounding errors. This state aligns with study find-

ings where builders deviated from the desired trajectory, requiring immediate
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guidance.

By tying these states directly to progress-effort calculations, our system ensures
that interventions are grounded in measurable task dynamics. These mechanisms
address the implicit cues identified in our explorations, to enable timely and need-

based instruction delivery.
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Chapter 5

Application

Our approach can be generalized in a variety of tasks as long as a goal state is

identified.

5.1 Other assembly tasks

e Legos: LEGO building presents is an obvious application domain for our instruction-
timing approach. Like furniture assembly, it requires extensive bilateral coordi-
nation as users manipulate small pieces with both hands simultaneously. The
spatial and temporal coordination demands create observable uncertainty mark-

ers and can be picked up as long as a goal state is known.

e Assembling a device: The challenge in such tasks can be framed the same way
we have framed furniture assembly. Assembling a computer can be framed as a
series of subtasks where one connects two subcomponents at a time. Progress

and Effort can be detected
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5.2 Navigation

The uncertainty detection principles we've developed can be extended to navigation
tasks, where decision-making is similarly embodied in physical movements. Just as
assembly tasks reveal ”the mind overflowing into the world” through physical actions,
navigation involves continuous sensorimotor coupling with the environment.

Goal-independent navigation cues include head oscillations at decision points,
slowing pace before intersections, or repeated rotational movements-behaviors anal-
ogous to the "vicarious trial and error” patterns observed in our assembly studies.
Goal-dependent cues manifest as trajectory deviations from optimal paths, hesitation
when approaching incorrect routes, or reverting to previous positions after initial di-
rectional commitments.

These physical manifestations of uncertainty emerge in navigating physical en-
vironments (e.g., finding your way back out of a hospital exam room) making our

detection framework further generalizable.
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Chapter 6

Limitations and Future Work

While our system introduces a novel approach to providing just-in-time instructions,
several technical and methodological limitations highlight areas for future refinement.
On the technical side, the system relies on precise motion tracking, which can fail due
to occlusions, calibration issues, or environmental constraints, leading to delays or
inaccuracies in instruction delivery.

From a methodological perspective, our approach faces challenges in coming up
with a strategy to adapt for the variability in user expertise. Novices may require
more frequent interventions, while experienced users may find the system intrusive.

Finally, achieving proactive, human-like instruction timing remains a challenge,
as the system largely reacts to measurable changes rather than inferring deeper intent
such as user’s desire to explore. The level of proactivity desired is in fact still a big
field to explore in various scenarios.People have varying levels of patience when it
comes to a system that proactively intervenes. This variation is not only observed
between people but also depending on the task or activity the system intervenes on

24, 23)].
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