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Abstract

Recent advancements in large language mod-
els (LLMs) have empowered autonomous web
agents to execute natural language instructions
directly on real-world webpages. However,
existing agents often struggle with complex
tasks involving dynamic interactions and long-
horizon execution due to rigid planning strate-
gies and hallucination-prone reasoning. To ad-
dress these limitations, we propose WebUncer-
tainty, a novel autonomous agent framework de-
signed to tackle dual-level uncertainty in plan-
ning and reasoning. Specifically, we design
a Task Uncertainty-Driven Adaptive Planning
Mechanism that adaptively selects planning
modes to navigate unknown environments. Fur-
thermore, we introduce an Action Uncertainty-
Driven Monte Carlo tree search (MCTS) Rea-
soning Mechanism. This mechanism incorpo-
rates the Confidence-induced Action Uncer-
tainty (ConActU) strategy to quantify both
aleatoric uncertainty (AU) and epistemic un-
certainty (EU), thereby optimizing the search
process and guiding robust decision-making.
Experimental results on the WebArena and We-
bVoyager benchmarks demonstrate that We-
bUncertainty achieves superior performance
compared to state-of-the-art baselines.

1 Introduction

Web automation facilitates online services, includ-
ing information aggregation, transaction process-
ing, and enterprise workflows (Deng et al., 2023;
Zheng et al., 2024). However, existing solutions
based on hand-crafted scripts, programmatic APIs,
and Robotic Process Automation (RPA) tools are
brittle and task-specific, often failing under new
tasks or minor interface changes(Liu et al., 2018;
Pu et al., 2023). Recent advances in large language
models (LLMs) with strong natural language un-
derstanding and reasoning capabilities (Deng et al.,
2024; Du et al., 2026; Zhang et al., 2026a) enable
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more flexible web agents that execute instructions
directly on real-world webpages (Hu et al., 2025;
Nguyen et al., 2025; Ning et al., 2025). To en-
hance the reliability of these agents, recent studies
have equipped them with planning mechanisms (Er-
dogan et al., 2025; Luo et al., 2025; Shahnovsky
and Dror, 2026) to decompose user instructions
into manageable subgoals, and reasoning mecha-
nisms (Koh et al., 2024; Zhang et al., 2025; Wei
et al., 2026) to guide the decision-making process.
Despite these advancements, current agents still
struggle with complex tasks requiring dynamic in-
teraction and long-horizon execution (Wu et al.,
2025; Yang et al., 2025b).

First, complex tasks involve dynamic web in-
teractions. This dynamism makes it difficult for
preplanned subgoals to adapt to unknown environ-
ments (He et al., 2024; Zhou et al., 2024). As
shown in Figure 1a, an agent employing one-shot
explicit planning intends to use the “Publication
Year” filter to select 2024. However, it overlooks
that the Amazon sidebar lacks this option, resulting
in an execution failure. Conversely, iteratively gen-
erating subgoals via implicit planning introduces
a different risk. It can distract the agent with the
highest-rated book on the current page, causing
it to neglect the global rating filter and fall into a
local optimum. The agent can effectively resolve
these issues by flexibly selecting its planning mode
based on the webpage state and task progress. For
instance, the agent can use implicit planning to
correct cognitive biases during date filtering, and
explicit planning to reduce local noise during rating
sorting (Luo et al., 2025).

Second, complex tasks involve long-horizon exe-
cution, where reasoned actions are highly prone to
errors due to LLM hallucinations and the snowball
effect (Gan et al., 2025; Xia et al., 2025). As shown
in Figure 1b, the agent may operate on nonexistent
elements due to a lack of domain-specific knowl-
edge, or select incorrect elements due to the proba-
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Figure 1: The dual-level uncertainty challenges in complex web tasks.

bilistic nature of LLMs. This issue primarily stems
from an overreliance on LLM-generated actions
without considering their uncertainty (Zhang et al.,
2025; Zhao et al., 2025). Recent studies (Ma et al.,
2025) have introduced logits-induced token uncer-
tainty to decouple LLM uncertainty into aleatoric
uncertainty (AU) and epistemic uncertainty (EU).
However, these approaches focus primarily on dis-
crete tokens, overlooking the semantic meaning of
the generated actions.

In this work, we propose WebUncertainty, an
autonomous web agent designed to address com-
plex tasks requiring dynamic interactions and long-
horizon execution by tackling the dual-level un-
certainty arising from planning and reasoning. At
the planning level, we design a Task Uncertainty-
Driven Adaptive Planning Mechanism. Prior to
each planning step, an analysis agent evaluates the
task uncertainty based on the current state and task
progress. Subsequently, a planning agent adap-
tively selects the appropriate planning mode based
on this uncertainty to effectively handle unknown
environments. At the reasoning level, we design
an Action Uncertainty-Driven Monte Carlo tree
search (MCTS) Reasoning Mechanism. During
the MCTS expansion phase, a reasoning agent gen-
erates multiple candidate actions along with their
confidence scores. We introduce the Confidence-
induced Action Uncertainty (ConActU) strategy
to quantify action uncertainty at both the AU and
EU levels. Finally, we optimize the MCTS search

process by combining this quantified uncertainty
with feedback from an evaluation agent.
Our contributions are summarized as follows:

* We propose WebUncertainty, a novel au-
tonomous web agent framework that ad-
dresses dual-level uncertainty in planning and
reasoning, achieving robust performance in
complex tasks involving dynamic interactions
and long-horizon execution.

* We design a Task Uncertainty-Driven Adap-
tive Planning Mechanism, which adaptively
switches planning modes based on dynamic
environmental changes, enabling the system
to effectively align sub-goals with unpre-
dictable web environments.

* We introduce an Action Uncertainty-Driven
MCTS Reasoning Mechanism, incorporating
the ConActU strategy that quantifies both AU
and EU to guide the search process, thereby
mitigating hallucinations and ensuring reli-
able decision-making.

Experimental results on WebArena(Zhou et al.,
2024) and WebVoyager(He et al., 2024) demon-
strate that our WebUncertainty achieves superior
performance, particularly for complex tasks, out-
performing existing methods.

'Code is available at:
WebUncertainty

https://github.com/windbd/
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2 Related Work

Web Agents A web agent is an autonomous Al
system that perceives web interfaces through Doc-
ument Object Model (DOM) trees or screenshots,
makes decisions, and executes actions to follow
natural language instructions (Gur et al., 2024;
Nguyen et al., 2025; Ning et al., 2025). Early ap-
proaches primarily relied on rule-based systems
or imitation learning, which required extensive hu-
man demonstration and were brittle to interface
changes (Liu et al., 2018; Pu et al., 2023). The
emergence of LLMs has revolutionized this field
(Deng et al., 2024). By leveraging their powerful
natural language understanding and generation ca-
pabilities, modern agents generalize across diverse
websites (Song et al., 2025; Lai et al., 2025; Gupta
et al., 2026; Zhang et al., 2026b). However, deploy-
ing these agents in real-world scenarios remains
challenging due to the dynamic nature of web envi-
ronments and the complexity of long-horizon inter-
actions (Huang et al., 2025; He et al., 2025).

Planning Mechanisms in Agents Planning
serves as the strategic core of web agents, respon-
sible for decomposing high-level instructions into
executable subgoals (Zhang et al., 2024; Xi et al.,
2025; Shahnovsky and Dror, 2026). Existing plan-
ning strategies are generally categorized into: 1)
explicit planning, which involves formal task de-
composition (Li et al., 2023; Niu et al., 2024; Zheng
etal., 2024), and 2) implicit planning, where agents
predict actions reactively without a formal decom-
position phase (Koh et al., 2024; He et al., 2025;
Zhang et al., 2025). One-shot explicit planning
generates a complete sequence of actions upfront
but lacks adaptability; for instance, pregenerated
plans quickly become obsolete if the web environ-
ment shifts, such as when a pop-up appears. Itera-
tive approaches address this via replanning at fixed
steps, yet these methods typically employ rigid
protocols without assessing the necessity of such
adjustments. Crucially, current approaches fail to
model Task Uncertainty (Ning et al., 2025). They
do not dynamically adapt their planning mode be-
tween explicit and implicit planning based on the
agent’s familiarity with the environment, leading
to either inefficiency in simple tasks or failure in
complex, unknown domains (Zhou et al., 2024; He
etal., 2024).

Reasoning Mechanisms in Agents Reasoning
serves as the decision-making core of web agents,

translating planned subgoals into atomic actions
(Pahuja et al., 2025; Wei et al., 2026; Zhang et al.,
2026a). Existing methods range from reactive rea-
soning (Abuelsaad et al., 2024; Yang et al., 2025a)
to strategic reasoning that employs tree search to
explore trajectories (Koh et al., 2024; Yu et al.,
2025; Zhang et al., 2025). Crucially, most reason-
ing mechanisms overlook the risk of hallucinations,
allowing execution errors, such as operating on
nonexistent elements, to propagate through long-
horizon tasks and lead to cascading failures (Gan
et al., 2025; Zhao et al., 2025). While Ma et al.
(2025) disentangled AU and EU using logits to
identify hallucinations, their approach remains con-
fined to discrete tokens and overlooks action se-
mantics. WebUncertainty addresses this gap by
incorporating the ConActU strategy into MCTS,
explicitly quantifying these uncertainty dimensions
at the action level to ensure semantically grounded
decision-making.

3 Methodology

As illustrated in Figure 2, we propose WebUncer-
tainty, a hierarchical framework that tackles dual-
level uncertainty for web agents. The framework
consists of two core components: (1) A Task
Uncertainty-Driven Adaptive Planning Mechanism
(Section 3.1). In this stage, an Analysis Agent
evaluates task uncertainty based on the environ-
ment and task progress. A Planning Agent then
adaptively switches planning modes to ensure that
subgoals align with the evolving webpage state. (2)
An Action Uncertainty-Driven MCTS Reasoning
Mechanism (Section 3.2). A Reasoning Agent in-
tegrates the ConActU strategy to quantify both AU
and EU. An Evaluation Agent then assesses action
scores to mitigate hallucinations and guide robust
execution.

Formally, we model the web navigation task as
a Partially Observable Markov Decision Process
(POMDP). Given a global instruction I and a web-
page observation Oy, the agent operates hierarchi-
cally to generate an atomic action a; = (e, 0,v) at
each step. Here, e denotes the interactive element,
o specifies the operation type (e.g., click or type),
and v represents the optional value. The objective
is to generate an optimal action sequence that max-
imizes the success probability of the instruction
1.
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Figure 2: Overview of WebUncertainty. The framework decouples the process into Task Uncertainty-Driven
Adaptive Planning (left) and Action Uncertainty-Driven MCTS Reasoning (right).

3.1 Task Uncertainty-Driven Adaptive
Planning Mechanism

Static planning strategies often fail in complex web
tasks. Explicit decomposition struggles with un-
known environments, while implicit stepping risks
falling into local optima. To address these issues,
we propose the Task Uncertainty-Driven Adaptive
Planning Mechanism. Before each planning step,
an Analysis Agent evaluates task uncertainty based
on the current webpage state and task progress. A
Planning Agent then dynamically selects the opti-
mal planning mode. It leverages implicit planning
to adapt to unpredicted changes when uncertainty
is high. Conversely, it employs explicit planning
to maintain global coherence when uncertainty is
low. This adaptive approach ensures that generated
subgoals effectively align with the evolving web
environment.

Task Uncertainty Analysis At each time step ¢,
an Analysis Agent (7,n,) evaluates the task before
plan generation. It processes the global instruction
1, the current webpage observation O, and the
execution history H;. Its primary objective is to
determine the remaining task objectives T, and
quantify the associated task uncertainty upjan €
[0, 1], formulated as:

Tremauplan = Wana(Ia Ot7Ht) (1)

Here, T..m represents the pending goals. The scalar
Uplan links environmental unfamiliarity to execution

complexity. A high upja, indicates an unfamiliar
webpage structure where achieving Tin, is highly
complex. Conversely, a low iy, suggests a famil-
iar environment with minimal task complexity.

Adaptive Task Planning Guided by the task un-
certainty uplan, the Planning Agent (7pjan) selects
a subgoal generation strategy based on a thresh-
old 6. In low-uncertainty scenarios (uplzLn <)),
the agent activates the Explicit Planner (Wplan) to
perform one-shot decomposition. It then commits
to the first subgoal in the generated sequence, for-
mulated as g; = First(ﬂgﬁ;(ﬂem, O4)), to ensure
long-horizon coherence.

Conversely, in high-uncertainty scenarios
(Uplan > 5) the agent shifts to the Implicit
Planner (ﬂ'plan) to adapt flexibly to unpredicted
environmental dynamics. In this mode, the
agent directly predicts the immediate subgoal as
gt plan(Trem’Ot) The resulting subgoal g,
then directs the subsequent reasoning phase. As
execution proceeds, updated observations and
task progress may reduce uncertainty, enabling a
dynamic switch from implicit exploration back to
explicit execution.

3.2 Action Uncertainty-Driven MCTS
Reasoning Mechanism

After planning, the agent resolves the atomic sub-
goal g; during the execution phase. We model
this process as a tree search where nodes repre-
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sent webpage states and edges denote concrete ac-
tions. To navigate vast action spaces and mitigate
hallucinations, we propose the Action Uncertainty-
Driven MCTS Reasoning Mechanism. This mod-
ule employs the ConActU strategy to guide the four
phases of MCTS:

Selection The agent traverses the tree from the
root. Ateach step, it selects the child node that max-
imizes the predictor-corrected upper confidence
bound (PUCT). We integrate the action confidence
from the ConActU strategy as a prior to guide the
search:

a; = argmax [Q(s,a) + U(s,a)] (2)

acA
Peon(s,a)\/>_, N(s,b)

1+ N(s,a)

Here, Q(s,a) is the value estimate and N (s, a)
is the visit count. Py, (s, a) represents the con-
fidence score computed during expansion. This
mechanism ensures that the search prioritizes ac-
tions with higher evidential support.

3)

U(s,a) = Wpuct -

Expansion Upon reaching a leaf node, the rea-
soning agent generates K candidate actions and
directly outputs their corresponding confidence
scores ¢ = [c1,¢2,...,ck|. To quantify uncer-
tainty, we employ the ConActU strategy. First,
we normalize the scores into a pseudo-probability
distribution p; = ¢;/ Zszl cj. We then compute
the average confidence as a total evidence proxy
E = % Zfil ¢i. To measure the competition
among candidates, we calculate the normalized
predictive entropy Hyorm = —log% Zfi 1 pilog p;.
Based on these metrics, we formulate EU and AU
as follows:

EU=1-F (€]

AU = Hnorm -E (5)

In this formulation, EU captures the hallucination
risk derived from a lack of overall confidence. Con-
versely, AU isolates the inherent ambiguity that
occurs when the model possesses knowledge (high
F) but faces competing valid options (high Hporm).
Finally, all candidate actions are added to the search
tree with their prior probability set to FPron = p;.

Simulation Instead of random rollouts, an evalu-
ation agent assesses the potential of the new state to
yield a base feasibility score Spase. If the score in-
dicates success (Spase > T), the action is accepted,
and we directly assign the reward R = Spase. For

low scores (Spase < 7), We employ an uncertainty-
aware modulation strategy to process the failure.
The handling method and exploratory purpose for
each condition are defined as follows:

1. High EU and High AU (Strict Penalty): The
state is chaotic and unreliable. We assign a se-
vere penalty (R = —5) to strictly prohibit the
search from selecting this path in the future.

2. High EU and Low AU (Relaxed Penalty): The
agent lacks domain knowledge, implying a
hallucination. We assign a standard penalty
(R = —1) to encourage the search to back-
track and explore the parent’s sibling nodes.

3. Low EU and High AU (Normal): The agent
possesses knowledge but faces stochastic am-
biguity. We retain the base score (R = Spase)
to encourage the search to select different can-
didate actions under the same node.

4. Low EU and Low AU (Regenerate): The
agent is confident, but the execution yields
a low score. This indicates a deterministic
error. We assign a zero reward (R = 0) to
trigger the agent to regenerate new actions
based on the current node.

Backpropagation Finally, the modulated reward
R is backpropagated to update the statistics of all
ancestor nodes along the trajectory. We employ an
iterative mean update rule to ensure value stability:

N(s,a) « N(s,a)+1 (6)
R — Q(S,CL)
N(s,a)

This uncertainty-aware update ensures the MCTS
converges to a robust policy that avoids epistemic
ignorance while managing aleatoric ambiguity.

Q(s,a) < Q(s,a) + )

4 Experiments

4.1 Experimental Setup

Datasets We evaluate WebUncertainty on two
benchmarks designed for complex, long-horizon
web tasks. WebArena (Zhou et al., 2024) serves as
the primary simulation environment. It comprises
812 tasks derived from realistic platforms, such as
GitLab and Reddit. Following Zhang et al. (2025),
we adopt the text-only setting based on accessibil-
ity trees to focus on semantic reasoning. For live
web evaluation, we utilize WebVoyager (He et al.,
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2024). To ensure reproducibility and objectivity,
we employ a curated subset of 129 tasks across
13 diverse environments, including Amazon and
Google Maps. We strictly exclude unstable pages
and open-ended questions to focus on deterministic
outcomes.

Metrics We report Success Rate (SR) as the pri-
mary metric for functional correctness across all
experiments.

Compared Baselines To evaluate WebUncer-
tainty, we compare it against four state-of-the-art
agents representing distinct paradigms. Browser
Use? serves as a fundamental baseline for stan-
dard web automation. Agent-E (Abuelsaad et al.,
2024) benchmarks our task uncertainty-driven plan-
ning against conventional hierarchical architec-
tures. WebPilot (Zhang et al., 2025) utilizes
MCTS, providing a direct comparison for our ac-
tion uncertainty-driven strategy. Finally, AgentOc-
cam (Yang et al., 2025a) evaluates the agent’s ro-
bustness in observation-action alignment.

Implementation Details To ensure a fair com-
parison and assess generalizability, we conduct all
experiments using two distinct LLM backbones:
Qwen-Max-2025-01-25 and GPT-4-turbo-2024-04-
09. We execute WebUncertainty and all baselines
independently on each backbone. This setup dis-
entangles architectural contributions from the un-
derlying model capabilities. For both LLMs, we
fix the temperature at 0.3. In the MCTS reasoning
module, we set the maximum node expansion limit
to 10 per subgoal and the exploration weight wpyct
to 5. These settings balance exploration breadth
with exploitation efficiency.

4.2 Results on WebArena

Table 1 presents the comparative analysis on the
WebArena benchmark. WebUncertainty estab-
lishes a new state-of-the-art. It achieves an over-
all SR of 46.9% with GPT-4-Turbo. This perfor-
mance surpasses the strong baseline AgentOccam
(43.1%) and significantly outperforms the search-
based competitor WebPilot (37.6%). These re-
sults empirically validate our dual-level uncertainty
framework. It effectively mitigates the rigid plan-
ning and hallucination issues that hinder conven-
tional agents in complex, long-horizon tasks.

2https://github.com/browser-use/browser-use

Adaptability in High-Uncertainty Domains
Disaggregated analysis reveals that WebUncer-
tainty excels in domains with high ambiguity and
interaction complexity. The Reddit domain in-
volves dense textual content and ambiguous user
intents. Here, our agent achieves a 67.0% SR. It
surpasses AgentOccam (61.3%) and nearly dou-
bles WebPilot’s performance (37.7%). This gain is
attributed to the Action Uncertainty-Driven MCTS
Reasoning Mechanism. By quantifying AU, the
agent identifies ambiguous states with multiple
plausible actions (High AU). It then prioritizes ex-
ploration over premature commitment to avoid lo-
cal optima.

The GitLab domain requires precise execution
of long-horizon workflows. In this domain, our
method achieves a 40.0% SR, compared to WebPi-
lot’s 33.3%. This improvement validates the Task
Uncertainty-Driven Adaptive Planning Mechanism.
The agent dynamically switches between explicit
decomposition for global coherence and implicit
stepping for unexpected environmental states. This
ensures robust navigation in technical environ-
ments.

Robustness Across Reasoning Backbones To
assess architectural generalizability, we evaluate
performance using Qwen-Max. As shown in the
bottom section of Table 1, WebUncertainty main-
tains its lead with an overall SR of 40.1%. It
outperforms AgentOccam (38.4%) and WebPilot
(34.5%).

Notably, our framework powered by Qwen-Max
outperforms the GPT-4-Turbo version of WebPilot
(37.6%). This result underscores the efficacy of the
ConActU strategy. By explicitly quantifying EU,
our framework enables weaker models to detect
their own knowledge boundaries. They can then
prune hallucinated actions (High EU) before exe-
cution. This uncertainty-aware filtering effectively
compensates for the lower intrinsic reasoning ca-
pability of the backbone model. It prevents the
snowball effect of errors common in long-horizon
tasks.

4.3 Results on WebVoyager

We extend our evaluation to WebVoyager to assess
robustness in live, open-domain web environments.
Unlike the controlled simulation of WebArena, We-
bVoyager involves real-world websites, such as
Amazon and Google Maps. These sites feature dy-
namic content loading, complex DOM structures,
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Agent Backbone SR (%) Shop Admin GitLab Map Reddit Multi
WebArena-rep GPT-4-Turbo 16.5 16.6 15.9 10.0 22.9 21.7 16.7
Browser Use GPT-4-Turbo 16.9 15.0 17.6 10.6 23.9 23.6 14.6
Agent-E GPT-4-Turbo 13.9 13.4 10.4 11.1 19.3 20.8 12.5
WebPilot GPT-4-Turbo 37.6 41.2 43.4 333 37.6 37.7 16.7
AgentOccam GPT-4-Turbo  43.1 40.6 45.6 37.8 468 613 14.6
WebUncertainty GPT-4-Turbo 46.9 47.6 49.5 40.0 459  67.0 18.8
Agent-E Qwen-Max 14.2 12.3 9.9 12.8 17.4 23.6 14.6
WebPilot Qwen-Max 345 40.1 33.0 29.4 40.4 36.8 18.8
AgentOccam Qwen-Max 38.4 41.2 429 333 27.5 55.7 16.7
WebUncertainty Qwen-Max 40.1 42.8 38.5 37.8 38.5 57.5 10.4

Table 1: Performance comparison on WebArena. The SR is reported over 812 tasks across domains: Shopping,
Shopping Admin, GitLab, Map, Reddit, and Multisite. The best results for each backbone group are highlighted in

bold.
Agent Backbone SR (%)
WebVoyager-rep  GPT-4-Turbo 50.4
Browser Use GPT-4-Turbo 51.9
Agent-E GPT-4-Turbo 59.7
WebPilot GPT-4-Turbo 62.0
AgentOccam GPT-4-Turbo 64.3
WebUncertainty GPT-4-Turbo 65.9
WebVoyager-rep  Qwen-Max 46.5
Browser Use Qwen-Max 48.8
Agent-E Qwen-Max 54.3
WebPilot Qwen-Max 55.8
AgentOccam Qwen-Max 58.9
WebUncertainty Qwen-Max 63.6

Table 2: SR comparison on the WebVoyager bench-
mark. The evaluation is conducted on a curated subset
of 129 tasks involving real-world websites with deter-
ministic outcomes. Best results for each backbone are
highlighted in bold.

and potential network latency.

Robustness in Dynamic Real-World Settings
As detailed in Table 2, WebUncertainty consis-
tently achieves the highest SR across both back-
bone models. With GPT-4-Turbo, our method at-
tains a 65.9% SR. It outperforms the strongest base-
line AgentOccam (64.3%) and the search-based
WebPilot (62.0%). AgentOccam enhances per-
formance by optimizing observation grounding.
However, it often struggles to recover from ex-
ecution failures caused by unpredicted interface
changes, such as pop-ups or layout shifts. Our

framework addresses this limitation through the Ac-
tion Uncertainty-Driven MCTS Reasoning Mecha-
nism. The ConActU strategy distinguishes between
epistemic hallucinations and aleatoric environmen-
tal noise. It penalizes high-risk paths and encour-
ages the exploration of alternative actions during
confident but unsuccessful executions (Low EU,
High AU).

Efficiency on Weaker Backbones Results on
the Qwen-Max backbone demonstrate the architec-
tural efficiency of our approach. WebUncertainty
achieves a 63.6% SR, outperforming AgentOccam
(58.9%) and WebPilot (55.8%) by a substantial
margin. Notably, our framework powered by the
weaker Qwen-Max model outperforms the GPT-
4-Turbo version of WebPilot (63.6% vs. 62.0%).
This highlights a critical insight. In complex web
navigation, raw LLM reasoning capability faces
diminishing returns without effective uncertainty
management. Our framework models Task Un-
certainty to adaptively switch planning modes. It
also uses Action Uncertainty to prune search trees.
This dual-level strategy empowers weaker models
to achieve performance levels comparable to, or
exceeding, stronger models that rely on standard
architectures.

4.4 Ablation Studies

To disentangle the contributions of individual com-
ponents within our framework, we conduct abla-
tion studies on both WebVoyager and WebArena
benchmarks using the Qwen-Max backbone. We
introduce three variants to strictly isolate the ef-
ficacy of the Task Uncertainty-Driven Adaptive
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Figure 3: Ablation study using the Qwen-Max back-
bone.

Planning Mechanism and the Action Uncertainty-
Driven MCTS Reasoning Mechanism. The com-
parative results are visualized in Figure 3.

Impact of Task Uncertainty-Driven Planning
We analyze the necessity of the adaptive plan-
ning mechanism by freezing the agent into static
explicit-only or implicit-only modes (blue bars in
Figure 3). The results reveal a distinct domain-
dependent preference. On WebArena, the explicit-
only mode outperforms the implicit-only mode
(39.2% vs. 38.2%). The implicit mode struggles to
maintain the global thread in deep, structured work-
flows. Conversely, on WebVoyager, the implicit-
only mode surpasses the explicit-only mode (58.1%
vs. 56.6%). Rigid plans generated by the explicit
mode often become obsolete due to high environ-
mental volatility. Crucially, the full WebUncer-
tainty framework consistently achieves the highest
performance (63.6% and 40.1%). This confirms
that task uncertainty effectively signals when to
switch between explicit decomposition for stability
and reactive stepping for flexibility.

Impact of Action Uncertainty-Driven Reasoning
The w/o Action Unc. variant (gray bar) removes
the ConActU strategy. This reverts the execution
phase to standard MCTS and causes the most sig-
nificant performance degradation. The SR drops by
9.3% on WebVoyager and 3.4% on WebArena. The
critical flaw of the standard MCTS baseline lies in
its inability to decouple error sources. Without EU
quantification, the agent cannot identify hallucina-
tions, often wasting search budget expanding nodes
on nonexistent elements. Simultaneously, without
AU awareness, it treats ambiguous states with mul-
tiple valid actions as failures. The agent prunes

promising branches instead of triggering neces-
sary exploration. The superior performance of
WebUncertainty proves that distinguishing chaotic
states from confident failures is essential for robust
decision-making.

4.5 Performance-Cost Analysis

MCTS-based reasoning increases computational
overhead. However, this is a deliberate trade-off
to ensure robustness in complex web tasks. In
these scenarios, the cost of a single execution error
significantly outweighs the inference cost.

Importantly, our framework optimizes the
MCTS process. It achieves higher performance
with lower computational costs than existing
search-based methods. As quantified in Table 3,
we evaluate the average inference time per task on
WebVoyager using the Qwen-Max backbone. We-
bUncertainty reduces the average inference time
by over 56% compared to WebPilot (351.4s vs.
803.7s). It simultaneously improves the SR from
55.8% to0 63.6%. Future deployments will explore a
more systematic performance-cost analysis, includ-
ing average token usage and total inference cost,
to further demonstrate the framework’s real-world
practicality.

Agent SR (%) Avg. Time (s)
WebVoyager-rep 46.5 204.9
Browser Use 48.8 264.6
Agent-E 54.3 224.7
WebPilot 55.8 803.7
AgentOccam 58.9 306.5
WebUncertainty 63.6 3514

Table 3: SR and Average Inference Time comparison
on WebVoyager using the Qwen-Max backbone.

4.6 Sensitivity Analysis

To assess the robustness of our framework, we con-
duct a sensitivity analysis on the planning switch
threshold § and the evaluation threshold 7. The
threshold ¢ balances long-horizon coherence from
explicit planning with reactive flexibility from im-
plicit planning.

As shown in Table 4, our framework demon-
strates strong robustness. It consistently exceeds
the strongest baseline (AgentOccam at 58.9%)
across a wide range of values. The framework
achieves the optimal SR at § = 0.4 and 7 = 6.
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Threshold Values & SR (%)
1) 00 02 04 06 08 1.0
SR (%) 58.1 597 63.6 62.8 589 56.6

T 0 2 4 6 8 10
SR (%) 527 574 620 63.6 612 0.0

Table 4: Sensitivity analysis of hyperparameters § and
7 on WebVoyager (Qwen-Max).

5 Conclusion

In this work, we presented WebUncertainty, an au-
tonomous agent framework that tackles dynamic
interactions and long-horizon execution by model-
ing dual-level uncertainty. Our Task Uncertainty-
Driven Adaptive Planning Mechanism adaptively
switches planning modes to ensure robust goal
alignment. Furthermore, our Action Uncertainty-
Driven MCTS Reasoning Mechanism leverages
the ConActU strategy to prune hallucinations and
guide decision-making. Extensive experiments on
WebArena and WebVoyager demonstrate that We-
bUncertainty achieves state-of-the-art performance.
These results validate the efficacy of integrating un-
certainty awareness into the planning and reasoning
of web agents.

Limitations

Despite its promising performance, WebUncer-
tainty presents several limitations. First, MCTS
and multiple candidate generation introduce com-
putational overhead. Although our framework re-
duces inference time by 56% compared to WebPi-
lot, this trade-off for robustness may still hinder
deployment in real-time or low-cost applications.

Second, our text-only implementation relies on
accessibility trees. The agent may therefore strug-
gle with visually intensive websites where critical
information is conveyed through spatial layouts or
color coding rather than semantic text.

Finally, the framework depends on empirical
hyperparameters (the thresholds § and 7) and the
intrinsic calibration of the backbone LLMs. While
generally robust, rigid settings may cause subop-
timal mode switching in highly volatile environ-
ments. Future work will explore adaptive tuning
strategies to reduce this dependence.

Ethics Statement

This research involves autonomous agents interact-
ing with live web environments. We ensured that all
automated interactions were strictly for benign aca-
demic purposes, intentionally avoiding malicious
actions, unauthorized data collection, or server dis-
ruption. Furthermore, as our framework relies on
large language models, we acknowledge the in-
herent risks of propagated biases and hallucinated
actions. We strongly advocate for human-in-the-
loop oversight before deploying such autonomous
agents in critical real-world applications to prevent
unintended consequences.
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