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Abstract

Test-time scaling in agentic tasks often relies on generating long reasoning traces
(“think” more) before acting, but this does not allow agents to acquire new informa-
tion from the environment or adapt behavior over time. In this work, we propose
scaling test-time interaction, an untapped dimension for test-time scaling that in-
creases the agent’s interaction horizon to enable rich behaviors such as exploration,
backtracking, and dynamic re-planning within a single rollout. To demonstrate
the promise of this scaling dimension, we situate our study in the domain of web
agents. We first show that even prompting-based interaction scaling can improve
task success on web benchmarks non-trivially. Building on this, we introduce T71,
a curriculum-based online reinforcement learning (RL) approach that trains agents
by adaptively adjusting their interaction lengths during rollout. Using a Gemma 3
12B model, TTI sets a new state-of-the-art among open-source agents trained on
public data on WebVoyager and WebArena.

1 Introduction
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Figure 1: We propose a new-axis of test-time scaling for agents: scaling the number of interaction steps.
Unlike traditional methods that emphasize longer reasoning per step, we show that acting more helps gain new
information from the environment and improve task performance (detailed results of the left plot in Section 4.2).
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Recent advances in foundation models have enabled a shift from static language models to interactive
agents that perform multi-step tasks in dynamic environments like browsers [1—6], terminals [7], and
the physical world [8—13]. These agents operate in closed-loop settings where each action changes the
current state of the world and affects future interaction with the environment. As a result, interactive
agents must plan under uncertainty and adapt to failures in real time to be successful. How can we
build agents that succeed in such interactive settings?

Current post-training approaches produce reactive agents that respond to immediate observations
but struggle with evolving or uncertain task dynamics. Methods like supervised fine-tuning (SFT) on
expert demonstrations [14—18] or reinforcement learning (RL) with task rewards [19-23] typically
train agents to predict a single best action at each step. Even with test-time scaling, where agents
are prompted to “think” longer before prescribing an action [24-26], they are still optimized to select
the most effective action based on the agent’s internal state. While sufficient for fully observable and
stationary tasks, reactive policies based on the agent’s internal estimate of the task state are often sub-
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optimal in partially observable (e.g., incomplete details visible on a page) or non-stationary (e.g., fluc-
tuating prices during flight booking) settings, where adaptive, information-seeking behavior is critical.

In this paper, we argue that instead of reactive “optimal” policies, agents should learn adaptive
policies that can collect new information from the environment and adjust their behaviors on-the-fly.
A pre-requisite for such adaptability is the ability to take more actions during deployment than
those prescribed by an expert trajectory. We therefore propose a new dimension of test-time scaling:
increasing the number of interaction steps of the agent. This allows agents to have sufficient
context and time to attempt different behaviors. For example, in a hotel booking task, an agent must
first browse many listings to compare user reviews and check availability before selecting the best
option. Interaction scaling is orthogonal to existing methods based on chain-of-thought (CoT), which
emphasize deeper reasoning per step but do not support information-gathering from the environment.
This notion of information gain is unique to agentic tasks with partial observability and requires
interaction, not merely larger per-step compute. For instance, an agent that reasons deeply about one
selected hotel without interacting further may miss better options that show up only after exploration.

Although the idea of interaction scaling is conceptually straightforward, extending it to post-training
and teaching agents to scale interaction autonomously presents key challenges. Without appropriate
training signals, agents may overfit to exploratory behaviors like blindly clicking links but not making
progress toward the actual task objective, wasting the additional steps. To tackle this issue, we
propose to combine online RL with a curriculum that prescribes how to scale the interaction horizon,
training agents that first learn effective exploitation before extending their horizon to explore.

We instantiate our approach in the domain of web agents, a widely applicable setting with well-
established benchmarks. We first show that scaling test-time interaction via prompting the agent to
“think and act again” after it decides to terminate can already improve the task success rate from
23% to > 28% on WebArena [2]. While this increases trajectory length and the number of tokens
generated, spending an equivalent amount of compute on conventional test-time scaling methods like
forcing the agent to think for longer [27] or running best-of-n [28-30] yields less than a 3% gain.
These validate interaction scaling as a promising and complementary axis of test-time scaling.

We then move beyond prompting and develop T7TI (Test-Time Interaction), a curriculum RL approach
that trains agents to adaptively scale interaction by gradually increasing the rollout horizon. We scale
TTI to >100K training tasks across ~20 domains, TTI achieves state-of-the-art performance among
open-source agents trained on open data on both WebVoyager [1] and WebArena [2], using only a
12B Gemma 3 model, improving over the non-fine-tuned agent by 9% and 8%, respectively. Our
analysis further shows that curriculum training enables adaptive exploration: agents learn to initiate
new searches or backtrack in complex tasks, while following efficient paths in simpler ones.

2 Related Work

Scaffolded foundation models as web agents. Prior works use external control stuctures to scaffold
foundation models via modular prompting [31, 6, 32-35], programs [36, 37], or feedback mecha-
nisms [38, 39]. These methods often rely on proprietary models like GPT-4 [40] or Claude [41].
Thus, progress is largely driven by designing better prompts and workflows for planning [42—44],
self-correction [45], self-evaluation [46, 47], or by integrating external modules such as memory [48]
or retrieval systems [49]. More recently, developing specialized agents has become a promising
direction [14]. Automated data curation workflows [50-52] and distillation approaches [18] are also
developed. Despite these research efforts, scaffolding approaches remain fundamentally limited: they
do not enable agents to self-improve through interaction, and rely on fixed behavioral wrappers that
lack adaptability across diverse tasks or environments.

RL training for foundation model agents. RL-based approaches provide an alternative by en-
abling agents to autonomously improve through interaction. Recent work has explored DPO [53],
actor-critic [20, 21, 54], or distributed sampling [55]. Full pipelines like PAE [19] and Learn-By-
Interact [56] support automatic task generation, exploration, and labeling. However, most of these
approaches lack explicit mechanisms for test-time exploration, limiting the agent’s ability to dynam-
ically adapt behavior over long horizons. Our work addresses this limitation by scaling test-time
interaction as an independent dimension, allowing agents to refine behavior while acting. Curriculum-
based RL is used in AutoWebGLM [57] and WebRL [23]. However, their curricula are based on task
difficulty, whereas we adapt the interaction horizon.
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Scaling test-time compute. Increasing test-time compute via best-of-n sampling [29], beam
search [58, 59], or verifiers [60—62] has shown to improve performance in reasoning-heavy tasks. In
non-interactive settings like math and competitive coding, recent methods train models to generate
long CoT and scale reasoning internally [e.g., 63, 27, 64]. As for multi-turn interactive settings,
most existing works simply integrate CoT prompting into the agent system to enhance per-step
reasoning [e.g., 65, 44]. EXACT [66] scales up the search process for each action, GenRM-CoT [67]
the number of verifiers, and Jin et al. [68] the number of agents. However, none of these efforts study
the benefits of scaling over the time horizon, where the agent can explore alternatives, backtrack, or
gather more information before committing to certain actions. Our work extends this line of research
by introducing test-time scaling of interaction. As we will show in our empirical results (Section 4.2),
the benefits of scaling test-time interaction go beyond scaling test-time compute within each step,
because each extra step of interaction with the environment provides new information to the agentic
policy, whereas thinking for longer simply reorganizes information that the agent already has.

3 Problem Setup

We consider solving a web task as a finite-horizon decision-making process'. The environment
implements a transition function that evolves over time and provides an observation o, at step ¢t. The
agent policy 7 is parameterized by a multi-modal model that maps observation history 0;.;—; and
action history a1.;—1 to the next action a;. Denote the horizon, or the maximum number of interaction
steps allowed in the environment, as k. For each task, the interaction process ends when the agent
issues a stop signal or reaches the step limit h. Let hgiop € (0, h] be the actual number of steps taken.
The agent receives a reward of 1 for task success, and 0 otherwise. Our observation space consists
of the task goal, the URL, the accessibility tree of the web page and a screenshot augmented with a
set-of-marks [1]. Our action space consists of six actions: click, type, scroll, go back, search (e.g.,
Google or Bing), and stop the task with an answer. For details, see Appendix C.1.

4 Scaling Test-Time Interaction: A New Dimension of Agent Scaling

Prior methods for agent test-time scaling usually scale the number of thinking tokens at each step,
but this does not enable the agent to engage in longer interactions with the environment to collect new
information. In principle, scaling the maximum number of interaction steps should allow the agent to
employ richer behavioral strategies such as exploration, backtracking, and recovery. We will now ver-
ify this hypothesis through controlled experiments on WebArena [2]. We will then build upon these in-
sights to develop TTI, an online RL method to explicitly train agents to optimize test-time interaction.

Experiment setup. We choose WebArena [2] as our testbed because it enables Table 1: Base results
reproducible interaction with diverse domains (OneStopShop, Reddit, GitLab, averaged over 3 runs.
CMS, and OpenStreetMap) and have ground truth evaluators. We sample Prompt  Task SR (%)
62 tasks for testing and reserve the remaining for online training (Sec. 5.1). “Aciononly  14.76
We set a generous test-time limit of h = 30, well above the 6-step average CoT 23.81
required by most tasks [48, 69]. To study the effect of increasing h, we use a

simple prompting-based agent with Gemma 3 12B [70], which observes the web page and outputs an
action via a single model call. It does not leverage any retrieval, verifiers, or other external modules,
ensuring any performance gains come solely from increased % but not auxiliary scaffolding. We
prompt the agent to generate a reasoning trace before acting (see Appendix C.1 for the templates).
As Table | shows, CoT prompting yields significantly higher task success rate (SR) than direct action
generation. We thus adopt it as the default prompting strategy.

4.1 Scaling Test-Time Interaction by Acting Longer
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Figure 2: Scaling test-time interaction by prompting the
agent to “re-check” its answer. More re-checks lead to
longer trajectories (dots) and higher task success (bars).

'While this work centers on web agents, we believe the insights should generalize to other agent domains,
and we hope future work will extend these ideas beyond web agents and web navigation.
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(two passes) to triple-check (three passes) and beyond, using slightly varied prompt phrasings for
each pass. Detailed prompts are in Appendix C.4.

As shown in Figure 2, prompting the agent to re-check not only increases the actual interaction length
hstop as expected (dotted lines), but also improves the success rates on most WebArena domains
(bars). When being asked to “check-again”, the agent either reaffirms its decision (e.g., I previously
stated the driving time was approximately 30 minutes....30 minutes seems plausible with typical traffic conditions.
I’ll stick with my previous answer.”) or revises it upon reflection (e.g., “My apologies. I jumped to a
conclusion prematurely. Although the address book *displays™ the desired address, the task requires me to
*change™ it....I should click button [24] to modify the address.””). In particular, it changes its action ~25%
of the time after double-checking. This highlights the potential of interaction scaling: when given
sufficient time, the agent is likely to explore alternatives or correct mistakes before reaching a final
answer. The chance of the final answer being correct could thus be higher.

However, we do observe that repeatedly prompting the agent to re-check can sometimes lead to
confusion, causing it to revise correct answers into incorrect ones. We attribute this limitation to the
use of prompting, which we discuss further in Section 4.2 and address by training the agent to scale.

4.2 Scaling Test-Time Interaction vs. Per-Step Test-Time Compute

Next, we examine the effect of scaling interaction relative to scaling per-step reasoning: Given a
total token budget, should agents prioritize more interaction steps or generating longer reasoning
traces at each step? To explore this, we study two test-time compute scaling methods: (1) budget
forcing [27] prompts the agent to “wait and think again” after generating a CoT, encouraging more
intermediate reasoning before it commits to an action. We vary the number of forced waits from 1 to
4; (2) best-of-n [14] samples n € {3, 5, 7} candidate actions per step and performs majority voting.
Fig. 3 (top) plots the task success against total compute,
measured by the number of tokens per trajectory in log
scale. Among the three strategies, interaction scaling
(green) shows the steepest upward trend, achieving the
highest success rate as the allowed token budgets increase.
Budget forcing (blue) yields moderate gains but plateaus
around 0.26. Despite incurring the highest cost, best-of-n
( ) brings the least improvements, suggesting that
repeatedly sampling actions per step is a less effective use
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apriori. Figure 3 (bottom) decomposes total compute into 4 6 8 10 12 14

tokens per step (y-axis) and steps per rollout (x-axis). In- # Steps Per Trajectory

teraction scaling extends along the x-axis, while per-step
reasoning scales along y-axis. We find that scaling across
steps is more effective than scaling within steps in We-
bArena tasks, likely because the former enables the agent to gather new information and enrich its
context. This ability to query and observe external feedback is unique to agentic settings but not
single-turn QA tasks. While standard per-step reasoning is constrained by the information already
available at each step, our approach takes advantage of this dynamic interaction.

Figure 3: Task success rate vs compute for
scaling interaction vs. per-step compute.

While our results highlight the potential of scaling test-time interaction, the “check-again” strategy
only allows the agent to revisit its behavior upon task completion, it does not enable it to implement
nuanced behaviors such as switching between exploration and exploitation in the middle of a
rollout. We also experimented with combining interaction scaling with budget forcing and best-of-n
(Appendix Table 6) This shows the need for methods that frain agents to optimize for best behavior
when scaling test-time interaction, rather than naive prompting.

Takeaways: Scaling test-time interaction vs. test-time compute

Gaining information about the environment by acting for longer (test-time interaction) is often more preferable
to thinking more at a step, provided a total compute budget, measured in terms of the total number of tokens.




185

186
187

189
190

191

192
193

194
195
196

197
198
199
200
201
202
203
204
205
206
207

209
210
211
212
213

214

215
216
217
218
219
220

221
222
223
224
225

Q
=
© . - . . . c .
o All Domains Harder Domain: CMS Easier Domain: Reddit o All Domains
@030 ° -V o -o_
3 020 0450 & 8 o~ B
8 028 0425 8 '
(?, 026 015 0400 £ ! ’
X 024 0375 E 6 :
7]
ﬁ 02 0.10 0350 uc_:,s
(_5 0 100 200 300 400 500 o 100 200 300 400 500 [ 100 200 300 400 500 2 0 100 200 300 400 500
I Training Step Training Step

Max Rollout Interaction = 5 Max Rollout Interaction = 10 —8— Max Rollout Interaction = 20

Figure 4: Online RL with different values of maximum interaction horizon. L: success rates for different
domains. “Harder” means generally lower success rate. R: average rollout length (hstop) on the evaluation set.

S TTI: Curriculum-Based Online RL for Scaling Interaction

How can we train agents to make effective use of test-time interaction? A natural starting point is
to draw inspiration from current approaches for optimizing test-time compute [30, 64] and extend
these ideas to interactive settings. Specifically, we can run RL with binary task rewards and longer
task horizons. However, is this approach sufficient enough? We first describe the key challenges in
learning to scale interaction, and then develop our approach to address them via curriculum learning.

5.1 Challenges of Training Agents with Long, Fixed Horizons

A natural way to encourage more steps is to train with longer horizons. To study this, we run
REINFORCE [71] with binary rewards R(-), also known as online filtered behavior cloning [72, 19]:

h—1

arggnax]ETN[aSkS{EOOSh’aUSh1~7r(.7’) [(Zlog mo(at | o<t,7')) “1[R(00:n, T) = 1]}} )]
t=0

We run it in the WebArena testbed, varying h € {5,10,20}. Smaller h exposes the agent only
to exploitative rollouts that succeed within the allowed time steps, while larger A also includes
exploratory trajectories. We use the non-test tasks for rollout. Experiment details are in Appendix D.

As shown in Figure 4 (left), agent trained with h = 5 learns quickly, likely because on-policy
RL is more sample-efficient at smaller horizons, but it also quickly overfits. This agent often
terminates prematurely during evaluation despite being allowed to interact for much longer time.
Conversely, agent trained at longer horizons generally learns policies that are quite stochastic and
learn significantly more slowly due to higher variance of policy gradient losses and optimization
challenges such as vanishing gradient [e.g., 73—75]. Moreover, we manually inspect the trajectories
and find that the i = 20 agent tends to associate exploratory actions such as “going back” or “trying
random links” with high rewards initially. This noisy credit assignment slows learning, and only after
several iterations do the agents begin to recover and produce more robust policies. The impact of
horizon is domain-dependent: in complex domains requiring exploration (e.g., CMS), long-horizon
agents outperform, while in simpler settings (e.g., Reddit), performance differences are minimal. As
a side note, the number of tokens generated per action remains relatively stable throughout training.

Importantly, although the interaction length increases as expected for h = 20 (Figure 4 right), worse
performance stemming from noisy credit assignment and slower learning suggests that simply setting
h to be large is insufficient to learn to scale test-time interaction. These observations motivate our
method’s core idea: rather than fixing the horizon throughout training, we aim to teach agents when
and how to scale their interaction length adaptively during learning.

5.2 Our Approach: Curriculum Over Interaction Horizon

To address these challenges, we propose TTI (Test-Time Interaction), a curriculum-based online RL
approach that trains the agent with short trajectories initially and gradually exposes it to longer ones.
Existing curriculum learning methods in RL [e.g., 76-80] or web agents [23, 57] have been centered
around prioritizing easier tasks followed by harder ones, and are typically built around predefined
heuristics. In contrast, we define curriculum progression in terms of the maximum number of steps an
agent performs per trajectory, and doing so does not require any external measure of task complexity.

How do we design a curriculum over the interaction horizon h? Ideally, the learning schedule
should allow the agent to first learn basic, “atomic” skills to solve easier tasks, then progressively
tackle complex ones via skill chaining and exploration. We explore two strategies: (1) a conservative,
additive increase in h per iteration, giving the agent sufficient time to solidify core task-solving skills;
and (2) a more aggressive, multiplicative increase, which assumes the agent can quickly acquire
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the basic skills and benefit from earlier exposure to exploratory behavior. Formally, for iteration ¢:

h; := clip(hmin + %, hmax) (Additive schedule) 2)
h; := clip(hmin - %, hmax) (Multiplicative schedule) 3)

We store the rollouts in a replay buffer and assign higher weights to more recent trajectories. The
full pseudocode for TTI and implementation details are provided in Appendix E.

Table 2: Comparing the

Empirical insights. We instantiate these two strategies in WebArena, using ; !
scheduling strategies.

the non-test tasks for online training. We set Ay, to 10 and hpax to 30,

and apply the schedules on top of filtered BC. Evaluation results after 10 i;l;e.?"le Tasggs ?0(%)
iterations are shown in Table 2. Multiplicative schedule outperforms the Mu];i;iecaﬁve 3225
additive one, possibly because it exposes the agent to longer horizons early
on and helps prevent it from overfitting prematurely to shortcut behaviors like always taking the
shortest path. Based on these findings, we adopt the multiplicative schedule as the default for T71.

Results in Table 2 show that even with limited data (~700 training tasks), adaptive TTI outperforms
the fixed h = 20 baseline in Figure 4 by nearly 3%, using 40% fewer training steps over 10 iterations.
In the next section, we demonstrate this advantage carries over to large-scale online training.

Takeaways: Curriculum training is key to effective interaction scaling

Our approach scales horizon using a curriculum over the course of training and outperforms fixed-horizon
approaches. TTI’s multiplicative schedule is more effective, improving both learning speed and final SR.

6 Experiments: Scaling Up to Realistic Benchmarks

We now provide a comprehensive evaluation of T77 in large-scale, realistic environments, specifically:
(1) WebVoyager [1] with 427 tasks across 13 domains; and (2) full WebArena [2] with 812 tasks.

Training. To enable large-scale training without training on the benchmark itself, we adopt synthetic
task generation inspired by PAE [19] and generate 140K synthetic tasks across diverse real-world
domains and WebArena’s self-hosted domains. We leverage a prompting-based verifier based on
Gemma 3 27B and using action histories and screenshots to label rollouts. For the agent, we use
Gemma 3 12B [70] as the base model and train it for 10 iterations with a multiplicative schedule
with hpin = 10 and hyae = 30. Other training hyperparameters and prompt templates are in
Appendix F.3 and Appendix F.1, respectively.

Baselines. We compare with zero-shot Gemma 3 12B and fixed-horizon baselines with & € {10, 30}.
We also compare to prior work, including closed-source agents (e.g., those based on GPT-4 [40]
and Claude [41]), open-weight models trained on proprietary data (e.g., UI-TARS [81]), and fully
open-weight, open-data models (e.g., PAE [19]).

6.1 WebVoyager Results and Analysis

State-of-the-art open-weight, open-data performance. We report the overall task success rates
(SR) on WebVoyager in Table 3. The TTIGemma 3 12B achieves an average SR of 64.8%, setting a
new state-of-the-art among open agents trained purely on public data. While previous methods such
as UI-TARS achieves a strong SR of 84.8%, they rely on private human-annotated data that remains
inaccessible to the open-source community. In contrast, 777 is trained entirely on synthetic data
generated by the base model (Gemma 3 12B) itself, meaning that our training protocol implements a
form of self-improvement. TTI also obtains the highest SR in 8 out of 13 domains.

TTI outperforms fixed-horizon via adaptive exploration. Table 3 also shows our curriculum ap-
proach outperforms fixed h = 10 baseline by 5.7% and fixed h = 30 baseline by 19.6%. To better
understand the use of interaction within a rollout, we plot the average number of interaction steps
on a held-out validation set with 78 tasks in Figure 5 (a). Note that the agent trained with h = 10
learns to continuously reduce the maximum number of steps it spends in a rollout, while h = 30
quickly drifts into aimless exploration and executes a larger number of steps pre-maturely in training,
hindering performance. This aligns with our findings in Section 5.1. Also, when training with 771,
the interaction length of the agent’s rollouts first decreases but then starts to increase as the maximum
allowed horizon increases, indicating that an adaptive curriculum enables effective interaction scaling.

Figure 5 (d) shows that the task success rate also grows over time and correlates with the expanding
horizon. While the average task success rates for TTI are better, we observe notable per-domain
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Table 3: TTI Gemma 3 12B achieves the best performance among open-weight agents trained on public
synthetic data. Baseline results are taken from Zhou et al. [19], Qin et al. [81].

Model Average Allrecipes Amazon Apple ArXiv GitHub ESPN Coursera Cambridge BBC Map Search HuggingFace WolframAlpha
Proprietary Model
Claude 3.7 84.1 - - - - - - - - - - - - -
Claude 3.5 50.5 50.0 683 604 465 585 273 786 86.0 36.6 58.5 30.2 442 66.7
OpenAl CUA 87.0 - - - - - - - - - - - -
AgentE 73.1 71.1 707 744 628 829 713 85.7 81.4 73.8 87.8 90.7 81.0 95.7
Open Model, Proprietary Human-Annotated Data
UI-TARS-1.5 84.8 - - - - - - - - - - -
Open Model, Open Synthetic Data
LLaVa-34B SFT  22.2 6.8 268 233 163 49 8.6 26.8 67.4 16.7 12.2 233 20.9 38.1
PAE-LLaVa-7B 223 14.3 37.5 175 190 146 0.0 333 524 18.6 225 233 19.0 24.4
PAE-LLaVa-34B  33.0 22.7 537 385 256 146 13.6 429 74.4 39.0 22.0 18.6 25.6 429
Gemma 3 12B 55.8 25.7 323 455 606 548 60.6 563 69.6 65.6 54.8 72.7 66.7 61.1
Fixed h = 10 59.1 25.7 741 515 757 709 441 59.3 66.7 50.0 41.9 60.6 755 722
Fixed h = 30 45.2 20.0 419 606 424 419 500 344 60.6 25.0 29.0 63.6 45.5 69.4
TTI (Ours) 64.8 571 483  69.6 66.6 452 563 469 85.2 81.2 66.7 72.7 75.7 79.4
@ Trajectory Length (Centered) @ GoBack & Bing (Centered) @ Tokens Per Step (Centered)
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Figure 5: Dynamics of TTI during training. The green area represents the phase where the maximum allowed
interaction horizon is the largest (h = 30), per our multiplicative schedule. All results are evaluated on a held-out
subset of WebVoyager, not on the training tasks. a: Average trajectory length, i.e. the average number of steps
taken in a trajectory normalized by the average length at the first iteration (iteration 0). b: Ratio of the sum of
GoBack and Bing actions out of all actions normalized by the first iteration. ¢: The average number of tokens
(CoT lengths) per action. d: Average task success rates for T7T1. e: Per-domain success rates for T71.

differences. Figure 5 (e) shows representative per-domain success rates. On domains like Allrecipes
and Cambridge, TT1 significantly outperforms fixed-horizon and zero-shot approaches, improving
success rates by 31.4% and 15.6%, respectively, likely because these domains are highly information-
dense and benefit from extended exploration enabled by adaptive interaction scaling. However, in
domains like Amazon and GitHub, TTI underperforms the baselines. We notice that the base model
already has strong knowledge about domain-specific terminologies (e.g., commit history, forks, stars)
in these domains, resulting in high base performance. Inspecting the rollouts, we find that instead
of using built-in filters and sorting, 771 can engage in exploration behaviors such as initiating Bing
searches or consulting external sites. This exposes the agent to noisy or distracting information,
reducing task success. We discuss this amd include more case studies in Appendix F.4.

Learning dynamics of 7T7T1. To study how TTI enhances the “within-rollout” exploration capabilities
of the agent, we measure the number of GoBack and Bing actions over the course of training. GoBack
actions measure the number of retries the agent makes within an episode to get unstuck during
exploration. Bing actions correspond to the number of times the agent attempts to seek information
by moving to bing.com. As shown in Figure 5 (a, b, and d), the performance of TTI improves
substantially as the number of GoBack and Bing actions and the trajectory length grow.

Also note that the trajectory length and the numbers of GoBack and Bing actions begin to increase
with TTI, once the maximum allowed horizon length is increased as a part of the curriculum schedule
(this regime is shown by the green shaded area in Figure 5). In contrast, these quantities continuously
decrease over the course of training for the run with a lower number of maximum interaction steps
(h = 10). We also find that the trajectory length shoots up substantially for the run with h = 30
and this correlates with worse performance. Finally, as shown in Figure 5 (c) we also note that as
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Table 4: Full WebArena results. For proprietary agents, we include the top 8 from the official leaderboard. We
do not train fixed h = 30 baseline due to its generally poor performance and large compute cost for training.

Method Backbone Average Shopping CMS Reddit GitLab Maps
Proprietary-Based  IBM CUGA [82] - 61.7 - - - -
OpenAl CUA [4] - 58.1
Jace Al [83] - 57.1 - - - - -
ScribeAgent [14] GPT-40 + Qwen2.5 32B 53.0 45.8 37.9 73.7 59.7 56.3
AgentSymbiotic [18] Claude 3.5 + Llama 3.1 8B 485 48.7 412 63.2 472 57.8
Learn-by-Interact [56] Claude 3.5 Sonnet 48 - - - - -
AgentOccam-Judge [33] GPT-4 45.7 433 46.2 67.0 38.9 52.3
WebPilot [34] GPT-40 37.2 36.9 24.7 65.1 39.4 339
Fully Open-Source  Learn-by-Interact [56] Codestral 22B 242
(Self-Improvement) AgentTrek [35] Qwen2.5 32B 224
AutoWebGLM [57] ChatGLM3 6B 18.2 - - - - -
NNetnav [84] Llama 3.1 8B 72 7.4 42 0 0 28.5
T Zero-Shot Baseline =~ Gemma312B° 83"~ 7267 87 309 55 277
Fixed h = 10 Gemma 3 12B 23.8 28.4 15.6 26.0 13.2 34.7
Fixed h = 30 Gemma 3 12B 19.0 25.7 9.7 29.8 8.7 28.57
TTI (Ours) Gemma 3 12B 26.1 339 15.5 353 15.7 40.5

the agent’s trajectory grows longer with TTI, the number of tokens appearing in per-step reasoning
actually becomes smaller. This implies that our agent is automatically learning to tradeoff interaction
for per-step compute in order to attain higher performance and prevents any issues with overthinking.

6.2 WebArena Results and Analysis

Benchmark results. We further assess 771 on the full WebArena [2] (we only use the model-based
evaluator for training but use the original benchmark evaluators for evaluation). As shown in Table 4,
TTI obtains the highest performance among open-source agents trained entirely via self-improvement,
without relying on proprietary models for task completion or distillation. While T'7T improves over
the zero-shot baseline by 7.8%, the gains are smaller than on WebVoyager, possibly because: (1)
WebArena tasks are more complex, as reflected in lower accuracies even for proprietary models,
leading to fewer successful rollouts per iteration and slower learning; (2) agents sometimes mistake
WebArena sites for real websites and attempt invalid actions (e.g., searching works well on Reddit but
fails on WebArena’s Postmill due to environment bugs). More experiment details are in Appendix G.

Further scaling. While 771 equips agents with the ability to adjust
their interaction horizon during deployment, an open question re-
mains: Can we further amplify performance by combining TTI with
inference-time interaction scaling techniques such as re-checking?
To explore this, we apply the “check-again” strategy (Section 4)
to intermediate TTI checkpoints. Due to the high evaluation cost
associated with evaluating on full WebVoyager or WebArena, we
leverage the WebArena subset checkpoints obtained in Section 5.2.

Before Training
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# Tokens Per Trajectory (K)

o ) ) ) Figure 6: We apply test-time re-
As shown in Figure 6, applying re-checking on top of TTIimproves  checks to TTI checkpoints.
task success across various training stages. The benefits are more
obvious in the early stages of training, when the agent has a stronger bias to terminate prematurely.
As training progresses, TTI encourages longer interaction traces that naturally incorporate behaviors
like re-checking, reducing the added benefit of explicit re-checks. Nonetheless, even in later stages,
re-checking continues to provide modest gains, serving as a safety-check for well-trained agents.

7 Conclusion

In this work, we introduced interaction scaling as a new dimension of test-time scaling for interactive
agents. Through empirical studies on web agents, we validate that interaction scaling enables agents
to explore and adapt dynamically, significantly improving task performance. We hope that this work
opens new directions in agentic reasoning and inspires broader applications beyond web navigation.

Limitations and future work. Our experiments are limited to web environments; extending this
method to other domains like robotics or open-world games requires further exploration. Besides,
scaling interaction steps increases computational costs during both inference and training. Although
our adaptive scheduling helps, more efficient handling of long interactions is needed. In addition, our
training relies on simple behavior cloning; future work could incorporate more advanced RL methods
like PPO [85], GRPO [63] to improve performance. Lastly, due to high compute cost, we only ran the
full benchmark once per setting, limiting the ability to quantify variance from policy, environment,
and evaluator stochasticity. Future work should explore multiple runs or more robust evaluation.
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A Broader Impact

This work contributes to the development of more adaptive and capable Al agents by introducing a new
test-time scaling dimension focused on interaction rather than per-step reasoning alone. While this
approach improves robustness and generalization in open-ended environments, it also raises important
considerations. Increased agent autonomy can amplify both the benefits and risks of deployment
in real-world systems. Moreover, agents capable of richer behaviors could be applied to sensitive
domains (e.g., customer service, education, or automation workflows) where unintended actions
could have large impacts. We encourage future work to consider ethical safeguards, interpretability
tools, and human-in-the-loop designs when deploying interaction-scaled agents. Our experiments are
conducted entirely in simulated environments, and we hope this work inspires further research on
controllable and trustworthy agent behavior under realistic constraints.

B Observation Space Design

We use the screenshot accompanied with the web page’s accessibility tree as our main observation.
We study two versions of accessibility tree. Rich accessibility tree is modified from the WebArena
code and looks like:

[21]: RootWebArea *Dashboard / Magento Admin’ focused: True; [0]: link "Magento Admin Panel’;
[1]: link ’DASHBOARD’; [2]: link ’SALES’; [3]: link ’"CATALOG’; [4]: link ’"CUSTOMERS’; [5]:
link " MARKETING’; [6]: link "CONTENT”; [7]: link 'TREPORTS’; [8]: link ’'STORES’; [22]: link
’SYSTEM’; [23]: link ’FIND PARTNERS & EXTENSIONS’; [24]: heading *Dashboard’; [9]: link
admin’; [10]: link ; [25]: StaticText *Scope:’; [12]: button *All Store Views’ hasPopup: menu; [13]:
link *What is this?’; [14]: button 'Reload Data’...

Simple accessibility tree is modified from the PAE code and looks like:

[1]: "Dashboard"; [2]: "Sales"; [3]: "Catalog"; [4]: "Customers"; [5]: "Marketing"; [6]: "Content";
[7]: "Reports"; [8]: "Stores"; [9]: "admin"; [12]: <button> "All Store Views"; [13]: "What is this?";
[14]: <button> "Reload Data"; [15]: "Go to Advanced Reporting"; [16]: "here";...

Rich tree contains more details such as the HTML tag and attributes like required, hasPopup
compared to simple tree. However, it is much longer than simple tree and hence harder to optimize
due to the increased context length. As simple tree gives more steady training dynamics, we mainly
use it for our experiments.

C Preliminary Test-Time Experiments on WebArena

C.1 General Prompts

General Prompt

Imagine you are an agent browsing the web, just like humans. Now you need to complete a
task. In each iteration, you will receive an observation that includes the accessibility tree of the
webpage and a screenshot of the current viewpoint. The accessbility tree contains information
about the web elements and their properties. The screenshot will feature numerical labels
placed in the TOP LEFT corner of web elements in th current viewpoint. Carefully analyze
the webpage information to identify the numerical label corresponding to the web element
that requires interaction, then follow the guidelines and choose one of the following actions:
1. Click a web element.

2. Delete existing content in a textbox and then type content.

3. Scroll up or down the whole window.

4. Go back, returning to the previous webpage.

5. Answer. This action should only be chosen when all questions in the task have been solved.
Correspondingly, action should STRICTLY follow the format specified by one of the follow-
ing lines:

Click [numerical_label]

Type [numerical_label] [content]
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Scroll [up/down]

GoBack

ANSWER [content]

Some examples are:

Click [8]

Type [22] [Boston]

Scroll [down]

ANSWER [06516]

Key guidelines you MUST follow:

* Action guidelines *

- Use either screenshot or accessibility tree to obtain the numerical_label. Sometimes the
accessibility tree captures more elements than the screenshot. It’s safe to select these elements
without scrolling

- For text input, use Type action directly (no need to click first). All existing texts in the
textbox will be deleted automatically before typing

- Preserve text inside quotation marks exactly as provided by user

- You must not repeat the same actions over and over again. If the same action doesn’t work,
try alternative approaches

- Use ANSWER only after completing ALL task requirements

- Wrap content for Type and ANSWER with square brackets ‘[]*

- Do not add quotation marks for search queries

* Web navigation hints *

{hint}

Your reply should strictly follow the format:

Thought: Your reasoning trace. A good practice is to summarize information on the current
web page that are relevant to the task goal, then generate a high-level plan that contains the
sequence of actions you probably need to take

Action: Based on this reasoning, identify the single most optimal action. You should output it
in the format specified above (under "STRICTLY follow the format")

After each action, you’ll receive a new observation. Proceed until task completion. Now
solve the following task.

Task: {task_goal}

Current URL: {url}

Screenshot of current viewpoint: attached

Accessibility tree of current viewpoint: {accessibility_tree}

843\ J

644 Beyond the above CoT prompt, we also tried using a more complex prompt for the thought process.
645 However, this does not lead to significant gain in downstream accuracy (see Table 5), but it could
646 increase training and inference cost, so we did not use it in the end.

Complex Prompt

Thought: You must analyze the current webpage thoroughly to guide your decision-making.
Show your reasoning through these steps:

- Summarization: Begin by understanding the page context - identify what type of page
you’re on (search results, form, article, etc.) and how it relates to your objective. Summarize
important information on the webpage that might be relevant to task completion. Especially
when the task requires to return some answers to a specific question, you should note down
intermediate information that helps generate the answer.

- Planning: Generate a checklist of subtasks required for completion and cross-out the subtasks
you’ve completed. Identify the next logical subtask.

- Verification: Verify all information you’ve entered so far. Check that your inputs match
requirements in terms of spelling and format (you should not change the user-specified
information, even if there’re grammar errors). Verify if any selections for dropdown items
align with the task objective. Identify if there’re necessary fields that have not been filled
in. Note that if the last few steps are repeating the same action, there must be missing or
incorrect information.
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- Backtracking: If the task requires exploring multiple webpages (e.g., orders, posts, item

pages, etc) to find out an answer, consider if you need to issue GoBack and return to the
previous web page.
- Candidate Generation: After all the above reasoning, list the most relevant possible actions,
evaluate pros and cons of each action, and finally select the most effective action to progress
task.
Action: Choose ONE of the following action formats:
- Click [numerical_label] - Click a specific element
- Type [numerical_label] [content] - Input text into a field
- Scroll [up/down] - Navigate the page vertically
- GoBack - Return to previous webpage
- ANSWER [content] - Provide final answer when task is complete
\_ J

C.2 WebArena Prompts

Below are the content replacing “{hint}” in the general prompt.

General Hint

- Always save progress through appropriate buttons (Save, Submit, Post, etc.)
- Always remember to interact with dropdown options after expanding
- Clear filters before setting new ones

Reddit

|(
\_

- Always save progress through appropriate buttons (Save, Submit, Post, etc.)

- Always remember to interact with dropdown options after expanding

- Pay attention to words like "latest", "newest", "hottest" in the task objective, which require
clicking the dropdown menu and select "New" or "Top" with the correct time range

- When selecting a subforum, you can either browse the dropdown menu in the "Submit" page
or navigate to "Forums" and check all subforums by clicking on "Next" to go over all pages.
You must try to find a subforum that exactly matches your query. If there’s no exact match,
pick the most relevant one, ideally the subforum is about objects or locations contained in the
given objective

- "Trending" means "hot"

- To find out all posts or replies from a user, click the user name and then click "Submissions"

or "Comments"
\_ J

CMS

- Always save progress through appropriate buttons (Save, Submit, Post, etc.)
- Always remember to interact with dropdown options after expanding

- Clear filters before setting new ones

- Use date format: month/day/year (e.g., 1/1/16, 12/31/24)

- When searching phone numbers, remove the country code

- When searching product name, use single but not plural form

- When the web page contains a table, aggregate the rows with the same item

|(
\_

Shopping

- Always save progress through appropriate buttons (Save, Submit, Post, etc.)

- Always remember to interact with dropdown options after expanding

- Sort items by price by clicking the dropdown menu and set descending/ascending direction
- When searching product name, use single but not plural form

- If the objective requires only finding an item, stop at the item page without adding to cart

- To find out the quality of a product, search the item, click on review, and inspect its review
. J
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- Click "Page Next" to iterate over all orders
- Since there’s no way to filter order history, click "View Order" for every order within a date
range and inspect individually. If the condition is not met, go back

- Always save progress through appropriate buttons (Save, Submit, Post, etc.)
- Always remember to interact with dropdown options after expanding
- Clear filters before setting new ones
- When searching a repo in gitlab, type only the project name after "/" in the search box
. J

Map

- Always remember to interact with dropdown options after expanding
- When searching for a place, remove prepositions like in/on/by/at. For example, use "star-
bucks, craig street" instead of "starbucks on craig street". Put the city name at the end
- When there is no results shown up after search, rephrase the address and try again
- To find direction between two points, after entering the from and to addresses, select the
correct transportation (foot/bicycle/car) before clicking "Go"
- When the given location is not a geological address, use your knowledge to infer the address
\_ _/

C.3 CoT Experiments for Base Agent

To enable efficient rollout collection, we spin up multiple Docker containers on a single GPU
according to the official WebArena repository. We use the vLLM [86] engine for inference and apply
the following inference hyperparameters for most of our experiments.

* max_new_tokens: 1024

* max_attached_imgs: 4

* temperature: 1

* top_p: 0.95
We randomly subsample 62 test tasks for analysis purposes. Below are the results of zero-shot agent

vs CoT prompting. “CoT” uses the “General Prompt” in Section C.1. “Complex CoT” uses the
“Complex Prompt” in Section C.1. .

Table 5: Base agent results averaged over 3 runs on WebArena subset.

Prompt Task SR (%)
Action Only 14.76
CoT 23.81
Complex CoT 23.33

C.4 Scaling Trade-off Experiments

“Check-again” for interaction scaling. After the agent outputs the task-stop signal, we append
the following prompts to the observation to induce it to check again.

Check-Again Prompt

Important: You returned an answer in the last step. Let’s pause, check the web page, and

think again. If you still think the task is finished, double-check your answer, revise it if need,
and return a final answer. If not, continue the task. Your output should still be in the same
“Thought:...Action:...” format.
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Table 6: Comparing different inference-time prompting strategies. Results averaged over 3 runs on WebArena
subset. All methods are applied once.

Inference-Time Strategy Task SR (%)
Baseline 23.81
Check-again 26.14
Budget-forcing 24.81
Best-of-n 25.03
Check-again + Budget-forcing 26.33
Check-again + Best-of-n 27.36

When applying multiple re-checks, we slightly vary the prompts such as ‘ ‘Before you finalize the
answer, re-evaluate it in terms of the current web page—what exactly supports or contradicts it?” or
“Why do I believe this answer is correct? What on the page justifies it? Could an alternative answer be
better?” Please refer to the code base for the exact prompt used.

Per-step budget forcing. Following [64], we use the phrases below to induce longer per-step
thinking. The phrases are different to ensure that the model does not run into the scenario of endless
repeating a phrase.

* First time: Wait, let me think deeper.

* Second time: But let me double-check.

* Third time: But hold on.

Per-step best-of-n. We tried both selecting by log likelihood and majority voting, with the latter
showing slightly better results.

Additional results for combined scaling. Beyond evaluating each scaling method separately, we
also tried combining methods along different axes.

D Online Filtered BC on WebArena

We use the following hyperparameters to obtain the training curves in Table 4. During training,
the vision_tower of Gemma 3 is kept frozen because it is frozen during pretraining. Other
hyperparameters can be found in our code in the supplementary material.

e num_iteration: 10

* actor_epochs: 1 # number of epochs to update the actor

e rollout_size: 512

* num_update_sample_per_iteration: 512

o Ir: le-6

* optimizer: AdamW

* scheduler: WarmupCosineLR

e batch_size: 4

e grad_accum_steps: 2

e eval_horizon: 30

E TTI Implementation

We provide the pseudocode in Algorithm 1. For the replay buffer, to encourage the agent to learn
from more recent examples, we assign weights based on recency when sampling rollouts to update
the agent: for the k-th trajectory added to the buffer, its weight is %.
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Algorithm 1 TTI: Filtered Behavior Cloning with Interaction Scheduling

1: Input: Agent policy 7y, Evaluator R, Environment &, Learning rate «, Replay buffer D,
Interaction scheduler hyperparameters Ay in, Amax

2: Initialize policy 7g from pretrained model

3: Initialize replay buffer D «+ {}

4: for each episode ¢ do

5: Set interaction horizon h; < get_schedule(, ~min, Amax)
6: for each rollout to collect do
7: Initialize environment: sq ~ &
8: for each ¢ in [1, h;] do
9: Observe current state s;
10: Predict action a; < 7 (s¢)
11: Execute action @, in environment
12: Observe next state S;41
13: if episode done then
14: Compute reward r; < R(s¢, G)
15: else
16: Ty < 0
17: end if
18: Store transition: D < D U {(s¢, G, rt, St+1) }
19: end for
20: end for
21: for sample successful trajectory in D do
22: for t = 1 t0 hyop do
23: Accumulate loss: L(6) < L(0) + CrossEntropy(my(s:), at)
24: end for
25: end for
26: Update policy: 6 < 0 — aVyL(0)
27: end for

705 F WebVoyager Experiments

706 F.1 Task Generator & Evaluator Prompt

Task Generator Prompt

You are a website exploration assistant tasked with discovering potential tasks on websites.
These tasks should be similar to a user-specified task and aim to complete some high-level
goals such as booking restaurants in a website. Your goal is to freely explore websites and
propose tasks similar to a given set of examples. For each iteration, you’ll receive:

- An observation with the webpage’s accessibility tree

- A screenshot showing numerical labels in the TOP LEFT corner of web elements

You will then generate possible tasks while exploring the website. You should imagine tasks
that are likely proposed by a most likely user of this website. You’ll be given a set of examples
for reference, but you must not output tasks that are the same as the given examples. The
generated tasks must be realistic and at least require 3 steps to complete. It cannot be too
simple.

## Response Format and Available Actions

Your reply for each iteration must strictly follow this format:

Thought: Analyze the current webpage thoroughly to guide your exploration. Examine the
webpage’s structure, content, and interactive elements to identify potential tasks that users
might perform on this site. Decide whether you want to keep exploring or output some tasks
Tasks: If you think you are ready to generate some tasks, output them in the follow-
ing format (note that different tasks are separated with double semicolons): GENERATE
[task1;answerl;;task2;answer2]

Action: Then, to continue with your exploration, choose ONE of the following action formats:
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708

709

4 )
- Click [numerical_label] - Click a specific element
- Type [numerical_label] [content] - Input text into a field
- Scroll [up/down] - Navigate the page vertically
- GoBack - Return to previous webpage
Examples:
Click [8]
Type [22] [Boston]
Scroll [down]
GENERATE [Find the company’s phone number;(555) 123-4567;;Locate the price of the
basic subscription plan;$19.99/month]
Your final output should look like:
Thought: ...
Tasks: GENERATE [...] (this is optional, only generate when you are confident)
Action: ...
## Critical Guidelines
### Action Rules
- Use either screenshot or accessibility tree to obtain the numerical_label
- For text input, use Type action directly (no need to click first)
- Ensure proposed tasks are diverse and demonstrate different aspects of the website. The
tasks must have diverse difficulty and require different number of steps (3-20) to complete.
- Tasks should be clear, specific, achievable, and self-contained. It cannot be too general, e.g.,
related to dny posty dny product; dny place- It must not depend on any context or actions that
you have performed, i.e., you must assume zero prior knowledge when someone wants to
complete the task
- Your task should be objective and unambiguous. The carry-out of the task should NOT
BE DEPENDENT on the user’s personal information such as the CURRENT TIME OR
LOCATION
- Your tasks should be able to be evaluated OBJECTIVELY. That is, by looking at the last
three screenshots and the answer provided by an agent, it should be possible to tell without
ambiguity whether the task was completed successfully or not
- Answers should be precise (e.g., exact prices, specific information, exact text)
- Your should output both operational tasks (the goal is to complete some steps) and informa-
tion retrieval tasks (the goal is to find some answer to return)
- You must refer to the examples given and mimic the complexity and task structure. See how
these tasks are self-contained and realistic
- Your proposed task cannot be a single action like click, type! Tasks like 'Determine the
number of uses for that term’ is unacceptable because it is ambiguous as a stand-alone task;
’Uncheck Use system value’ is unacceptable because it is not a complete task; 'Locate the
total revenue for the last month’ is unacceptable because ’last month’ is ambiguous;
After each action, you’ll receive a new observation. Continue exploring and generating tasks.
Here’re some examples: {example}
Current URL: {url}
Screenshot of current viewpoint: attached
Accessibility tree of current viewpoint: {accessibility_tree}

\ _J

Evaluator Prompt

You are an expert in evaluating the performance of a web navigation agent. The agent is
designed to help a human user navigate a website to complete a task. Your goal is to decide
whether the agent’s execution is successful or not.

As an evaluator, you will be presented with three primary components to assist you in your
role:

1. Web Task Instruction: This is a clear and specific directive provided in natural language,
detailing the online activity to be carried out.

2. Result Response: This is a textual response obtained after the execution of the web task. It
serves as textual result in response to the instruction.

J
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3. Result Screenshots: This is a visual representation of the screen showing the result or
intermediate state of performing a web task. It serves as visual proof of the actions taken in
response to the instruction.

— You SHOULD NOT make assumptions based on information not presented in the screenshot
when comparing it to the instructions.

— Your primary responsibility is to conduct a thorough assessment of the web task instruction
against the outcome depicted in the screenshot and in the response, evaluating whether the
actions taken align with the given instructions.

— NOTE that the instruction may involve more than one task, for example, locating the garage
and summarizing the review. Failing to complete either task, such as not providing a summary,
should be considered unsuccessful.

— NOTE that the screenshot is authentic, but the response provided by LLM is generated at the
end of web browsing, and there may be discrepancies between the text and the screenshots.

— Note that if the content in the Result response is not mentioned on or different from the
screenshot, mark it as not success.

— NOTE that the task may be impossible to complete, in which case the agent should indicate
this in the response. CAREFULLY VERIFY THE SCREENSHOT TO DETERMINE IF
THE TASK IS IMPOSSIBLE TO COMPLETE. Be aware that the agent may fail because
of its incorrect actions, please do not mark it as impossible if the agent fails because of its
incorrect actions.

You should explicit consider the following criterion:

- Whether the claims in the response can be verified by the screenshot. E.g. if the response
claims the distance between two places, the screenshot should show the direction. YOU
SHOULD EXPECT THAT THERE IS A HIGH CHANCE THAT THE AGENT WILL
MAKE UP AN ANSWER NOT VERIFIED BY THE SCREENSHOT.

- Whether the agent completes EXACTLY what the task asks for. E.g. if the task asks to find
a specific place, the agent should not find a similar place.

In your responses:

You should first provide thoughts EXPLICITLY VERIFY ALL THREE CRITERION and
then provide a definitive verdict on whether the task has been successfully accomplished,
either as "SUCCESS’ or 'NOT SUCCESS’.

A task is ’'SUCCESS’ only when all of the criteria are met. If any of the criteria are not met,

the task should be considered 'NOT SUCCESS’.
10\ J

711 K2 Agent Prompt

WebVoayager

Imagine you are a robot browsing the web, just like humans. Now you need to complete a task.
In each iteration, you will receive an observation that includes the accessibility tree of the
webpage and a screenshot of the current viewpoint. The accessbility tree contains information
about the web elements and their properties. The screenshot will feature numerical labels
placed in the TOP LEFT corner of web elements in the current viewpoint. Carefully analyze
the webpage information to identify the numerical label corresponding to the web element
that requires interaction, then follow the guidelines and choose one of the following actions:
1. Click a web element.

2. Delete existing content in a textbox and then type content.

3. Scroll up or down the whole window.

4. Go back, returning to the previous webpage.

5. Navigate to Bing’s homepage.

6. Answer. This action should only be chosen when all questions in the task have been solved.
Correspondingly, action should STRICTLY follow the format specified by one of the follow-
ing lines:

Click [numerical_label]

Type [numerical_label] [content]

Scroll [up/down]

GoBack
712\ J
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713

714

715

716

717

718

719

720

721

722

723

724

Bing

ANSWER [content]

Some examples are:

Click [8]

Type [22] [Boston]

Scroll [down]

Bing

ANSWER [06516]

Key guidelines you MUST follow:

* Action guidelines *

1. The predicted action should be based on elements as long as it’s accessibility tree OR
screenshot. Sometimes, accessibility tree or screenshot captures more elements than the other,
but it’s fine to use either one.

2. To input text for search bars, no need to click textbox first, directly type content. After
typing, the system automatically hits 'TENTER’ key.

3. When a complex task involves multiple questions or steps, select ’ANSWER’ only at
the very end, after addressing all of these questions or steps. Double check the formatting
requirements in the task when ANSWER. Always think twice before using ’ANSWER’
action!!!

4. When specifying the content for *Type’ and ’ANSWER’ actions, be sure to wrap the
content with ’[]’.

5. Use ‘GoBack’ to return to the previous state, use it when you find the previous action
incorrect.

6. When you see a pop-up page, you should immediately ‘GoBack* to the previous page.

7. Use ‘Bing* when you need to navigate to a different website or search for new information.
Your reply should strictly follow the format:

Thought: Your reasoning trace. A good practice is to follow this format:

- Observation summary: where are you at now? list all elements that are related to the task
goal. e.g. if you’re trying to filter something out, list all filters visible.

- Planning: what sequence of actions do you need take to achieve the task goal? give a
high-level overview of the steps you need to take.

- Possible actions: to achieve that plan, what are potential actions you need to do immediately
and what’s their effect? List at least 3 actions and analyze each of them.

Action: Based on this reasoning, identify the single most optimal action. You should output it
in the format specified above ("...STRICTLY follow the format...").

After you issue an action, the user will execute it and provide a new observation. Now solve
the following task.

Task: {task_goal}

Current URL: {url}

Screenshot of current viewpoint: attached

Accessibility tree of current viewpoint: {accessibility_tree}

.

F.3 Experiment Details
We use the following hyperparameters to obtain the WebVoyager results.

e num_iteration: 10

* actor_epochs: 1 # number of epochs to update the actor
* rollout_size: 512

* num_update_sample_per_iteration: 512

e Ir: le-5

* optimizer: AdamW

¢ scheduler: WarmupCosineLR

¢ batch_size: 4

* grad_accum_steps: 2
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725 e eval_horizon: 30 # note that train horizon is different for different methods, but evaluation
726 horizon is kept the same
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F.4 Case Studies: Strengths and Failure Modes

We conduct detailed case studies to analyze how TTI behaves across tasks and domains. These cases
highlight both the strengths and remaining limitations of our approach.

Strength: Effective exploration in complex tasks (example visualized in Appendix F.5).  For
complex, exploratory tasks that require information retrieval, TTI trains agent to extend its interaction
horizon through searches and backtracking, gathering and comparing information before making
decisions. For instance, when tasked to find the baking temperature of an apple pie recipe with 4+
stars and 50+ reviews, our agent first selects a recipe but encounters a pop-up it cannot dismiss due to
backend issues. It then tries another recipe but finds no baking temperature. Returning to the listing
again, it correctly identifies one that meets all criteria. We also observe that such behaviors emerge
progressively. In early training with A = 10, the agent actually tends to stick to the first recipe it
finds, keeps retrying it and saying “/ remember seeing one with 613 ratings earlier” instead of
seeking alternatives. This illustrates that while 77T schedules interaction length globally, it teaches
agents to adjust their horizon within a task and shift from exploitation to exploration. In contrast,
training with a fixed short horizon can make it difficult to develop such exploratory behaviors.

Strength: Strategic exploitation in simple tasks (Appendix F.6). For simpler tasks with clear, de-
terministic paths (e.g., form filling or direct lookups), TTI-agent completes tasks efficiently without
over-exploration. For example, when instructed to find the “top trending open-source project on ma-
chine learning” in GitHub, the agent goes directly to the Open-Source menu, selects the Trending tab,
and performs search. This shows that 777 balances exploration and exploitation based on task context.

Despite these strengths, we also observe characteristic failure modes that point to areas for improve-
ment and may partly explain the agent’s lower performance on domains like GitHub.

Failure mode: over-reliance on resets (Appendix F.7). When an action fails, our agent can reset
the task by returning to the Bing search page rather than attempting recovery within the target domain.
This suggests the agent treats search as a universal fallback, even when more domain-specific actions
(e.g., revisiting menus, refining filters) would be more effective. We also observe repeated resets
within the same trajectory, indicating a lack of adaptive error recovery. While agents can extend
horizons through both resetting and backtracking, the latter is often more natural. This highlights an
area where TTI could improve by guiding exploration more systematically and enforcing structure.

Failure mode: limited self-verification (Appendix F.8). We also observe that the agent can fail to
verify its actions against the task goal, especially in the last step. In one case, the agent identifies a
2021 GitHub repository for a task requiring one from 2022. While it explicitly acknowledges the
mismatch, “/t was created in 2021, not 2022, so it doesn’t meet the criteria”, it still submits it as the
answer. This implies limited self-verification ability and could be mitigated by longer, more deliberate
per-step reasoning. An important next step is to combine TTI with scaling per-step reasoning.
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763
764

765

F.5 Case Studies: Strengths 1

Task: Locate a recipe for an American apple pie on Allrecipes with a rating of at least 4 stars and
more than 50 reviews. Note the maximum temperature mentioned in the Directions.

Fully trained agent explores:

L} =]

Thought:

Ineedtofind

Thought:

arecipe for

‘more than 50 reviews. The search bar (2] s avallable, so | should
use It 10 search for *American apple pie”.
Planning: Frst 1need to search for *American apple pie* using the.

1 some with

4 stars and more than 50 reviews.

search bar. Then,
‘witharating of atleast 4 stars and more than 50 reviews. Once |

iterk 9
countgreater than 50.0nceIfinda sultable recipe, fl click on It

mentioned in the Directions.

Possible actions:

soarch first.

Ishould start by searching for “American apple pie”.

Action:
Type (2] [American apple pie]

Possible actions: 1. Scroll (downl: This willallow mo to 560 more recipes.
1. Clck (21 2.Click (7}
the search term. right now.
2 3
torm Into tho search bar and submit the search. dotall
3. croll [downl: This would scroll down the page, but I need to frst.

1should start by scrolling down to see more results.

Action:
Scroll[down]

LY. =]
s

T

Desserts orte itory
Boor

V7=

e

Thought:

“Al
S and It has 491 reviews.

Panning: 1need to carefully examine each recipe, looking fora
rating of 4 or higher and a review count greater than 50. The

recipes have ttis.
Possible actions:
1. Scroll [downl: Scroll further down the page.
2.Click on aspecificrecipe: f I find a suitabl recipe, cick on
1t to view the dotalls.
3.Click [241: This sooms to bo a *Save Recipe button, which  don't

highest temperature mentioned.
Possible actions:
1. Scroll [down: Scroll down the page tofind the “Diractions*

2.Click ona spacific button: The lous buttons, but none of
them aro relovant to finding the temperature.

Thought:

noed ight now. tomporature.
L *Directions* soction.
“ Lots soof
the crteria.
Scroll[down]
Action:
click (1)

Thought:

‘with my abilty t0 find the directions.

“Would You LIke to Send This Recipe to
Yourself?* pop-up. My previous click attempt didn't work.
Planni

drections.

Possi ns:
1.Click [22]: Thislooks like the *Close” button on the pop-up.
2. Scroll [down:

ybe the
“YES, PLEASE" button nstead. hoping It willdismiss the pop-up.
Possible actions:

way.

3.Click (171 This seems to be partof the pop-up, so clicking it
‘wouldn't bo holpful.

Ishould click the *Close* button to dismiss the pop-up.

Action:
click22)

“Thought:

1. Click (23 “YES, PLEASE" button on the

2.Click [22]: Try clicking the “Close” button again, Just in case.
3. scrol [downl: This won't work because the pop-up is blocking the
way.

Let's try clicking "YES, PLEASE".

Click (23]

Al
American Apple Ple." The pop-up has reappeared: "Would You Like to
send ive! -

avoid.

Planning: rating of
recipe. clickon it
Possible actions: Possible actions:
detall

3.Click [23}: YES, PLEASE" (unrelable)

Going back is the best option.

Action:
GoBack

first
2. scrol [downl: This willallow e to see more recipos.
3.Glick [71: This i the "Clear search” button, which isn't neoded

L
‘Apple Ple." It appears (o have a rating and more than 50 reviews.

Action:
Click[s)
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You love Fruty and
Spice flavors, these
whiskeys ars for you

v =ty
[T Y WAy o8 | Wil
hought: ol
Observation summary:  now viewing the ecipe “Apple Pie by Observaton summon: mtllon e recipe page ot “Appl Fleby
Grandma Ople.* Tho'atngs A5 sirs wih &.861 reviows. The page ranimaOpe e sroled downand anowseeng Shop o
mentions oment.

Planning: i start by scrolling down tosee If there's a
“Directions* or “Ingredlents* section. The screenshot shows the top of

“Diections* or “Baking Instructions* section. fm looking fora

stemperatnsorbeking stuctons. Possible actions:
sible 1. Scroll [downl: Continue scrolling down the page.
1. Srot downk: evo et down th page.

@ rating.
 printing, but | don't need thos 3
2 Road e Ieinscuons Thi i themosk mportant ask.

Just need to got to the directions.

Piread carefuly for the temperature.
Let'sstart by scrolling down the page. Letskeepscrolling.
Action: Action:
seroll [down] scrol [down]

RUN SMOOTH
CLIFTON10 HoK &=

“Thought: Thought:
“Apple Pie by “Apple Pie by
* recipe page. . “GoBack” button. Thisis
Botter tent, behavior.
temperature. Planning: This persistent recipe page s Interfering with my task. |
« it Possescins:
* button a
Possibleactions: 2.Cickonadiferntrocpe: Ty nevigaing bacite o search
GoBack: Return to the pros sults and selecting a different recipo.
2 Scroll ldownk Contingaacrling onlheny 16 workd 3.8ing:
tosearch fora different recipe.
temperature.
Tiltry clicking “GoBack* again, hoping this time it will work
Action:
Action: GoBack
GoBack

Thought
“American
K " #opla i Thorutngls 4 4saroweth 63 Tovkew,and thero o 13
sultable recipe. Photos. The reao s sbeked Yeep L dtofindthe
avoiding maximum temperature n the Drectons.

the* 3 Directions"

howi rating for

or higher and more than 50 eviews.

Instructions.
Possible actions: Possible actions:

1. Scroll [down: Scroll down to find the directions.

citterla. 2 Click on buttons: Not needed for this task.
2 scroll [downl: Scrolldown the page further. 3. Roead the Instructions carefully.
3.Click [71: Clear the search (not necessary.

Let's start scrolling down.
L "with 45
stars. Action:
scroll [down]
Action:
click[13)

Thought
Ple." recipe,
‘mentioned in the Directions.
“Directions"
Now,

temperature.

N

temperature.
Possible actions:

drection
2 Scrol down: Notnecossany,a tho directons aro ise.
- Clck om buttons: Notrlovant o this sk

oringredient.” Ml continue reading from there.

Action:

and then
T ot 1o e e mem o aransa ]
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766

Early-stage agent prefers exploitation:

Thought Thought
The taskisto Ineedtotype
find an American apple ple recipe with a ating of at least 4 tars “American apple ple* Into the search bar.
R 3 Planning: I willtype the search query Into the search bar,
first Possible actions:
1.Type (2]
pie." Then, Iwill need to fiter the results by rating and reviews. Into the search bar,
Finally, 2.Clck (3]
directions. st
Possible actions: 3.5croll [down: This s not needed at this point.
1.Click [2]: This would click the search bar, allowing me to type.
inthe search quory. Action:
2. Scroll [down}: This would scroll down the page, but Ifs not Type (2] (American apple pie]
ot

3. GoBack: This would take me back to the pravious page, which Is
notwhat I want

Acti
Click 2]

T

recipest

Thought: Thought
. it andisee
for recipes with at least 4stars and 50 reviews. one recipe with "613 Ratings."
ol s
‘accessibility tree don't immediately show ilter options. fllscroll i the
tosee!f there are any filters. displayed recipes.
Possible actions: Possible actions:
1. Scroll [down: This willcroll down the page to reveal any 1. Click (9): This would click on the frstrecipe, which has a
potential filter options. 4star rating and 613 ratings. This seems to meet the crlteria.
2.Click (1) 2 Scroll down:
ne back to the homepage. 3. GoBack: This would take me back (o the search resuls page, which
3. GoBack: This would also take me back (o the prévious page. sntneeded.
Action: Action:
seroll{down) Click9)

Thought: Thought:
page, a galleryof
tod Ineedtogo
back to the previous search resus page. directions.
Planning: '
results page for "American apple pie* recipes. remember seeing one with 613 ratings earler.
Possible actions: Possible actions:
GoBack: This will navigate back to the previous page. 1.Click [9l: This will click on the recipe with 613 atings, which
2.Click [1]: Thisis the Allrecipes logo, which might take me to s a good candidate.

2.5croll [down:

recipes with similar ratings.

th
3. Scrol [downl: This is not relevant now. .
3.GoBack: Thisis unnecessary since fm already on the results

Action:
GoBack

Action:
Click(8)

Thought:
Observation summary: | seem to be stuck on a gallery of American

onarecipe. The accessibilty tree shows a search bar and a “Log In*
tton, but no recipe detalls.
Planning: | suspect there's an issue with how the site Is handiing

diferent approach.
Possible actions:
GoBack: This will take me back to the search resuls page.
2.Click [1}: This would take me 10 the Allrecipes homopage.
3.Scroll [downl: This s not helpful at this point.

Action:
GoBack
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767 F.6 Case Studies: Strengths 2

768

Task: Identify the latest top-trending open-source project in the category of ‘Machine Learning’ on
769 Gi

GitHub, and check the number of stars it has received

Build and ship software on a
single, collaborative platform

Thought: Thought
“Open Source page. The page
P “Machine L ;
category. 0" category. Th
including "Open Source”), and bultons for signing up. screenshot shows a search bar and a “Trending” tab.
“Open tosee “Trending"
for "Machine Learning* projects.
Possible actions: Possible actions:
-Gkl Ths Wi tzko e o he open souro sscion,which 1. Click (10} This willnavigate me 1o the “Trending" tab.
ms like a good starting point 2Typol1 4 Tl coenhesearch e showkngatoseeih o
2 Typels} Tmswﬂlupeum search ba, allowing e o search for “Machine Learning"|
‘Machine Learning" project

3 Scrol down: This wilscrll down 1 pege but donftnoed 1o

3 Scrol [downl: Thiswilscroldown the poge, but Iant [0 go
doityet, since Iwant to go directly to the “Open Source” section
first

diectlytothe "Trending®tab first

Click (10
Action:
clickl6]

Trending Trending

L2 L0
. P
o a a
o] .
found .
s

Thought

Thought

“Trend e.
alistof trending repositories. 1 need to find the latest
ng open-

e
top-trending open-source project n the "Machine Learning* category.
T

pe (7)) '
need torevise . Fm stllon the *Trending* page, ready to search.

Planning 1need obe morecaefu nsarching o “achine

Leaming® projects. il tart by visually scanning the repository
“Machine Leamma
Leaming”whtin th rendngpojets. canstar byl Possible actior
canning e reposton descrotor 1Ty 7k ThswRopenthe Soarch baragain Inead tosearchtor
ssible Leaming" or a related keyw
Typo 71 Thiswil opo the so0ch bar, llowing mo o search for 2 Scroll owms Thewitero own i page, bl ry
“Machne Los searching first
d projects by category. Otk 235 This woud ok on the st epostor sted which
2 Scroll downi: This wik s o i poge, but want o use appasrs 56 Goopiecioudharionn, rubechars wm metsure K8
the search bar fist
Clck235: Tis wil naviato mo o hest 9posiry tod,

Tetstodto “achine Loaming" yot
h appears to be related to

Acton
et
Acton:
o]
oot
L
s
a .
- 5
s
2 a
Thought Thought
Srondng: Machine
o acoine Lommig jocts. o ok rwees o 1) soomato Veorning- oo o
wepolachnerearing: o aton esun
oy ey Meking Lo
-

Possible actions:
1-TYpo 1 Machine Laaming: This wal descty ype ‘Machine
\g" Into the search b
2.Clek 11 Thiswil navigate me 10 e Exiore" pags, bt fm
dy toleave
.Sl downk: This might eweatmors repostorio,but iy
typing st

lists several repositories and their star counts.
Possible actions:

1. Click (3] This will navigate me 10 the “wepe/MachineLearning
repository. This seems lie a good starting point since It isted
st
2 scrolldown: This il srol down th page,but 1 want to
Action: “Josephmisityawesome-machine-learning” repository.

‘Machine Learning"

Click 3]

Thought

repository. The page displays the repository’s code, Issues, pull
requests,

the *Leaming* and "Machine Learning and Deep Learning" directories

check siarcount.Thedescrption mentons ‘Maching Leaming nd
Doop Loaming-~Tho oo sl .4kt

ssible.
wor: o found he 105 wonding project
(wepe/ Ma:mnelmmmg and confimedisstar coun 64 1can
w provide th
2.Scroll [downk: 1ol srolldown but Ivo aready found the
relevant information.

Action:
ANSWER [5.4k stars]
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771
772

F.7 Case Studies: Fail Modes 1

Task: On Apple’s website, how many different types of keyboards are available when customizing
your 14-inch MacBook Pro?

Mother’s Day
{oo1ate o e paiect gt or o

Thought

Mac [raviesai

o

Thought
the Apple

shows options for Mac, iPad, iPhone, Watch, AitPods, etc. The
screenshot shows a large banner image and a “Shop* button. The task

websit
MacBook Pro, iIMac, Mac mini, Mac Studio, and Mac Pro. The screenshot
also shows a *Shop* button and a banner image.

customizinga
Planning: First, | need to navigate (o the Mac section of the
e Ther, inoe tofied he acSock ro usiomize .
Finay, an count th ferent keyboard
Possible:
1.Clck 4] (Moo Thiswil ake mero the acsectonof the
website, which s the firststep i finding the
2 UK 112 (ecossaries This mightleatime 108 pege with

3.Click 17) (Shop): This willtake me 1o the shop, but Ineed to
firstfind the MacBook Pro.

Action:

Click 4]

MacBook Pro

Built for Apple Intelligence.

process.
Possible actions:
- Clek{17 Macok 0 Thewakem o he Mactook ro

e, which is what I n

2 Gtk 116 (MacBook A Now The. wouldlzkeme tothe MacBook Alr
age, which is not what

a clek 27 shop): Thswiltake meto lheshov butineedto

tfind the MacBook

Action:
click [17]

Get the highlights.

4o s
.y forwhatever s moesible.

—
Thought: Thought
the *Buy” button, a price, and Images of the MacBook Pro.
Pranning: Now I need to'start the customization process, which MacBook Pro.

Possible actions:
1.Click [18] (Buy): This willtake me to the buying page, but I need
‘tocust firt,

2 Scroll [downl: This might reveal more customization options.
3.Click [17] (Shop): This willtake me to the shop, but Ineed to
first customize the MacBook Pro.

Action:
scroll [down]

“Toch Spocs”r “Comparo”optio.
Possible actions:
1.Clk 2] (Toch Specs: Thieahould akeme (08 page with dtated
spacifcatons, whichmightncludo kayboard
2.CIKL3 Comparey Tk mighthow acompanon botwean diferent
modas, whichcoudovent eyboard iferonces.
2 Scrotidownt: This mightevestmore fommaion, utfmhoping
foramore direct option.

Action:
Click 2)

- ~ @ @ @ @
hough: oo
ot e a0l g 408
Frekeeies e

-Possible actions:
- croldoun:Tosee i h keyboardspociicatons e frther
n the pay
2.Glck[16](Toch Specs): T eomereundant since Fmaready on

the page.
3.Click [19] (Compare}: This might show a comparison of the keyboard
features.

Action:
scroll[down)

‘section or a comparison of keyboard features.
Possible actions:

1. scrol [down}: To see f the keyboard specifications are further

jown the page.

o
2.Glick (17] (shop): This would take me away from the comparison

tabi
3.Click 2) (Tech Specs): This s redundant as fmalready on the

Action:
scrol [down]

Thought

the “Configy 20
MacBook Pro.

Planni 9 N

Planni

9
Possible actions:
1. Scroll [down: To seeIf the keyboard specifications are further
down the page.
2.Click [17] (shop): This would take me away from the comparison
tabl

3.Click 2] (Tech Specs!: This ks redundant as fmalready on the
[ e.

Action:
scroll [down]

1268 550" and
other configurations lmqukmglcmcleavmmcanonorme
keyboard types.

Possible actions:

1.Scroll [downi: To s i there are more configuration opio
2.Glok (17 (Shop): This would ok me sweay fom the configuration

options.
3.Click 2] (Tech Specs): This s redundant as fmalready on the
tech specs page.

Action:
scrol [down]
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Thought:

Thought:

looking at

configurations lsted.

“Display,”and "Keyboard."

types. but

mentions “configurable” options.

-Possible actions:
1. Scrol [down: To see f more configuration details are available.
2.

Pl
different types within those categories.
ible actions:
1. Scroll [down: To see If more keyboard options are listed.

options.
3

tech specs page.

Action:
scroll(down)

Thought:

117] (Shop)
3.Click 2 (Tech Specs): This s redundant as fm already on the
techspecs page.

Action:
scrol [down]

Thought:
" Ve beer
Including °L v
“1 billion colors."
1000 nits (outdoor). display than the keyboard.

types. The page doesn't clearly state the keyboard types, but itdoes.
specs.

Possi
1. Scroll [down: To'seeIf the keyboard information s further down
the page.

2

3

listthe keyboard types, but It mentions “configurable® options. il

nd.
Possible actions:

finding more Information.
2 which

page.

Action:
scroll [down)

-

o

Thought:

‘might have more options.

page.

Action:
scrol [down]

page, scrolling down. 1ve found the “Memory" section. e been

for "Applo MacBook Pro keyboard options.”

Planning: The task asks about keyboard types. fm not finding a
yboard'

submit the search.

finding more Information.

Action:

ible actions:
on the Apple website. 1. Type (17
ible actions: search query Into the search bar
1 2. Click [17] (Search icon): This will submit the search.
2.Click[4)
the keyboard Information.
a

Action:
“Type (17 *Apple MacBook Pro keyboard options*

e s e hin o o B o

Thought:

keyboard options, Including the Apple Magic Keyboard, Keyboard For
Macbook Pro, and Apple Wireless Usb C Magic Keyboard.

that are lsted. I willlst them and then count them,
Possi s:

1. Scroll [downl: To soe f th

o more keyboard options listed.

Touch ID, US English

Keyboard types:
1. Apple Magic Keyboard (USB.C)
15"

4.Keyboard For Macbook Pro 16" 2010 A2141
5. Applo Magic Keyboard - Whit - US English

2.Clck [17] (shop):

count the options.

3.Click [52) (S0 more}: This might show more options, but Ineed to
00 whats already avallablo frst.

Action:
Scroll[down)

Tcan

‘count them to answer tho qustion.
act

Possiblo actions:
1. Click [4] (Switch from PC to Mac): This s rrelevant o the task.

3.Click 6] (See more): Unnacessary, as fve already listed all the
options.

Action:
ANSWER (6]
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774

Thought:

Task: Which university maintains and manages ArXiv. Accessing the university’s website from
ArXiv, how many underegraduate students are currently at the university.

our mermbers -
‘withous heir suppoet. rXiv mermbersar umverstc,research abs,

Hbraries, and consorta

crbute funding o v o belp

advancethe

pen sience

Thought

page. The page

shows “Comell University” prominently.

visible.
Planning: I need to confitm Corell University's ole. The page

o
‘one. The text also mentions *Simons Foundation".fl click on the

the universites involved.
- Possible actions:
1.Click [1]: This willtake me to the member Institulions page.
2.Click [2]: Thiss the "Donate* button, which is not relevant to
the task.
3.Click 3]: This s the "Login” button, also not relevant.

Action:
click (1]

the consortium.
Possible actions:

Glck [1]: Thistakes me back to the previous page.
2.Click [18]: Thiss the link for “Cornell DH and HGF Consortium
(Germany)",
3.Click (19]: Thiss the link for “Canadian Research Knowledge
Network (Canada)",

Click [18]

Weare sothank

e our meenbers - v

‘withous thei spport rXiv meembersare e

advance the case of open sience.
a

Thought:

e

ey

==
“Thought

Consortium.

format

Possible actions:
1.Click [1]: This takes me back to the “Our Members" page.
2.Click 3} This s *Search button, which isn't what I need.

student population.”

Action:
Bing

submit the search.
Possible actions:
1.Click [7]: This takes me to 8ing Images, which is not what | need.
2.Click [8}: This takes me to Bing Videos, aiso not what | need.
3.Type [17] ‘Comell University undergraduate student population
This willenter the search query.

Action:
Type [17] “Cormell University undergraduate student population®

Thought:

“Comell University undergraduate student population.” The first
result from univstats.com provides the answer.
Planning: The first resault tates “There are 26,264 graduate

16,051 ),
at Comell University for the academic year 2023-2024. By attending
status,

X X *The
undergraduate student population i 16,051,
ssible actions:
1.Click [17]: This goes to the univstats.com page.
2.Click [18]: This goes to the Comell University Student Population
and Demographics pax
3. Answer: 1 have the Information | need to answer the question.

Action:
ANSWER(16,051]
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775 F.8 Case Studies: Fail Modes 2

776  Task: Identify a new open-source project on GitHub related to ‘Al agriculture’ that created in 2022,
777 and note its main programming language and description.

Build and ship software on a
single, collaborative platform

Thought: Thought

“Open Source” '

o ' o
s readily avallable.

“Open
search bar to look for relevant projects.
Planning 1. Enter "Al agriculture* Into the search bar.
2 Press Enter tonitiate the search,
Possible actions:
1. Type [14] [Al agriculturel: This willtype the search term into the
search bar and submit the search.

1.Click the "Open Source button to navigate to the open-source

2. Use the search bar to search for *Al agriculture”.
3. Filte the results by creation date (2022)

2.Click [14] few, but fm

description. 3. scroll [up/down: 1 don't need 1o scrollyet as the search bar s

Possible actions:

1.Click [6}: This will take me to the open-source projects page,
‘which s a good starting point.
2.Click [9): This will open the search bar. Ineed to enter *Al

agriculture”into the search bar.

3. Scrol up/downl: This might

options o filtes.

Action:
Type (14] [Alagriculture]

Action:
click (6]

=, L =
Thought: Thought:

*farmuibes ai* repository.
Modeis for

A
agriculture.” I need tofind a project created in 2022 o later. I can

AL
start by looking a the first few results. ‘Agriculture.” It was created in 2021, not 2022, 50 t doesn't meet the.
Planning: ‘exact crterla. However, Its arelevant project.
1. Review the first few projects listed.
2.Check the projects creation date (i avallable] 1. Note the programming languages used (Python, Javascript, ete).
2 2
and description. Possible actions:
Possible actions: 1.Click on a specific fle to see Its contents.
1.Click on a specific project to view Its detalls. 2. Scroll down to see more il
2. Scroll down to see more projects: 3. Answer the question with the project Information.
3.Click the *Sort by* button to sort by creation date.
Action:
Action: Thought 3
Click [33) .1 and I

Models f
Agriculture.” It appears to be a significant project with many commits
‘and contributors.

ANSWER [The repository i for *Al, Mult-Modal Geospatial ML Models
for Agriculture. It primarily uses Python and JavaScript. It was
createdin 2021,

772 G Full WebArena Experiment Details

779 We use the following hyperparameters to obtain the full WebArena results.

780 e num_iteration: 10

781 * actor_epochs: 1 # number of epochs to update the actor
782 * rollout_size: 512

783 * num_update_sample_per_iteration: 512

784 e Ir: le-6

785 e optimizer: AdamW

786 ¢ scheduler: WarmupCosineLR

787 e batch_size: 4

788 * grad_accum_steps: 2

789 e eval_horizon: 30
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NeurlIPS Paper Checklist

The checklist is designed to encourage best practices for responsible machine learning research,
addressing issues of reproducibility, transparency, research ethics, and societal impact. Do not remove
the checklist: The papers not including the checklist will be desk rejected. The checklist should
follow the references and follow the (optional) supplemental material. The checklist does NOT count
towards the page limit.

Please read the checklist guidelines carefully for information on how to answer these questions. For
each question in the checklist:

¢ You should answer [Yes] , ,or [NA] .

* [NA] means either that the question is Not Applicable for that particular paper or the
relevant information is Not Available.

* Please provide a short (1-2 sentence) justification right after your answer (even for NA).

The checklist answers are an integral part of your paper submission. They are visible to the
reviewers, area chairs, senior area chairs, and ethics reviewers. You will be asked to also include it
(after eventual revisions) with the final version of your paper, and its final version will be published
with the paper.

The reviewers of your paper will be asked to use the checklist as one of the factors in their evaluation.
While "[Yes] " is generally preferable to " ", itis perfectly acceptable to answer " " provided a
proper justification is given (e.g., "error bars are not reported because it would be too computationally
expensive" or "we were unable to find the license for the dataset we used"). In general, answering
" "or "[NA] " is not grounds for rejection. While the questions are phrased in a binary way, we
acknowledge that the true answer is often more nuanced, so please just use your best judgment and
write a justification to elaborate. All supporting evidence can appear either in the main paper or the
supplemental material, provided in appendix. If you answer [Yes] to a question, in the justification
please point to the section(s) where related material for the question can be found.

IMPORTANT, please:

* Delete this instruction block, but keep the section heading ‘“NeurIPS Paper Checklist",
* Keep the checklist subsection headings, questions/answers and guidelines below.
* Do not modify the questions and only use the provided macros for your answers.

1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the
paper’s contributions and scope?

Answer: [Yes]

Justification: Our contribution is to propose a new axis of test-time scaling for agent settings
and design effective methods for leveraging the benefits during online training. These are
reflected in the abstract and introduction.

Guidelines:
e The answer NA means that the abstract and introduction do not include the claims
made in the paper.

* The abstract and/or introduction should clearly state the claims made, including the
contributions made in the paper and important assumptions and limitations. A No or
NA answer to this question will not be perceived well by the reviewers.

* The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

* It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?

Answer: [Yes]
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Justification: See the Conclusion section.
Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

* The authors are encouraged to create a separate "Limitations" section in their paper.

* The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting. Or a speech-to-text system might not be
used reliably to provide closed captions for online lectures because it fails to handle
technical jargon.

* The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

* If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

* While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. The authors should use their best
judgment and recognize that individual actions in favor of transparency play an impor-
tant role in developing norms that preserve the integrity of the community. Reviewers
will be specifically instructed to not penalize honesty concerning limitations.

3. Theory assumptions and proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?

Answer: [NA]
Justification: There is no theoretical result in this paper.
Guidelines:

» The answer NA means that the paper does not include theoretical results.

* All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

* All assumptions should be clearly stated or referenced in the statement of any theorems.

* The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

* Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

* Theorems and Lemmas that the proof relies upon should be properly referenced.

. Experimental result reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: We provide all training and inference configurations, hyperprameters, LLM
prompts in the main text and appendix. We also include the code in the supplementary
materials.

Guidelines:
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The answer NA means that the paper does not include experiments.

If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.

If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.

Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

While NeurIPS does not require releasing code, the conference does require all submis-

sions to provide some reasonable avenue for reproducibility, which may depend on the

nature of the contribution. For example

(a) If the contribution is primarily a new algorithm, the paper should make it clear how
to reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe
the architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should
either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.

5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer: [Yes]

Justification: We use open-source benchmarks and release our code.

Guidelines:

The answer NA means that paper does not include experiments requiring code.

Please see the NeurIPS code and data submission guidelines (https://nips.cc/
public/guides/CodeSubmissionPolicy) for more details.

While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.
The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).
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* Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLSs to data and code is permitted.

6. Experimental setting/details

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [Yes]
Justification: Yes, see the appendices.
Guidelines:

» The answer NA means that the paper does not include experiments.

* The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental
material.

. Experiment statistical significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer: [Yes]
Justification: We report numbers averaged three trials.
Guidelines:

* The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confi-
dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

* The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).

* The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

* It should be clear whether the error bar is the standard deviation or the standard error
of the mean.

It is OK to report 1-sigma error bars, but one should state it. The authors should
preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

* For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

o If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.

8. Experiments compute resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]
Justification: Yes, we specify the GPUs we used.
Guidelines:

* The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.
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* The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.

* The paper should disclose whether the full research project required more compute
than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

Code of ethics

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]
Justification: The paper follows the NeurIPS Code of Ethics.
Guidelines:

» The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).

Broader impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]
Justification: See Broader Impact section.
Guidelines:

* The answer NA means that there is no societal impact of the work performed.

* If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

» Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

» The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

* The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [NA]
Justification: We do not use data or train models with high risk of misuse.
Guidelines:

* The answer NA means that the paper poses no such risks.
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12.

13.

14.

* Released models that have a high risk for misuse or dual-use should be released with
necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

 Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]
Justification: The datasets are cited.
Guidelines:

» The answer NA means that the paper does not use existing assets.
 The authors should cite the original paper that produced the code package or dataset.

* The authors should state which version of the asset is used and, if possible, include a
URL.

* The name of the license (e.g., CC-BY 4.0) should be included for each asset.

¢ For scraped data from a particular source (e.g., website), the copyright and terms of
service of that source should be provided.

* If assets are released, the license, copyright information, and terms of use in the
package should be provided. For popular datasets, paperswithcode.com/datasets
has curated licenses for some datasets. Their licensing guide can help determine the
license of a dataset.

* For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

« If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.
New assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer: [NA]
Justification: The paper does not release new assets.
Guidelines:

» The answer NA means that the paper does not release new assets.

* Researchers should communicate the details of the dataset/code/model as part of their
submissions via structured templates. This includes details about training, license,
limitations, etc.

* The paper should discuss whether and how consent was obtained from people whose
asset is used.

* At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

Crowdsourcing and research with human subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer: [NA]

Justification: The paper does not involve crowdsourcing nor research with human subjects.
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16.

Guidelines:
* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

Institutional review board (IRB) approvals or equivalent for research with human
subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]
Justification: The paper does not involve crowdsourcing nor research with human subjects.
Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.

Declaration of LLM usage

Question: Does the paper describe the usage of LLMs if it is an important, original, or
non-standard component of the core methods in this research? Note that if the LLM is used
only for writing, editing, or formatting purposes and does not impact the core methodology,
scientific rigorousness, or originality of the research, declaration is not required.

Answer: [Yes]
Justification: We discussed how we prompt and train LLMs.
Guidelines:

* The answer NA means that the core method development in this research does not
involve LLMs as any important, original, or non-standard components.

* Please refer to our LLM policy (https://neurips.cc/Conferences/2025/LLM)
for what should or should not be described.
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