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ABSTRACT

As LLMs are increasingly deployed as agents, agentic reasoning—the ability
to combine tool use, especially search, and reasoning—becomes a critical skill.
However, it is hard to disentangle agentic reasoning when evaluated in complex
environments and tasks. Current agent benchmarks often mix agentic reasoning
with challenging math reasoning, expert-level knowledge, and other advanced ca-
pabilities. To fill this gap, we build a novel benchmark, GSM-AGENT, where
an LLM agent is required to solve grade-school-level reasoning problems, but is
only presented with the question in the prompt without the premises that con-
tain the necessary information to solve the task, and needs to proactively collect
that information using tools. Although the original tasks are grade-school math
problems, we observe that even frontier models like GPT-5 only achieve 67% ac-
curacy. To understand and analyze the agentic reasoning patterns, we propose the
concept of agentic reasoning graph: cluster the environment’s document embed-
dings into nodes, and map each tool call to its nearest node to build a reasoning
path. Surprisingly, we identify that revisit, returning to a previously visited node
after leaving—widely taken as a crucial pattern in static reasoning, is a missing abil-
ity for agentic reasoning among many models. Based on the insight, we propose
a tool-augmented test-time scaling method to improve LLM’s agentic reasoning
performance by adding tools to encourage models to revisit. We expect our bench-
mark and the agentic reasoning framework to aid future studies of understanding
and pushing the boundaries of agentic reasoning.

1 INTRODUCTIONS

Large language models (LLMs) have demonstrated remarkable performance on challenging reason-
ing tasks (Wei et al.l 2022} |Srivastava et al., [2023)), from arithmetic word problems (Cobbe et al.,
2021)) to multi-hop question answering (Yang et al.,[2018) and program synthesis (Chen et al.,[2021).
Most previous work focuses on reasoning tasks (Cobbe et al., [2021}; [Hendrycks et al., [202 1} |Saxton
et al.| [2019) that evaluate LLMSs’ static reasoning capability, where the model receives all neces-
sary information from the prompt and conducts reasoning without external help. Yet, as LLMs are
increasingly deployed as agents — systems that plan, use external tools, and iteratively refine their
hypotheses — the form of reasoning that matters in practice gradually shifts from static reasoning to
agentic reasoning that couples logical inference with decisions about what to read, what to ask next,
when to verify, and how to recover from unproductive directions.

In this paper, we aim to understand to what extent strong static reasoning abilities of an LLM can be
adapted to the agentic setting, and identify the key skills that may enable this. To achieve this, we
aim to (1) compare a model’s reasoning ability on the same or similar tasks under static and agentic
settings; (2) identify the important skills that contribute to the performance gap between the two
settings; (3) improve the model’s skill in the agentic setting to enhance its agentic reasoning ability.
The above steps bring two major challenges, and in this paper, we propose solutions to each of them.

Challenge 1: Existing benchmarks fail to provide an apples-to-apples comparison of reasoning
abilities under the two settings.

Solution: To this end, we introduce GSM-AGENT, a novel benchmark that transforms GSM8K
problems into agentic tasks. Specifically, during dataset construction, each original problem is de-
composed into a question and several premises; each premise is then converted into a context-rich
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document and inserted into a database (the environment). During evaluation, the agent sees only the
question and needs to use the provided tools (a Search tool and a NextPage tool) to discover
the relevant documents before solving the math problem. Importantly, we can control the difficulty
of the agentic task through careful construction of the database, e.g., by adding distracting docu-
ments. Across a broad suite of models, we observe substantial performance drops compared to the
static setting where the question and all necessary documents are provided in the prompt. For exam-
ple, a frontier model like GPT-5 loses roughly 33% absolute accuracy, whereas some models (e.g.,
DeepSeek-V3) lose up to 80%. The results demonstrate a clear and consistent gap between static
and agentic reasoning in a clean and controllable setting.

Challenge 2: We lack a framework to identify and quantify the core skills that contribute to
agentic reasoning capability.

Solution: To understand and analyze the core reasons of the performance gap between the two
settings and what drives such significant differences in performance across models under agentic
settings, inspired by Minegishi et al.| (2025), we propose the concept of agentic reasoning graph:
cluster the environment’s document embeddings into nodes, and map each tool call (Search or
NextPage) to its nearest node, yielding a discrete reasoning path. This framework allows us to
label each reasoning step as exploration (first visit to a node), exploitation (staying within a node),
or revisit (returning to a previously visited node after leaving). Our analysis reveals that the revisit
ratio strongly correlates with the accuracy on GSM-AGENT, which indicates that revisit might be a
core skill for strong agentic reasoning. Based on the insight, we propose a tool-augmented method,
where we add a new tool that encourages the model to revisit, to improve LLMs’ performance.
Experimental results demonstrate that our tool-augmented method exhibits better performance than
interaction-round scaling, which enforces agents to interact with the environment for more rounds
without considering the quality of each interaction step.

‘We summarize our contributions as follows:

* We propose GSM-AGENT, a novel benchmark with a controllable environment for evaluating and
analyzing the agentic reasoning capability of LLMs and providing a clear comparison between
static and agentic reasoning.

* We introduce the concept of agentic reasoning graph, which induces a topology over the envi-
ronment via clustering of document embeddings and maps tool-use traces to discrete paths. This
yields interpretable, quantitative measures of exploration, exploitation, and revisit during the rea-
soning procedure at step resolution to facilitate analysis of agentic reasoning.

* Qur analysis of reasoning patterns on agentic reasoning graphs reveals that revisit is an important
reasoning skill that strongly correlates with agentic reasoning capability. Based on the insight, we
propose a tool-augmented method to improve LLMs’ agentic reasoning capability by encouraging
revisit.

2 RELATED WORK

Reasoning with incomplete information. Multiple works have studied the ability of LLMs to
look for missing information. Most relevant to our work, |Li et al.[|(2025) evaluate the ability to ask
the right question, including on a variant of GSM8K with missing information. However, their focus
is on evaluating whether the model asks specific questions, rather than overall reasoning abilities.
Zhou et al.| (2025b) compare “passive” and “active” reasoning, similar to our “static” vs “agentic”
reasoning, although they use different tasks for the two setups, while our dataset can be used in both
scenarios, leading to a better apples-to-apples comparison.

Agentic reasoning benchmarks. Several benchmarks have recently been established for evaluat-
ing agentic reasoning capabilities of LLMs (Jimenez et al., 2023} |Yao et al., 2024} |Lu et al.| 2024;
Trivedi et al., 2024} |Patil et al.| 2025). In contrast to these works, our benchmark aims to provide a
controllable environment that enables direct comparison of agentic reasoning with static reasoning.

Understanding of reasoning. Many recent works have focused on understanding the reasoning
abilities of LLMs, including the ability to self-correct (Huang et al., [2024), the reliability of rea-
soning on GSMS8K beyond the original benchmark via synthetic extensions (Zhou et al.| 2025a;
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Figure 1: An overview of evaluation tasks in our GSM-AGENT benchmark. The LLM agent receives
a task that only contains a question. At each agentic reasoning step, the agent needs to decide what
information is needed, call the tool to search for information in the database, and reason about the
retrieved documents. The agent also needs to decide whether all the necessary information has been
collected and when to give the final answer to the task.

Mirzadeh et all [2025), or the reasoning behaviors or long chain-of-thought models (Yeo et al.,
2025; |Sun et al., 2025; [Minegishi et al., [2025). Our graph-based analysis of explore, exploit, and
revisit patterns was partly inspired by these works, though we extend this to the agentic setting with
search tools by definiting the graph through document embeddings.

3 GSM-AGENT BENCHMARK

In this section, we introduce GSM-AGENT, a novel benchmark with controllable environments for
comprehensively evaluating the agentic reasoning capabilities of LLMs. In particular, our dataset
aims to test LLM agents’ abilities to combine reasoning and tool-use (mainly search) ability to
solve mathematical reasoning problems by proactively interacting with the environment using tools.
Below, we provide an overview of our benchmark tasks in Section @ and introduce our dataset
construction process in Section

3.1 OVERVIEW

Our dataset D = (T, &, F) consists of a set of tasks 7, an environment &, and a set of tools F that
LLM agents can use to interact with the environment.

Tasks. Each task T = (q, (p1,...,pr),a) € T consists of a question ¢, k premises p1, ..., pr (k
can vary for different task instances) and the ground-truth answer a. Figure 2] provides an example
of a task instance that consists of a question and three premises. For a grade-school-level math
problem, it is easy for an advanced LLM to solve the task if all premises p, . . ., pj are provided in
the prompt along with the question ¢g. In our benchmark, the LLM agent will only see the question
q without premises p1, pa, . . . p;, in the prompt, and it needs to use tools in F to find all necessary
information in the environment & to solve the task (see Figure[I] for a pictorial illustration).

Environments. The environment & = {Dq, D, ..., D,,} consists of a set of documents, where
each document corresponds to a premise of a task in 7. Let gp(-) be a document generator, where
gp(T) = gp(q,(p1,...,pr)) = (D1,Da,...,Dy) and the generated document D; contains all
necessary information of the premise p; for all 1 < 7 < k. See the document generation part
of Figure 2] for a pictorial illustration. We will introduce the details of our implementation of the
document generator gp(-) in Section Since our environment £ is a set of documents, we also
call £ a database in the rest of the paper.



Under review as a conference paper at ICLR 2026

GSM-Agent Problems Document for Premise 1
1ID: gsm8k-2052-jane_book_assignment_email
"Timestamp": "2025-03-15T09:30:00",

Question ID: gsm8k- Metadata: “names": “Jane, Ms. Thompson’,
GSM8K Problems 2052 “Type": "Email”
Subject: Required Reading Assignment - "The
. Winter's Tale"
. Question:
Question ID: gsm8k-2052 How many days did Jane For our upcoming literature unit, you will need
spend reading a book? to read "The Winter's Tale" by William
Shakespeare. This edition is 500 pages long.
Jane had a 500-page book to Please obtain a copy from the school library or
read. The first half of the book pew e et e,
Jane read with a speed of 10 Premise 1: The themes and narrative techniques we'll

pages per day, and the second Jane had a 500-page book to discuss in class will be based on this text, so

half with a speed of 5 pages a  Decompose read. Document 5":::9 ensure youlhavelyouricopyibyjrext
day. How many days did Jane — generation .
spend reading this book? remise 2: Best regai
P 9 Jane read the first half of Ms. Thompson
the book with a speed of 10 Literature Department

pages per day.

Premise 3: Document for Premise 2
Jane read the second half of
the book with a speed of 5
pages per day. Document for Premise 3

Figure 2: Data processing overview. We first decompose a GSM8k problem into a question and
several premises, and then generate a document for each premise to cover its essential information.

Tools. In our benchmark, we provide two tools F = {Search(-), NextPage(-)}. For the search
tool, an LLM agent can specify a query prompt = (which can be of any format, such as a sentence or
only several keywords) and call Search(z). The search engine will return the top 5 most relevant
documents in £ to the query x. The agent can also use the NextPage(-) tool, which will return
the next five most relevant documents. The LLM agent is allowed to call Search(x) for multiple
different query prompts x that are decided by the agent itself. For each call of Search(z), the
agent is also allowed to call NextPage(-) at most 19 times for that search, resulting in retrieving
up to the top 100 most relevant documents in the database. See Figure [I]for a pictorial illustration
and Section [3.2]for more details about the search engine.

During evaluation, for each task 7', an LLM agent will receive the corresponding question g (without
premises) in the prompt, then reason about what information is missing, call tools Search(z)
with appropriate search query « and NextPage(-) to collect information from the environment &,
and solve the problem with information extracted from the retrieved document. In our dataset, the
ground-truth answer a is a numerical value for each task, so we directly compare the final answer
given by an LLM agent a to a, where the task is solved iff a = a.

3.2 DATASET CONSTRUCTION

In this section, we introduce our dataset construction procedure in detail. Our GSM-AGENT dataset
is built upon the well-known GSM8k problem set, where each task 7" in our dataset is constructed
based on a problem instance in GSM8k. A simplified dataset construction pipeline is illustrated
in Figure 2] while the whole pipeline consists of five stages: (1) data preprocessing; (2) problem
decomposition and sharding; (3) document generation; (4) data filtering; (5) database construction.
Note that some steps in our pipeline involve using LLMs to process data. Unless otherwise specified,
we use Claude-3.5-Sonnet as our default LLM to facilitate data processing.

3.2.1 DATA PREPROCESSING

As shown in Figure 2| for each GSM8k problem, we decompose it into a question and several
premises, and convert each premise into a document which will be added to our database. However,
naively processing each problem will cause issues.

First, different problems might share the same name of the protagonist(s). Although this is not an
issue in the original GSM8k problem since each problem is independent, it could cause conflict or
ambiguity in our database, as documents for different tasks will be added to the same database. For
example, Alice might spend 5 dollars on ice cream in document D, for one task 77, and also pay 20
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dollars for a book in document D, for another task 7%, which renders the question “How much did
Alice spend in total?”” ambiguous.

Second, some problems only contain a generic entity without a specific name. For example, consider
a task such as “a bookshelf has 20 books at the top and 40 books at the bottom, and how many books
are there in the shelf in total”. While the original problem is self-contained, separating the question
from premises renders the question “how many books are there in the shelf in total” again confusing
and ambiguous since it is unclear which specific bookshelf the question refers to.

To address the above two issues, we carefully design the following three data preprocessing steps
to disambiguate the tasks. Step 1: Entity detection. In this step, we use LLM to detect the main
character of each problem. For problems with a generic main character without a specific name,
we flag it as generic. Step 2: Name assignment for generic entities. In this step, we assign
different names to generic entities. Step 3: Timestamps assignment to differentiate problems
sharing the same entity. At this step, we assign different timestamps to problems sharing the same
entity to ensure no conflict between documents from different problems. The details can be found

in Appendix B}
3.2.2 PROBLEM DECOMPOSITION AND SHARDING

After systematic data preprocessing to ensure no ambiguity in our tasks and no conflicting docu-
ments in our environment, our next step is to decompose each preprocessed problem into a question
q and several self-contained premises p1, ps, ..., pr. See the “decompose” part of Figure [2| for an
example. The decomposition is executed by an LLM agent, where the agent receives a preprocessed
problem along with its timestamp as the input, then breaks down the problem narrative into a list of
individual self-contained and consistent premises, rephrases the core question, and carries over the
timestamp. In particular, if the problem shares an entity name with another problem, its timestamp
will be explicitly stated in the question g outputted by the agent to make sure the question itself is
unambiguous.

3.2.3 DOCUMENT GENERATION

The next stage is document generation. The main purpose of this stage is to convert each premise of
each problem into a context-rich document, which will be added to our database (i.e., the environ-
ment &) in the final stage. We conduct the following three steps to ensure a high-quality database
and a reasonable level of difficulty for our tasks. Step 1: Hierarchical document generation. At
this step, we generate a high-level coherent story for a problem. Step 2: Independence verification.
We prompt Claude-3.5-Sonnet, giving it each document-premise pair and the original question, and
asks it to judge whether the document contains extra information that is not covered by the premise.
By doing so, we make sure that documents are independent, with no overlapping information. Step
3: Document anonymization. To ensure the difficulty of our benchmark, we randomly anonymize
a subset of the document to avoid LLM agents from “cheating” by blindly querying the name of the
main character. The details of each step can be found in Appendix [B]

3.2.4 DATA FILTERING

Since the previous stages involve using LLLM agents to process data, and original premises are con-
verted into much longer documents, some of the generated tasks may turn out to be problematic or
unsolvable. To ensure the quality of our dataset after the above data processing stages, a rule of
thumb is to ensure that all generated tasks are solvable when provided with complete information
(i.e., all documents corresponding to their premises). Therefore, for each problem, we test whether
claude-3.5-sonnet can solve it given the question and its corresponding documents. We only
keep the problems that claude-3.5-sonnet can correctly solve to ensure a high-quality dataset.
After our data filtering stage, there are 7323 problems left in our dataset, with 32315 unique prob-
lems stored in the chroma database.

3.2.5 DATABASE CONSTRUCTION

The final stage is to build the environment &£ (i.e., the database) using generated documents. We
use Chroma to build our database, where the content (excluding document ID and metadata)
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of each document is embedded into a vector that will be used for document retrieval. We use
text-embedding—-3-large as our default embedding model.

Moreover, we built three datasets that reflect different levels of difficulty of our benchmark:
GSM-AGENT-Full: contains all problems after data filtering; GSM-AGENT-Medium: contains
25% of problems after data filtering; GSM-AGENT-Small: contains 6.25% of problems after data
filtering.

For each dataset, its environment is a database that contains all the documents of problems in the
dataset. For the results reported in Section i} we evaluate models on GSM-AGENT-Full unless
otherwise specified.

4 RESULTS & ANALYSIS

In this section, we first present the main evaluation results on a variety of mainstream LLMs on our
GSM-AGENT dataset (Section[4.T)), then analyze the agentic reasoning pattern and identify the core
skill, which is revisit, that correlates to strong agentic reasoning capabilities (Section[4.2), and finally
propose a tool-augmented method to improve models’ agentic reasoning capability by encouraging
models to revisit (Section .3). We use LangChain ReAct agent for all evaluation settings, with
temperature set to 0.4 and max tokens 4096.

4.1 OVERALL PERFORMANCE

Table 1: Evaluation results under zero-shot prompting with ReAct agent across models[]Acc and FF are shown
as percentages; other metrics use the units indicated. Acronyms: Acc=Accuracy; SR=Search Rounds, which is
the number of tool calls to solve a task; Dur(s)=Duration (seconds), which is the time the agent spent to solve
the task; SC=Search-Complete rate, which is the proportion of tasks that an gent find all relevant documents;
ER=Extra Rounds, which is the number of tool calls after all relevant documents are found; FF=Follow-Format
rate, which is the proportion of tasks that an agent follows the required format to solve; PremT=Premature-Total
rate, which is the proportion of tasks that an agent attempted to provide a premature answer before making the
final decision; TotTok=Total Generated Tokens; Tok/R=Mean Tokens per Round. All results are averaged over
three random seeds. For each metric, 1 indicates higher is better and | means lower is better.

Setting Acc T SR Dur(s) SCT ERJ| FF1T PremT| TotTok] Tok/R |
Solvable by any model 88.00% Nan Nan Nan  Nan Nan Nan Nan Nan
03 68.46% 1333 11785 53% 489  95% 0%  5775.75 386.03
GPT-5 66.78%  9.98 116.00 52%  2.18 100% 1%  7184.10  615.99
Grok-4 53.00%  7.19 126.01 42% 2.86 100% 0% 381742  599.72
Claude-4-sonnet (fewshotf] 51.50% 927  47.90 40% 441 100% 10%  1028.52 118.65
Gemini-2.5-Pro 38.33% 2.93 51.59  25% 020 82% 3% Nan Narl]
Kimi-K2-Instruct 3742% 541 31.00 24% 0.3 92% 0% 245.34 56.18
Gemini-2.5-Flash 25.33% 1.88 17.13  14% 0.12  99% 4% Nan Nan
GPT-40 22.67% 1.92 2127 22% 272 94% 1% 135.20 92.22
Llama-4-Maverick 20.00%  2.10 2194 17% 026 97% 3% 504.93 211.30
DeepSeek-V3 19.42%  0.94 14.30 8% 000 82% 0% 38.95 41.33
Qwen3-235B 19.30% 1.13 2576 19% 440  96% 0% 184.82 173.19
Claude-4-Sonnet 18.67% 246 2127 14% 3.14  33% 1% 243.93 98.23
Llama-4-Scout 12.54%  2.07 14.93 9% 176  86% 4% 215.48 118.96

Table [T highlights the large performance gaps between different models. While some strong agents
achieve relatively high accuracy, many open models remain surprisingly weak. This result is puz-

"'We observe that zero-shot prompting renders the most stable result across most models, better than fewshot
prompt or multi-agent system. However, it cannot render meaningful results for DeepSeek-R1 and Claude-
Opus. DeepSeek expects a different tool-use format than other models. Claude frequently asks the user for
additional information and thus requires careful prompting to fix. To ensure a fair comparison across models,
we excluded the two models in the evaluation.

2We observed that Claude-4-sonnet requires special few-shot prompt strategies to achieve decent perfor-
mance. However, such a prompt can hurt the performance of many other models compared to the default
zero-shot prompting. To ensure fair comparison, we report both zero-shot and few-shot prompting results for
Claude-4-sonnet.

*Number missing due to LangChain output format mismatch for Gemini model series.
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Figure 3: Interaction round scaling. The number of iteration rounds is defined as the number of
tool calls. For each model, we first collect the reasoning trajectory on each task under zero-shot
prompting. For a specified number of interaction rounds n, a trajectory is considered correct either
if it answers the task correctly within n rounds, or it successfully collects all necessary documents
within n rounds and gives a correct answer eventually. GPT-5 exhibits a much stronger interaction-
round scaling than the other three models. Note that z-axis is in logarithmic scale.

(a) Visualization of Nodes (b) Representative Nodes from The Database Graph

Node Sample Document IDs
Grocery Receipts laura_flour_purchase_receipt

(Node 29) chocolate_purchase_receipt

t Fruit Counting xena_total fruit_count

= (Node 54) chads_apple_inventory_log
Youth Sports Stats ~ wario_kick_direction_analysis

(Node 100) james_touchdown_stats

b7} [
X Coordinate

Table 2: Left (a): A t-SNE visualization of the search database embeddings. It highlights three
clusters whose centroids define the embeddings for nodes 29, 54, and 100. Right (b): A summary of
documents for these nodes. The documents have semantic coherence within each cluster.

zling, since our GSM-AGENT environment—adapted from GSM8K—requires only grade-school
math and basic common sense reasoning. Nevertheless, even frontier models fall short of perfect
performance, with the best accuracy reaching just 68.46% (03), while Llama-4-Scout only achieves
12.54%. These discrepancies raise an important question:

What drives such big differences in performance across models, given such a simple environment?

Simple interaction-time scaling does not improve agentic reasoning. Table [T| shows that mod-
els tend to achieve higher accuracy when they perform more search rounds. A natural hypothesis for
the observed performance gap is therefore differences in interaction-time scaling. To test this, we se-
lected three open models (Kimi-K2-Instuct, Llama-4-Maverick, and Llama-4-Scout) and prompted
them to continue searching whenever they attempted to stop. For comparison, we also measured
the test-time scaling behavior of GPT-5, a representative strong proprietary model. As shown in
Figure [3] the accuracy of the open models improves only marginally with additional search rounds,
exhibiting far weaker interaction-time scaling than the proprietary models (GPT-5). This finding
suggests that we must look beyond just interaction time and instead examine the quality of interac-
tion choices-this motivates the design of our agentic reasoning graph.

4.2 IDENTIFYING AND MEASURING CORE SKILLS CONTRIBUTING TO AGENTIC REASONING

In this section, we propose a new framework to understand and analyze models’ agentic reasoning
patterns and, thus, identify the core skills that contribute to a model’s reasoning ability in agentic
settings. Inspired by Minegishi et al.| (2025)), we define the agentic reasoning graph below.
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Figure 4: Correlation between accuracy and exploration, exploitation, and revisit ratio. The three
ratios are defined as the proportion of exploration steps (visit a node that has never been reached),
exploitation steps (visit the same node as the last step), and revisit steps (revisit a previously reached
node after leaving) to the total reasoning steps. We plot their correlation to the models’ accuracy
on our GSM-AGENT benchmark. The plots show that the model accuracy has a weak correlation
to the exploration ratio, a strong correlation to the revisit ratio and a negative correalation to the
exploitation ratio.

Nodes of the agentic reasoning graph. Assume the environment & = {D;}, contains N docu-
ments. Denote the embedding model to be eg(-) and thus e; = eg(D;) € R is the embedding vector
of document D;. We run K-means (K = 250) on {e;}~ , to get clusters {C} } 2, with centroid
{ck}szl, and each centroids ¢;, € R4 correspond to a node vy, in the graph. Therefore, the vertex set
of the agentic reasoning graph is V' = {vy,..., vk }. See Table for a visualization of the vertex
set of our database and examples for the semantic meaning of representative nodes.

Agentic reasoning path. Assume the agent makes 7 tool calls in total in the whole reasoning trace.
For the ¢-th tool call, if it calls Search(x), then the agentic reasoning node p; for the ¢-th tool call
is defined as p; = argmin,, cy [|q(z) — ck|l2, where g(x) € R? is the embedding of the query
prompt z. If the agent calls NextPage(+) for the ¢-th tool call, then the agentic reasoning node is
defined as p; = p;—1. The agentic reasoning path is then defined as 7 = (p1, ..., pr).

Exploration, exploitation and revisit. For each step p; in the reasoning path, we classify it into one
of the three categories. For the first step p1, it is always classified as an exploration step. For t > 1,
ifp; € {p1,...,pt—1},1.e., p; has never been visited in previous steps, then p; is also an exploration
step. If p: € {p1,...,pt—1}, it is considered as an exploitation step if p; = p;_1, and otherwise a
revisit step. The exploration ratio is defined as the proportion of exploration steps among the total
number of steps 7T'. Similarly, we can define the exploitation and revisit ratio. These three ratios can
thus be used to quantify the reasoning pattern and facilitate deeper analysis.

Figure[d]shows that models’ accuracy has a strong correlation to the revisit ratio during the reasoning
trace, which implies that revisit is an important skill in agentic reasoning.

4.3 IMPROVING AGENTIC REASONING CAPABILITY VIA TOOL-AUGMENTED SCALING

Given the insight from the analysis in Section [4.2] instead of naively scaling up the interaction
rounds that is widely adopted for static reasoning, we propose to use tool-augmented scaling, which
might be a more efficient scaling paradigm for agentic reasoning.

Thinking tool, exploration tool, and revisit tool. We introduce three new tools for our experi-
ments. (1) Thinking(-) is a thinking tool, which will copy a model’s preceding tokens to enforce
thinking whenever called. (2) Explore(z) is an exploration tool which has the same effect as
Search(x) while the system prompt will instruct the model to use Explore(z) to explore differ-
ent search queries. (3) Revisit(x) is arevisit tool which has the same effect as Search(x) while
the system prompt will instruct the model to use Revisit(z) to revisit previously called queries.
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Figure 5: Visualization of performance gain via encouraging the revisit reasoning pattern. In
Figure [5a] we compare five different strategies to zero-shot prompting on four different models.
CoT is a prompt-only strategy where the prompt will instruct the model to think more. The re-
maining four strategies are all tool-augmented methods by adding different combinations of the
three tools, Thinking(-),Explore(-),Revisit(:), to the tool set. For Llama-4-Maverick and
Qwen3-235B, tool-augmented methods consistently outperform the prompt-based CoT strategy. For
Llama-4-Scout and Kimi-K2, tool-augmented methods achieve comparable performance to the CoT
method. For most cases, both the tool-augmented method and prompt-based CoT improve over zero-
shot prompting. Figure [5b|plots the correlation between the increase in revisit ratio and the increase
in the accuracy for any of the strategies. It shows a strong correlation between the enhancement of
revisit ability and performance improvement.

We tested four combinations of the above three tools: (1) adding Thinking(+) only to the tool
set F; (2) adding Explore(-) only; (3) Revisit(-) only; (4) adding both Explore(:) and
Revisit(:).

Figure [5a] shows that adding tools outperforms or achieves similar performance to the CoT prompt
strategy in most cases. Moreover, Figure[5b|shows a strong correlation between the increase of accu-
racy and revisit ratio, which further indicates that revisit is an important skill for agentic reasoning.
The above results indicate that the tool-augmented method may serve as a more efficient test-time
scaling paradigm than interaction-time scaling for agentic reasoning.

5 CONCLUSIONS

In this paper, we study LLMs’ agentic reasoning capability, where an LLM agent needs to combine
tool-use and reasoning ability to solve tasks. We first propose a novel benchmark, GSM-AGENT,
where an LLM agent is required to solve grade-school math reasoning problems but must proactively
search for necessary information from the environment. Our comprehensive evaluation of various
models shows a significant gap in performance across different models in the seemingly simple envi-
ronment. We further analyze the reasoning patterns of different models using the agentic reasoning
graph and identify revisit as an important skill for agentic reasoning. Finally, we propose a tool-
augmented scaling method that adds new tools to encourage the model to revisit, which improves
agents’ performance on our benchmark for different models. We hope that our benchmark can serve
as a controllable and clean environment for future study of agentic reasoning, and our framework
of agentic reasoning graph can bring new insights into better understanding and improvement of
reasoning ability for LLM agents.
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