










Q: Can you describe the positioning of 
the cows?

A: The cows are spread out 
in the field, with some 
cows closer to the trees 
while others are further 
away.

For Reference
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A: The person is likely 
watching TV or controlling 
some electronic device with 
the remote control. The way 
they are holding it and the 
cozy setting with a blanket 
suggests a relaxed and 
leisurely activity.
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Detailed Description

Q: <image>\n Describe the following image in detail.

A: a group of cows peacefully grazing in a lush green field. Some of the cows are standing in the tall grass, while others are scattered across the grassy 
area. In the background, there are trees adding to the picturesque view. The cows have varying colors, with some being brown and white. The composition of the 
image captures the essence of a calm and natural environment where the cows are free to roam and feed.

Brief Description

Q: <image>\n Describe the image concisely.

A: a herd of cows standing in a field

Complex Reasoning

Q: <image>\n What is the distribution of the cows in the field based on the description and their positions in 
the image.

A: It seems that the cows are spread out across the field rather than clustered closely together. Some cows are 
grazing towards the left side of the field, while others are scattered towards the right side. There is no 
specific pattern to their distribution, indicating a more relaxed grazing behavior rather than a tight grouping.

Detailed Description

Q: <image>\n Describe the following image in detail.

A: a gray cat is peacefully resting under a white blanket on top of a bed. The cat's head is peeking out from underneath the blanket, illuminated by a gentle 
light. The cat seems comfortable and relaxed in its hiding spot. The bed occupies the lower portion of the image, while the cat takes up a significant portion 
of the upper area, creating a contrast between the soft bedding and the furry feline. The overall atmosphere is serene and domestic, with the cat enjoying a 
quiet moment of rest under the covers.

Brief Description

Q: <image>\n Describe the image concisely.

A: A cat is sitting on a wooden bench.

Complex Reasoning

Q: <image>\n Why is the cat positioned in a specific way on the bench?

A: The cat is positioned with its head up and eyes open, lying comfortably on the 
bench.

Detailed Description

Q: <image>\n Describe the following image in detail.

A: a person holding a game controller in their hand. The person is positioned towards the left side of the image. The controller is placed on the right side of 
the person, slightly towards the center. The scene seems to be focused on the interaction between the person and the Wii remote, possibly indicating a gaming 
or entertainment activity. The person's hand holding the controller appears to be in a relaxed position, suggesting a casual setting. The Wii remote is sleek 
and modern in design, contrasting with the person's hand holding it. 

Brief Description

Q: <image>\n Describe the image concisely.

A: a person is holding a remote control in 
their hand

Complex Reasoning

Q: <image>\n What is the person likely doing with the remote control based on their posture and the surrounding 
environment?

A: The person is likely watching TV or controlling some electronic device with the remote 
control. The way they are holding it and the cozy setting with a blanket suggests a relaxed and 
leisurely activity.

Detailed Description

Q: <image>\n Describe the following image in detail.

A: I see a person standing next to a dining table. On the table, there are two donuts placed on a white paper. One of the donuts is 
covered in powdered sugar. The person is holding two more donuts in their hand. Additionally, there is a cup on the table. The scene 
seems to be focused on the delicious treats of donuts and ice cream being enjoyed by the person

Brief Description

Q: <image>\n Describe the image concisely.

A: a man holding a donut and a napkin

Complex Reasoning

Q: <image>\n What is the man in the image holding, and what is his expression like?

A: The man in the image is holding a donut and some napkins. He appears to be 
smiling, possibly indicating a positive expression.

Figure 11: Some examples of multimodal interactions from fMRI data. The images are for reference
only. The model performs multi-modal interaction based on fMRI signals and generates different
forms of dialogue, including brief descriptions, detailed descriptions, and complex reasoning.

D.3 Concept Localization

In the section, we explored the neural correlates of visual stimuli by mapping the captions derived
from the visual content directly onto brain signals. This process involved using GradCAM [35] to
generate heatmaps that visually represent the regions of the brain activated in response to specific
elements of the visual stimuli. These heatmaps provide a compelling visualization of how different
concepts associated with the images are processed across various areas of the brain.

Fig. 12 displays heatmaps that localize the brain activity corresponding to the captions of visual
stimuli. These images are crucial for understanding the distribution and intensity of neural responses
as they relate to the cognitive processing of visual information. By analyzing these heatmaps, we
can infer which areas of the brain are most involved in the interpretation and semantic processing of
the stimuli, providing insights into the underlying mechanisms of visual perception and cognitive
response.

The localization of these concepts within the brain not only aids in validating theoretical models
of brain function but also enhances our understanding of the cognitive processes involved in visual
perception. Such detailed mappings are instrumental in advancing our knowledge of the brain’s
architecture and its functional connectivity in response to complex stimuli.
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Q: <image>\n How many cows are grazing in 
the field?

A: There are about twenty cows Grazing.

Q: Can you describe the positioning of 
the cows?

A: The cows are spread out 
in the field, with some 
cows closer to the trees 
while others are further 
away.

For Reference

Complex Reasoning

Q: <image>\n What is the person likely 
doing with the remote control based on 
their posture and the surrounding 
environment?

For 

Reference

A: The person is likely 
watching TV or controlling 
some electronic device with 
the remote control. The way 
they are holding it and the 
cozy setting with a blanket 
suggests a relaxed and 
leisurely activity.

Visual Reconstruction

For 

Reference

Q: <image>\n Reconstruct 
this visual stimulus

A: A dog smiling as it 
sticks its head out a 
              car door.

Concept Locating

Q: <image>\n Locating the 
concept of "giraffe"

A: Locating the concept...

For 

Reference

Visual Stimulus Visual Stimulus Visual StimulusResponse to the Caption Response to the Caption Response to the Caption

Figure 12: Heatmaps illustrating brain regions activated by specific captions derived from visual
stimuli, demonstrating the spatial distribution of neural responses.

E Limitations

While our study introduces several innovative approaches to the decoding of non-invasive brain
recordings and extends the capabilities of visual reconstruction using advanced computational models,
there are several limitations that should be acknowledged:

Generalization across Diverse Populations: Our method was validated primarily using the Natural
Scenes Dataset (NSD), which consists of data from a limited number of subjects. Although we
demonstrate robustness across these subjects, the generalizability of our findings to broader pop-
ulations remains an area for further investigation. Differences in neural anatomy and functional
organization across individuals that are not represented in the NSD could affect the efficacy and
accuracy of our model in wider applications.

Computational Complexity and Resource Requirements: The implementation of our framework,
particularly the integration with Large Language Models (LLMs) and advanced image processing
techniques like ViT3D, requires substantial computational resources. This might restrict the utility of
our approach in environments with limited computational capacity or in real-time applications where
rapid processing is crucial.
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Challenges in Real-World Application:While the single-trial test setting introduced in our study
adds a layer of practical relevance by evaluating model performance in a more realistic scenario, it
also presents challenges. The variability in single-trial fMRI responses, which can be influenced
by numerous uncontrollable factors such as minor head movements or physiological fluctuations,
may lead to inconsistencies in decoding accuracy. This variability emphasizes the need for further
refinement of noise reduction and signal processing techniques.

Ethical Considerations: The development and application of brain decoding technologies raise
ethical questions, particularly concerning privacy and consent. As our methods advance and poten-
tially become capable of decoding more detailed and sensitive information from brain data, ensuring
ethical deployment and the protection of participant data becomes paramount.

These limitations highlight the need for continuous improvement and careful consideration in the
deployment of brain decoding technologies. Addressing these challenges through further research
and development will be crucial for realizing the full potential of non-invasive brain decoding in both
scientific research and clinical applications.
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NeurIPS Paper Checklist

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

Answer: [Yes]

Justification:

Guidelines:

• 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]

Justification: Limitations are discussed in Appendix E.

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]
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Justification: The manuscript does not contain theoretical results.

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.

4. 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: In Appendices A, B and C we describe in detail the settings required to
reproduce the experiment, and for the datasets and key code that will be released with this
manuscript, we have provided it in the supplementary material.

Guidelines:

• 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
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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: Code and language extensions for the NSD dataset are provided in the supple-
mentary material.
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).

• Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLs 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: Detailed training details and evaluation metrics are provided in Appendices B
and C.
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.
7. 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: [No]
Justification: The results of the manuscript do not include error bars, mainly for the following
reasons: 1. In order to make a fair comparison with other methods, other literature in this
field does not report error bars. 2. Multiple experiments involving LLMs are computationally
expensive. 3. The results of this manuscript have been verified on different subjects, and the
results are consistent.
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.
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• 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).

• 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: Detailed hardware facilities and computational overhead are provided in
Appendix B.
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.
• 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).

9. 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: This manuscript does not involve direct human subjects; all data used are from
publicly available datasets that comply with the ethical standards of NIPS.
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).
10. Broader Impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?
Answer: [Yes]
Justification: Detailed social impact is discussed in the Conclusion and Appendix E.
Guidelines:

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

11. 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: There is no relevant risk.

Guidelines:

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

12. 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: We do cite all the existing assets in our paper as well as in our codebase.

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.
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• 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.

13. 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.

14. 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.

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.

15. 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.
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• 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.
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