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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 
Scriptwriter: If authors are from China, please use the second note to connect them with Yuan. Please remove the statement that does not apply before sending the draft script. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. OR
When you are ready to submit your video files, please contact our China Location Producer, Yuan Yue.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 27
Number of Shots: 48

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Ethics Title Card
Scriptwriter: If an ethics card is required, please remove the statement that does not apply before sending the draft script. Delete the entire section if there are no animal or human subjects requiring an ethics statement. 
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)	Comment by Vipasha Sharma: Author: If ethical approval is required for this work, then provide ethical statement in this format.
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Inherited MindEye2 Backbone Configuration
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.
2.1. Begin by preparing the workstation and analysis environment for configuring the inherited MindEye2 backbone [1]. Configure the inherited MindEye2 (Mind-eye-two) backbone with 1 sequence position and 4 residual multilayer perceptron mixer blocks [2]. In each block, apply pre-layer normalization followed by feature-mixing and sequence-mixing 2-layer multilayer perceptron sublayers, using width-preserving linear transformations, Gaussian error linear unit activation, a dropout rate of 0.15, and residual connections [3].
2.1.1. WIDE: Talent seated at the workstation with the analysis software and model configuration interface open on the monitor.
2.1.2. SCREEN: Inherited MindEye2 backbone being configured with 1 sequence position and 4 residual multilayer perceptron mixer blocks.
2.1.3. SCREEN: Pre-layer normalization, feature-mixing, sequence-mixing, width-preserving transformations, Gaussian error linear unit activation, dropout, and residual connections being configured within each block.
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page:  https://review.jove.com/account/file-uploader?src=22577368 


2.2. Enable bias in all linear layers and set the layer-normalization constant to the 1 × 10⁻⁵ [1]. Omit final normalization after the fourth block [2].
2.2.1. SCREEN: Bias being enabled in all linear layers and the specified layer-normalization constant being set.
2.2.2. SCREEN: Final normalization being omitted after the fourth block.

2.3. Initialize the backbone from the participant-specific MindEye2 checkpoint and verify strict correspondence between the checkpoint and model parameters [1]. 
2.3.1. SCREEN: Participant-specific MindEye2 checkpoint being loaded and strict correspondence with the model parameters being verified.

2.4. Include all inherited residual-backbone parameters in the joint CoSPIR optimization [1]. During validation, reconstruction, and interpretability analysis, load the learned participant-specific CoSPIR checkpoint and use the backbone in evaluation mode [2].	Comment by Vipasha Sharma: Author: How will it be pronounced?
2.4.1. SCREEN: Inherited residual-backbone parameters being included in joint optimization.
2.4.2. SCREEN: Participant-specific CoSPIR checkpoint being loaded and the backbone being set to evaluation mode.

3. Base Condition Token Generation
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Apply linear tokenization to generate the base condition tokens [1]. Use this stream as the base condition for retrieval and generation, and retain its residual bypass [2].
3.1.1. SCREEN: Linear tokenization being applied to generate the base condition tokens.
3.1.2. SCREEN: Base-condition stream being retained for retrieval and generation together with its residual bypass.

3.2. Flatten the residual-backbone output according to the participant-specific MindEye2 configuration and apply a biased affine projection to produce 425,984 values [1]. Reshape these values directly into 256 condition tokens of 1,664 features without additional activation, normalization, scaling, or dropout [2].
3.2.1. SCREEN: Residual-backbone output being flattened and projected to 425,984 values.
3.2.2. SCREEN: The projected values being reshaped into 256 condition tokens with 1,664 features each.
3.3. Initialize the projection from the corresponding MindEye2 checkpoint and verify its dimensional compatibility with the backbone output [1]. Optimize it jointly with the trainable CoSPIR components and retain the learned parameters during inference without further updates [2].
3.3.1. SCREEN: Projection being initialized from the MindEye2 checkpoint and dimensional compatibility being verified.
3.3.2. SCREEN: Projection being jointly optimized with the trainable CoSPIR components and retained without further updates during inference.
3.4. Retain the base condition after tokenization for attention query generation and as the residual bypass [1]. Project the aggregated stage evidence to the same token-feature space, scale it by the learned gate, and add it elementwise to the unchanged base condition [2].
3.4.1. SCREEN: Tokenized base condition being retained for attention-query generation and the residual bypass.
3.4.2. SCREEN: Aggregated stage evidence being projected, scaled by the learned gate, and added elementwise to the unchanged base condition.

3.5. Before addition, verify that both tensors have identical batch, token, and feature dimensions and contain only finite values [1]. Terminate execution when these conditions are not satisfied rather than forcing compatibility through broadcasting, truncation, padding, or reshaping [2].
3.5.1. SCREEN: Tensor dimensions and finite values being verified before addition.
3.5.2. SCREEN: Execution terminating when compatibility requirements are not satisfied.

4. Condition-Guided Fusion Setup
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Apply separate linear projections to the base condition and the stage-aware cortical tokens [1]. Calculate condition-guided cross-attention [2].
4.1.1. SCREEN: Separate linear projections being applied to the base condition and stage-aware cortical tokens.
4.1.2. SCREEN: Condition-guided cross-attention being calculated.

4.2. Define the 3 globally learned parameters and calculate the global nonnegative stage weights [1]. Reweight the token-specific attention values with the global stage weights and renormalize them along the stage dimension [2].
4.2.1. SCREEN: Three globally learned parameters being defined and global nonnegative stage weights being calculated.
4.2.2. SCREEN: Token-specific attention values being reweighted with the global stage weights and renormalized across stages.

4.3. Calculate the stage residual and final corrected condition tokens [1]. Map the stage values, apply a single learnable gating scalar and the sigmoid function, and interpret the globally learned fusion parameters as model parameters rather than direct measurements of neural reliability [2].
4.3.1. SCREEN: Stage residual and corrected condition tokens being calculated.
4.3.2. SCREEN: Stage values being mapped, gated with the learnable scalar and sigmoid function, and treated as globally learned fusion parameters.

4.4. Set the projection dimensions to 1,664 to 256, 256 to 256, and 256 to 1,664 as applicable [1]. Use bias-free linear projections initialized with Kaiming-uniform initialization using the specified negative-slope parameter under seed 42 [2].
4.4.1. SCREEN: Linear projection dimensions being configured to the specified input and output sizes.
4.4.2. SCREEN: Bias-free projections being initialized with Kaiming-uniform initialization under seed 42.

4.5. Train all 4 projections jointly with CoSPIR and fix their learned participant-specific parameters during inference [1].
4.5.1. SCREEN: Four projections being jointly trained with CoSPIR and fixed during inference.

4.6. Initialize the 3 learnable stage-weight logits to zero to obtain equal initial weights of one-third after softmax normalization [1]. Initialize the learnable gating scalar to minus 3.0, corresponding to an initial sigmoid gate of approximately 0.0474 [2]. Train both parameter sets jointly with CoSPIR without separate pretraining [3].
4.6.1. SCREEN: Three stage-weight logits being initialized to zero and normalized to equal initial weights.
4.6.2. SCREEN: Learnable gating scalar being initialized to minus 3.0 with the corresponding sigmoid gate displayed.
4.6.3. SCREEN: Both parameter sets being trained jointly with CoSPIR without separate pretraining.

5. Stage Selection and Gated Residual Correction
Demonstrator: Click here to enter name of demonstrator(s)
5.1. Input the base condition tokens and stage-aware cortical tokens into the condition-guided cross-attention module [1]. Use the base condition to select the stage evidence required by each condition token [2].
5.1.1. SCREEN: Base condition tokens and stage-aware cortical tokens being input into the condition-guided cross-attention module.
5.1.2. SCREEN: Base condition being used to select stage evidence for each condition token.
5.2. Implement condition-guided fusion as single-head scaled dot-product cross-attention using 256-dimensional condition queries and three 256-dimensional stage keys and values [1]. Scale the query-key products and apply softmax across the 3 stages [2].
5.2.1. SCREEN: Single-head scaled dot-product cross-attention being configured with 256-dimensional queries and 3 256-dimensional stage keys and values.
5.2.2. SCREEN: Query-key products being scaled and softmax being applied across the 3 stages.

5.3. Apply no attention dropout, masking, causal constraint, or additional normalization [1]. Restrict the 4-head setting to the shallow stage encoder [2]. Balance the Early, Middle, and Higher evidence using the 3 globally learned, nonnegative, normalized stage weights without interpreting these weights as measured neural reliability [3].
5.3.1. SCREEN: Attention configuration being verified without dropout, masking, causal constraint, or additional normalization.
5.3.2. SCREEN: Four-head setting being restricted to the shallow stage encoder.
5.3.3. SCREEN: Early, Middle, and Higher evidence being balanced using the 3 learned normalized stage weights.

5.4. Estimate 1 set of 3 global stage weights independently for each participant without sharing these parameters across participants [1]. Apply the same weights to all samples and condition-token positions for that participant [2].
5.4.1. SCREEN: Participant-specific global stage weights being estimated independently.
5.4.2. SCREEN: The same participant-specific weights being applied across samples and condition-token positions.

5.5. Constrain the weights to be positive and sum to 1 using softmax normalization [1]. Combine them multiplicatively with the token-specific attention and renormalize across stages before aggregation [2]. Aggregate the selected and balanced stage evidence and map the aggregate to the condition-token dimensionality [3].
5.5.1. SCREEN: Stage weights being constrained by softmax normalization.
5.5.2. SCREEN: Global stage weights being combined with token-specific attention and renormalized before aggregation.
5.5.3. SCREEN: Selected and balanced stage evidence being aggregated and mapped to the condition-token dimensionality.

5.6. Project each stage value from 256 to 1,664 dimensions and compute the weighted sum across the 3 stages using the globally reweighted attention coefficients and the specified minimum normalization denominator [1].
5.6.1. SCREEN: Stage values being projected from 256 to 1,664 dimensions and combined using the globally reweighted attention coefficients.

5.7. Apply no activation, normalization, clipping, or dropout to the projected or aggregated evidence [1]. Multiply the resulting correction by the sigmoid gate and add it elementwise to the unchanged base condition [2].
5.7.1. SCREEN: Projected and aggregated evidence being retained without activation, normalization, clipping, or dropout.
5.7.2. SCREEN: Correction being multiplied by the sigmoid gate and added elementwise to the unchanged base condition.

5.8. Add the stage correction to the base condition using the gated residual to obtain the corrected condition tokens [1]. Preserve the original base condition so that the stage stream corrects rather than replaces the inherited whole-voxel decoder [2].
5.8.1. SCREEN: Stage correction being added to the base condition using the gated residual.
5.8.2. SCREEN: Original base condition being preserved while the stage stream provides the correction.

5.9. Following conservative condition fusion, the stage-specific contributions were evaluated using attribution and target-region enrichment analyses [1].
5.9.1. SCREEN: Stage-wise attribution and target-region enrichment analyses being performed on the fused model outputs.

Author: Step 5.9 has been added to bridge the narration of the protocol and result section.






















Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 135
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Stage-wise attribution analysis showed that the Early residual was concentrated in visual area 1 and visual area 2 [1], the Middle residual in visual area 3 and visual area 4 [2], and the Higher residual in the higher visual region, indicating stage-specific spatial attribution patterns [3].
6.1.1. LAB MEDIA: Figure 4. Video editor: Please highlight the “Early” row cells under “V1” and “V2”
6.1.2. LAB MEDIA: Figure 4. Video editor: Please highlight the “Middle” row cells under “V3” and “V4”
6.1.3. LAB MEDIA: Figure 4. Video editor: Please highlight the “Higher” row cell under “higher-vis”
6.2. Target-region enrichment was 3.55 for the Early stage in visual areas 1 and 2 [1], with a 95% confidence interval of 3.42–3.68 [2], and 3.30 for the Middle stage in visual areas 3 and 4 [3], with a 95% confidence interval of 3.15–3.45 [4].
6.2.1. LAB MEDIA: Figure 5. Video editor: Please highlight the “Early → V1/V2” bar 
6.2.2.  LAB MEDIA: Figure 5. Video editor: Please highlight the black horizontal error bar on top of the “Early → V1/V2” bar
6.2.3. LAB MEDIA: Figure 5. Video editor: Please highlight the “Middle → V3/V4” bar at 3.3
6.2.4. LAB MEDIA: Figure 5. Video editor: Please highlight the black horizontal error bar on top of the “Middle → V3/V4” bar

6.3. For the Higher stage, target-region enrichment was 1.22 in the higher visual region [1], with a 95 percent confidence interval of 1.15-1.29 [2]. The 95 percent confidence intervals for all 3 stages remained above the uniform-attribution expectation of 1.0 [3]. 
6.3.1. LAB MEDIA: Figure 5. Video editor: Please highlight the “Higher → higher-vis” bar 
6.3.2.  LAB MEDIA: Figure 5. Video editor: Please highlight the black black horizontal error bar on top of the “Higher → higher-vis” bar
6.3.3. LAB MEDIA: Figure 5. Video editor: Please highlight the dashed horizontal line at 1.0, followed by the lower ends of all three error bars to show that all confidence intervals remain above the line
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