We would like to thank the editor and reviewers for their helpful comments and advice. We have revised our manuscript in response to these, and our point-by-point responses are listed below. All changes made are also indicated in red text in the supplementary Word file submitted. 


Editorial comments:

Editorial Changes
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

The manuscript has been carefully proofread. 

2. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly.

All steps of the protocol are now written in the imperative tense and any information that could not be included in this way has been included as a “Note”. 

3. Please use SI units as much as possible and abbreviate all units: L, mL, µL, cm, kg, etc. Use h, min, s, for hour, minute, second.

All units are reported in abbreviated SI format.

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials.
For example: Allentown Inc, Envigo, Mississauga, Ontario, Canada, CheeriosTM , Harlan® Teklad, Global Diet 14% protein, SAS®9.4, etc.

Commercial language has been removed from the main text. 

5. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Step 1.1.3.1: This statement is confusing. The code allows the researcher to identify the animal and the researcher stays blind to the code ID as outlined in 1.1.3.2.?

We have added more detail throughout the protocol, particularly to steps 1.1.3 regarding blinding, 1.4.3 regarding digging pot preparation, 2.8 and 4.6 regarding live- and video-scoring of digging behavior and 5 regarding data analysis. 

Step 1.1.3 noted in the comment now reads:

1.1.3 Randomly assign each animal a “blind code”.

NOTE: Blinding allows the researcher handling the mice and scoring their behavior to remain unaware of the animal ID or treatment, avoiding undesirable subjective bias. This is a mandatory step to comply with the ARRIVE guidelines (Animal Research: Reporting of In Vivo Experiments) and other reference documents20.

1.1.3.1 In a spreadsheet containing each animal ID and the corresponding treatment they have been assigned to, add a column for blind code. 

1.1.3.2 Randomly assign each animal a unique code (e.g. a letter and number combination “A2”) that is unrelated to cage number or treatment.

NOTE: All randomization should be conducted using a random number generator (e.g. Random.org). During this randomization step, counterbalance across treatment, strain etc., where applicable.

1.1.3.2.1 Have this done by a research assistant who will remain “unblind” to treatment throughout experiments. This individual must not collect data during testing, to avoid biased assessments.

1.1.3.3 During all data collection, only provide the “blind” researcher who is live- and video scoring latency to dig and digging duration with the animal’s blind code, keeping them blind to treatment.

NOTE: Spreadsheets used during data collection will only include the animal’s blind code and the corresponding latency to dig and digging duration for each trial. At the end of experiments, the corresponding animal ID and treatment information can be added to the spreadsheet, thus “unblinding” researchers for data analyses. 


6. Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.

All highlighted steps now include an action written in the imperative tense. 

7. Please include a title and a description of each figure and/or table. All figures and/or tables showing data must include measurement definitions, scale bars, and error bars (if applicable). Please include all the Figure and Table Legends together at the end of the Representative Results in the manuscript text.

Figures have now been edited to meet these requirements. 

The author instructions state to “Indicate via brackets if figure/table placement at another location in the text is preferred [Place Figure 1 here].” This was the approach we had followed for Figure 1, Table 1 and Table 2 (to be placed at the end of the Protocol), but this can be changed if required. 

8. As we are a methods journal, please also include in the Discussion the following along with citations:
a) Critical steps within the protocol

L 622-628 now reads: The task thus presents a valuable tool for diverse fields of research. Like any JB task, to assess animal affect it is critical that animals first learn to discriminate between cues (step 4.6.2) and that the ambiguous stimulus is interpreted as intermediate (step 5.3). Though simple, meeting these requirements can be challenging, particularly in laboratory mice for which over 15 past attempts to develop and implement a mouse JB task have failed19. Here, multiple components played an essential role in meeting these technical criteria, and contributed to the success and utility of the task. 

b) Any limitations of the technique

Limitations of the technique are detailed within L675-693, and specific goals for future work to replicate and refine this task are discussed (e.g. application in different mouse strains and rodent species, assessing repeated testing with multiple or repeated ambiguous probes). 

c) The significance with respect to existing methods

We have now expanded on this within the discussion. 

L645-660 now reads: Thus, to ensure task sensitivity, we used a unique Go/Go design since this approach has been shown to be more sensitive to changes in animal affect than Go/No-Go designs in other species15. However, the use of an unscented arm containing a low value reward in all trials differentiates this task from previous failed attempts to validate a Go/Go JB task for micee.g., 36–38. Here, during positive trials mice choose between a high value reward in the DS+ arm and a low value reward in the unscented arm; and in negative trials they choose between no reward in the DS- arm and a low value reward in the unscented arm. Although this requires mice to learn a more complex task (i.e. discriminating between cues predicting different values of reward, rather than simply reward presence or absence), it appears that having a consistent option, where a low value reward was always present, may have made training and testing less stressful for mice and enhanced learning (with 86% of mice meeting learning criteria). While mice are often assumed to be challenging to train or unable to learn difficult tasks18, results here suggest that their abilities should not be underestimated, and that designing low stress, ethological tasks may be a more effective approach for detecting changes in affect than simpler tasks or those with harsher consequences (e.g. involving punishment like air puffs or white light instead of simply reward absencee.g., 39–41). 

L689-693 now reads: Such replication and refinements are important since no other valid JB tasks have been developed for mice to date; and since JB tasks are sensitive to both the valence and intensity of affective states (as outlined in the introduction), something that most indicators of animal affect fail to do (e.g., hypothalamic-pituitary-adrenal activity can be altered in response to both positive and negative experiences7, 45). 



____________________________________
Reviewers' comments:

Reviewer #1:
Manuscript Summary:
The protocol describes a method of evaluation of judgement bias in mice. The procedures are well described and should be easy to follow.

Major Concerns:
None

Minor Concerns:
I miss indication of statistical significance in Figures 3 and 4. Also, I feel, that statistical considerations might be a specific paragraph, including power analysis, etc.


Thank you for pointing this out and for the helpful suggestion. Statistical significance is now indicated in Figure 4. We did not add the statistical significance in Figure 3 because its objective was to confirm (or visually inspect) that one of the technical criteria (step 5.3) was achieved. This is now made clear in the title of the figure too, which reads “Figure 3. Determining whether mice meet requirements for JB assessment.” 
We have also included details on data analysis within the protocol. Step 5 (L458-487) now reads:

5 Data analysis:

NOTE: Exact analyses required will depend on the details of the experimental design. A general overview is outlined here, but researchers are strongly encouraged to refer to Gygax22 when planning analyses for animal JB experiments and to Gaskill and Garner 23 when selecting sample size (since required analyses are often too complex for a priori power analyses).

5.1 “Unblind” the researcher by adding the corresponding animal ID and treatment information for each blind code to the spreadsheet. The resulting spreadsheet will include 3 rows for each animal that met learning criteria – one for the positive, negative and ambiguous test trial – indicating their latencies to dig in the scented arm.

5.2 Run a repeated measures generalized linear mixed model using preferred statistical software. Here, the outcome variable will be latency to dig, and the model must include Treatment (or continuous variable of interest), Trial Type and the Treatment*Trial Type interaction as fixed effects. Mouse ID (nested within treatment) must be included as a random effect. Additional terms included in the model will depend on the experimental design applied.

NOTE: If mice are group housed (as is appropriate for this social species24) and cage mates are tested, then cage nested within treatment (if present) must be included in the model as a random effect (and Mouse ID must subsequently be nested within cage). 

5.3 Plot the least square means of latency in each trial type to confirm that the ambiguous cue presented was interpreted as intermediate (i.e. that the latency least square means estimate for the ambiguous trial falls at a midpoint between the positive and negative latencies). Mouse JB can only be assessed if this requirement is met.

5.4 Assess the simple effect of treatment (or continuous variable of interest) on latency to dig in the ambiguous trial (i.e. investigating the Treatment*Trial Type interaction) to determine whether mice display affect-modulated JB.

I mostly work with rats, so I am curious whether the protocol is transferable to rats.

Though the task would require validation in rats, we believe that this task could be applied in other rodent species that are motivated to burrow. 
Thus, Line 796-798 now reads: Indeed, this task could potentially be extended to any rodents intrinsically motivated to make burrows43, 44 provided appropriate size modifications are made, and validation is confirmed.  

Reviewer #2:
The manuscript describes a mouse judgement bias task that has previously been validated by Resasco et al 2021.

I only have a few minor comments:
* In the Experimental preparation section, the authors describe preparation of positive discriminative stimulus (DS+) with both vanilla and mint scents. In the Resasco et al. 2021 paper, Mint DS+ mice interpreted intermediate odor mixtures as positive and not ambiguous. The authors address this issue in the Discussion (Lines 544 - 548). It would be useful for the reader to highlight this issue in the Experiment preparation part, in the same way as the authors urge the reader to conduct pilot tests to identify high and low value rewards prior to starting the task (Line 136).

Thank you for this excellent suggestion! L99-108 now reads:

1.1.1 Pseudorandomly assign cages to mint or vanilla positive discriminative stimulus (DS+) groups:

NOTE: This protocol has only been validated for mice assigned to vanilla DS+ odour mixture (see Representative Results and Resasco et al.19 for details). However, we strongly encourage authors to conduct pilot tests to confirm that the DS+, DS- and ambiguous mixtures used meet requirements for valid JB assessment (steps 4.6.2 and 5.3). Thus, the methods outlined here include the testing of both a vanilla and a mint DS+, to provide an example of a group that successfully meets requirements for assessment of JB (the vanilla DS+ mice), and a group that fails to do so (the mint DS+ mice). 


* In general, many aspects of this paradigm have only been validated in one sex (females) and two strains of mice (C57BL/6NCrl and Balb/cAnNCrl) and the reader should be encouraged to conduct pilot studies if using other strains. 

Thank you, we have now acknowledged this. 

L684-687 now reads Additional validation experiments should also study the value of shorter protocols, as well as potential differences between stains and sexes (though the original publication does address these issues, successfully employing a shorter protocol to assess affect in male mice19).

For example, according to the protocol, the mice are fasted for one hour prior to training (Lines 244) and 334). This may have worked in this experiment, but is often not sufficient to motivate mice to perform in cognitive tasks as the animals will often shift their feeding schedule. It also depends when in the dark phase the training takes place - mice usually feed at the beginning of the dark phase. These are all minor details that can affect learning the task. Perhaps it is not the scope of this manuscript but maybe the authors can direct the reader to other options of food restriction and deprivation commonly used, which may facilitate discrimination learning resulting in fewer drop outs (Lines 387).
Some exampels here:
Wahlsten. "Chapter 11 - Motivating Mice", In Wahlsten, Douglas, and John C. Crabbe. "Behavioral testing." The mouse in biomedical research. Academic Press, 2007. 513-534.
Graulich, Dana Marie, et al. "Looking on the bright side of bias—Validation of an affective bias test for laboratory mice." Applied Animal Behaviour Science 181 (2016): 173-181.

We understand the reviewer’s concern. However, we believe that the short fasting time is a strength of this protocol for multiple reasons. First, fasting can alter a number of physiological and behavioral variables and as a consequence, it is recommended that it be kept to a minimum (Jensen et al 2013). Indeed, hunger itself might affect appraisal in cognitive bias tasks (Verbeek, Ferguson & Lee, 2014). Moreover, if mice fasted for longer periods of time are at risk of losing preference for high vs. low value food rewards (Novak et al. 2016), a critical component of this task (i.e., ensuring animals prefer the DS+ arm over the unscented arm). Finally, the mice used in these experiments were unlikely to have shifted their feeding schedule since order of testing was random/opportunistic across days. All in all, our mice were extremely successful in learning the task, as 31/35 mice met the learning criterion, and replicate experiments in our lab have shown similarly high success rates (over 80%). 




