Using T- or Y-mazes to measure working and reference memory in mice
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Short Abstract: 
Mice and rats normally alternate their arm choices in a T- or Y-maze. This reflects memory for which arm they have recently visited. Alternation tests assess short term or working memory. Longer term memory can be studied by teaching animals to always choose a particular arm by rewarding them with food. 
Long Abstract: 
Mice and rats typically choose to consecutively enter different goal arms when repeatedly placed in a T- or Y-maze. This reflects their natural exploratory behaviour in the wild. This “spontaneous alternation” behaviour has been used for decades by experimental psychologists to measure rodent working memory
, i.e. memory for what the animal has just done. This is distinct from reference memory, where the solution is always the same, e.g. “always go left;” or: “always choose the white box not the black”. 

Although spontaneous alternation has been used for many years to study rodent behaviour, typical alternation rates reported in the literature for discrete-trial designs are only around 75%, and alternation is regarded as rather unreliable by some researchers. We report here that rates of 90% or higher are achievable if the animals are prevented from sampling cues from the arm not yet visited. 
Manipulations that affect spontaneous alternation in rodents almost always affect memory for recent events in humans, unlike many other rodent cognitive tests. This suggests that alternation is one of the best, certainly most simple and accessible (in terms of apparatus and experimenter time, especially if automated versions are employed) tests of episodic-like memory. It therefore has great potential in the search for treatments for dementia such as Alzheimer’s disease. 
Reference memory can also be studied in a T-maze. The more cues that are provided, the faster learning will be. A fixed body turn response has been successfully used (e.g. a particular mouse always has to turn right for the reward) combined with distinctive goal arms decorated with different objects and paint schemes (e.g. the mouse is always rewarded for choosing the right arm with nails on the floor and a chequered black-white right wall, never the left arm with small stones on the floor and a black left wall).
A Y-maze can be used for studying “procedural” learning. Each mouse is allocated a direction in which to turn, whichever arm of the maze it is placed into. So, for example, to reach the reward, a particular mouse  always has to turn left, whether placed in arm A, B or C. The arms of the maze are all identical and undecorated. Mice with complete lesions of the hippocampus perform normally on such Y-maze procedural learning, which compares favourably with their chance performance on alternation tasks
. This is because a separate brain region, the nigro-striatal system, mediates procedural learning.
Protocol text:
1) Introduction:
Rodents tend to alternate their choice of arms when exploring T- or Y-mazes,6,7,14. In the wild, this would ensure that opportunities such as finding a mate, shelter or special food were not missed. Alternation testing is a simple and convenient way of assessing cognition (short term working memory). 
Many researchers use continuous spontaneous alternation in a Y-maze to assess cognition. This produces plenty of data but the rate of alternation is very poor, ~65% being a common value2. As the session is continuous, this low rate is probably largely due to interference from preceding arm entries. However, this test does allow measurement of general motor and exploratory drive in terms of the number of arms entered. 
Although alternation in enclosed T- or Y-mazes is often referred to as “spatial” this is really a misnomer, since the animal can see little of the surrounding environment. In Oxford, it has been noted that (naturally) blind mice can alternate at a high rate in an enclosed T-maze, presumably via olfactory and/or vestibular input. They cannot, however, perform truly “spatial” reference memory tasks on an elevated maze which requires them to make use of visually sensed surrounding room cues to find the reward.

Figure 1. A mouse on an elevated T-maze.
Figure 2. A mouse entering the right goal arm in an enclosed T-maze.

Elevated T- or Y-mazes can be used if the experimenter wishes the mouse to perceive a large number of spatial cues (Figure 1). However, mice or rats run much better in enclosed (Figure 2) compared to elevated (Figure 1) mazes, since the latter resemble the anxiogenic open arms of apparatus such as the plus-maze (Figure 3). However, open arms
 do provide more spatial cues. The animals need to be habituated to elevated mazes before experiments can begin. If the protocol involves reward, accustom them to this reward (e.g. sweetened condensed milk) in the home cage beforehand. If they are group housed, faster habituation will occur if they are habituated in home cage groups, due to social facilitation. Since habituation is a step-by-step process, it is better to do it in stages, thus before you put the animals on the elevated maze, place them on an intermediate platform which is wider than the real maze and closer to the floor or bench top.
Figure 3. An elevated plus-maze

2) Alternation testing in a T-maze
2.1) Apparatus: 
An enclosed T-maze in grey or black painted wood or other durable material such as PVC  (Figure 2). The start and goal arms are 30cm long, 10 cm wide and 29 cm high. The goal arms are fitted with guillotine doors at the boundary with the choice area. Crucially, there is a removable central partition extending from the centre of the back of the T to 7 cm into the start arm. This allows access to only one goal arm at a time, and ensures that the rodents cannot receive any sensory input from the arm not visited in the sample phase. Using the central partition allows alternation rates of 90% or higher to be achieved.

When using appetitively motivated mazes, great care must be taken to ensure that the animal does not smell the reward directly. In the case in the preceding paragraph, the distance from the choice point to the reward was too great for the mouse to smell it. The food wells were set at the distal ends of goal arms 30 cm long, so even if the end point was mouse+ tail tip inside the goal box, the nose of the mouse was at least 20 cm from the food well. However, for certain cases when an experimenter needs to be absolutely sure the mice cannot smell the target milk directly, (this especially applies to enclosed mazes and even more so when performing object discriminations, where the mouse is very close to the object mounted on the plate covering the well) additional precautions are advisable.
Figure 4 demonstrates one way of preventing the mouse from smelling the target reward in the food wells. The  odour of the milk reward is masked by surrounding the target reward by a larger reservoir of milk which is unreachable due to the copper mesh covering it. This technique has the disadvantage that the mouse can probably smell the milk in the unreachable reservoirs from both baited and unbaited wells, so it must inhibit itself from making the instinctive attempt to push off the negative object because it smells of milk.







Figure 4. A food well (right side of picture) with a central aluminium well containing the milk reward. The brass stop end cap in which it is set (from a plumber’s supplier) also contains milk to mask the odour of the available reward, but this surrounding milk is inaccessible to the mouse because of the copper mesh covering it. A metal plate (such as a coin) can be used to cover the stop end cap (left side of picture). A small object, such as a brass ring, is glued to the coin to enable the mouse to more easily push it off
 the food well.








2.2) Procedure 

2.2.1) Habituation:
Before you start the experiment, habituate the mice to humans by daily handling1. They should finally be easy to pick up and not struggle excessively or try to bite. Ultra-tame mice can be produced by hand feeding them with a preferred food, e.g. sweetened condensed milk on your fingers. Make no major changes to the way you smell to them, e.g. don’t change deodorant or perfume half way through the experiment. Rodents can recognise individual people for several months, so if more than one experimenter is working on the project make sure the mice are introduced to each of them. Do not wear bangles or other jewelry as they are liable to produce aversive ultrasounds.
2.2.2) Set-up:
Place a thin layer of bedding (~0.5 cm) on the maze floor to facilitate running. A suitable inter-trial interval is 10-20 min, which allows time for recovery of exploratory drive, decreases interference from previous trials, but is not so long that arousal levels decrease, impairing performance. A squad size of 10, run consecutively, is probably optimal6. 

For each trial a mouse should encounter novel bedding. If the bedding is not changed between group trials, mice will run more slowly and alternate at a lower rate. (It is not necessary, and probably counter-productive, to change the bedding between testing each of a group of mice). Also do not disturb the bedding between the sample and choice phases (unless your experiment is designed to be free of olfactory cues) as spontaneous alternation is largely based on olfactory cues6,7. 
2.2.3) Running the maze: sample phase:
Make sure that the maze is set up correctly, with novel (for that particular mouse) bedding on the floor, the central partition in place and both goal arm doors raised. Place an individual mouse at the end of the start arm facing away from the choice area and goal arms. (Tip: drop the mouse the last 1 cm. This allows it to recognise that it is entirely free of the experimenters grip. If you slowly release it, it will be trying to escape from you and that will distract it from orienting and taking in the surrounding cues. It might, for example, dash away in the wrong direction. This tip applies to all such behavioural work). Allow it to explore one goal arm for 30s after its tail has cleared the goal arm door. Close the goal arm door quietly once the mouse has well passed it. The aim is to close the door without the mouse noticing this. If it sees or hears the door closing, it may give the appearance of feeling “trapped” and attempt to escape under the door. (This is one reason why too great a depth of bedding should be avoided, as deep bedding may allow it to actually wriggle under the door). If the mouse doesn’t fully enter a goal arm and attempts to retreat, put your hand in the start arm and the mouse will run away from it into the goal arm, the door of which can then be closed. 
2.2.4) Running the maze: choice phase:
After 30 s goal arm sampling time, remove the central partition, return the mouse to the beginning of the start arm, raise the door of the goal arm it was in and allow it to choose another goal arm freely once again
. The end point is all mouse + tail in a goal arm. It is very important, for consistent data collection, to have rigid and well-defined end points in behavioural experiments. Some researchers adopt an earlier end point, e.g. body excluding tail in the arm. However, it has frequently been observed that mice partially enter the previously chosen arm, then appear to realise that it is familiar. They then turn round and choose the novel arm, thus demonstrating memory
. 
2.2.5) Points to note:

Very nervous mice can be transferred from the home cage to the start arm, and from the goal arm back to the start arm, in a cardboard tube. An emotional animal may alternate less, as it prefers a place it knows is relatively safe. Avoid chasing the mouse around the maze to catch it. If it is not easily caught, persuade it into the start arm before removing it. Then at least any aversion to the arm it was caught in will be useful, rather than detrimental, on future occasions. 
Since the test relies on spontaneous exploratory drive, all mice will eventually cease to run; this may be affected by age, sex and phase of the oestrus or light-dark cycle. Often they run slower by the third trial of the day. So it may be best to run pairs of trials, once or twice per day. This may be the main disadvantage of spontaneous, as compared to rewarded, alternation; in the latter procedure they will run many trials until they are satiated. Two trials a day will give 10 data points per animal over a 5-day week, which should be an adequate data set per mouse.

2.2.6) Timing: 
The memory trace of the sample phase will decay over time. This has two implications; mice which are slow to run may alternate at a lower rate than fast runners, because they have more time to forget. Measuring the run times for sample and choice trials can be a useful extra measure and allows the experimenter to determine whether a lower alternation rate could be due to decreased running speed. Imposing a cut-off time (90 s seems optimal) for sample or choice runs is useful for several reasons: a) it limits the amount of stress and anxiety the mouse experiences. If it is too anxious to run, then further waiting in a stressful place will only decrease the likelihood of successfully running on future trials (for similar reasons short habituation periods are better than long ones in any new apparatus where the mouse will later perform a learning task): b) by standardising the maximum time per trial it allows better experimental planning and scheduling: c) it allows a distinction to be made between motivational and cognitive impairment of performance. The number of failed trials (cut-off reached either on sample or choice runs) can be analysed for each treatment group, while the % correct alternations can be separately derived, using only the number of successfully completed trials. If the cut-off time is reached, return the mouse to its home cage and re-try it later, either after the next mouse has been tested, or after the standard inter-trial interval has elapsed. 

The other implication of the decay of the memory trace for the sample phase is that this can be exploited by the experimenter to counter ceiling effects. If the performance level is very high (as frequently happens when a central partition is used) imposing a delay between the sample and choice phases may lower the control rate of alternation to a point where previously obscured treatment effects, e.g. from a drug that impairs memory, become apparent. A suitable delay can only be determined by experiment in a particular situation, but generally 3 or 5 min is suitable. The mice are held during this inter-phase interval in a cage different to their home cage, as returning them to the home cage would serve as a “forget cue” for mice experienced in the alternation task.
2.3) Data collection and analysis:
The percentage of spontaneous alternation is calculated for each mouse by dividing the number of alternations by the total number of trials x 100, thus a mouse which performs 7 alternations in 10 trials scores 70%. Compare the alternation rates using pairwise comparisons for two-group experiments, ANOVA for multi-group. Use parametric or non-parametric methods as appropriate if the data is normally distributed or non-Gaussian respectively.
. 








3) Appetitively-motivated alternation in the T-maze:

If you need to gather T-maze alternation data quickly, you can reward the mice with a palatable food in the goal arms. 1:1 water: sweetened condensed full fat milk (Nestle Carnation brand is good) is the best reward for mice, given in ~0.075 ml portions. Diluting it to 50% makes it easier to handle e.g. in a 1 ml syringe. 
3.1) Food rationing


If the mice are very well habituated they will probably run a few trials for the milk reward without being food rationed, but performance is greatly enhanced by mild food restriction. Feed them with their ration of lab diet after each days testing is over. A mouse eats around 3 g/day so about 2 g will generally suffice to reduce body weight to ~ 90%. Do not allow them to drop below 85% and if you see one that is quiet, apathetic and cold it has probably been over-deprived and needs urgent feeding. Extreme cases can be revived by oral gavage of sweetened condensed milk
 or intraperitoneal injection of glucose 5% solution (as long as the experimenter is well experienced and confident in these techniques). The key point is to deprive the mice just sufficiently to make them run well, not to aim for a target weight irrespective of their behaviour.
3.2) Procedure

The procedure is essentially the same as for spontaneous alternation (section 2.2.3 – 2.2.). First, fill both food wells with milk (~0.075 ml). Allow the mouse to choose a goal arm and drink the milk; lowering the guillotine door to keep it confined there for 30 s. Then remove it, raise the door and replace the mouse at the beginning of the start arm. If it chooses the opposite arm, allow it to drink the milk and remove it when it has finished and turns away from the food well. There is no need to lower the goal door or confine the mouse on this choice phase of the trial.
If the mouse chooses the same arm on the choice phase as the sample phase, allow it to sense that there is no more milk in the well and turn away. Only remove the mouse back to its home cage when it appears to have fully realized that the food well is empty.
3.3) Data collection and analysis:
For each trial, note the direction taken on the sample and choice runs and score 1 if alternation occurs. If taking run times, these may be conveniently entered on the next line of the results sheet. After 10 trials per mouse have been completed, calculate the percentage alternation rate for each mouse. Analyse the results using a pairwise comparison, the Student’s t test for parametric data, or, if the data is nonparametric, the Mann-Whitney U test. For group comparisons use ANOVA.   






4) Expected results (spontaneous and rewarded alternation):
Using this protocol, high rates of spontaneous alternation can be consistently obtained with C57BL/6 mice and probably many other strains. A high baseline can make the difference between detecting the effects of a treatment or failing to. O’Doherty et al.11 failed to detect a spontaneous alternation deficit in Tc1 mice, which carry an extra (human) chromosome 21; both transgenics and controls scored around 70%. They did not use a central partition and the maze arms were longer than the Oxford design, which probably resulted in the mice having insufficient time to adequately sample them. Subsequently at Oxford (see Figure 7) a significant deficit was observed in these Tc1 mice, which scored 79%, above the level of the O’Doherty controls; nevertheless the control alternation rate was so high (89%) that the result was significant.

Hippocampal lesioned mice2 and rats3 alternate at chance. If a free-choice sample protocol is employed, alternation rate is often only 10-20%. In both cases the low performance is generally due to their adoption of fixed position preferences. Mice in the later stages of scrapie are also impaired at T-maze alternation8. Kir6.2 KO mice were impaired relative to controls in discrete-trial spontaneous alternation in a T-maze4, but they were also observed to run slower and more failed to run in the allotted time of 90 s


5) Reference memory testing in the T-maze with distinctive goal arm inserts:
5.1) Apparatus:

A dedicated decorated T-maze can be made, or inserts placed into the goal arms of an existing enclosed T-maze (Figure 5). A central partition is not used, but the maze should be fitted with guillotine doors at the entrances of the goal arms. One particular arm always remains in the same left/right position. As the aim of this experiment is to maximise the available cues in all sensory modalities, the fact that they cannot easily be cleaned thoroughly is not an issue; the olfactory cues aid learning. This paradigm was originally developed to overcome the learning difficulties experienced using C57/SJL controls for Tg 2576 mice5
. The reward is ~0.07 ml of sweetened condensed milk, placed in wells at the distal end of each goal arm.
Figure 5. Distinctive goal arms can be inserted into the enclosed T-maze for performing a reference memory experiment
.

5.2) Procedure:
Assign each mouse to one particular goal arm. Bait this arm before the trial begins; place ~0.07 ml of milk in its food well. Place the mouse at the distal end of the start arm and allow it to make a free choice. If it enters the positive goal arm (tail tip past the entrance) and then attempts to run out without tasting the reward (this sometimes happens at the start of training) slide the goal door shut to confine it until it has consumed the reward. If it enters the negative goal arm allow it to discover the lack of milk in the food well, and remove it from the start arm when it has returned to it. Thus this is a non-correction procedure, with which animals generally learn faster than if the reward is always given, only with a slight delay due to first visiting the negative arm.
5.3) Expected results:

In pilot tests using n = 2 or 3 female mice /group, both young (3 months) and old (23 months), wild type and control Tg2576 mice learnt this task. Young wild type learnt fastest (~ 90% after 40 trials) and old Tg2576 mice the slowest (90% after 60 trials).  
In a later experiment normal C57BL/6 (n = 10) female mice learnt at approximately the same rate as the young wild type controls from the Tg2576 pilot experiments, reaching ~90% after 40 trials. 
Both experiments ran groups of 5-10 mice successively, i.e. the inter-trial interval was 5-10 minutes after the inevitably slower first runs.
6) Continuous spontaneous alternation in an enclosed Y-maze:

6.1) Apparatus:
The Y-maze has three arms each 30 x 8 x 15 or 20 cm. As in T-maze spontaneous alternation the floor of the Y-maze can be covered with a thin layer of bedding material to facilitate running (Figure 6). A transparent lid can be placed on the maze but 20 cm high walls should prohibit escape in well habituated mice.

Figure 6. A Y-maze for continuous spontaneous alternation

6.2) Procedure
Place a mouse at the end of a pseudo-randomly chosen arm of the Y-maze facing the end wall. The test lasts for three minutes. (Many groups, however, use eight minutes, as in the original paper13). Using either direct observation, recording or automated software measure the sequence and number of arm entries (whole body, including tail), not including the initial placing into the apparatus. Between each mouse, remove faeces and urine patches and smooth the bedding. 
6.3) Data collection and analysis:
Calculate the percentage alternation rate by dividing the total number of alternations (e.g. ABC is an alternation, ABA is not;. ABC or BCA= 2 alternations) by the total number of arm entries. Calculate the direction bias value by dividing the number of right turns by the total number of turns. Then subtract this value from 0.5 to give a bias value, with the sign indicating the direction of the bias. 

Compare the values for each measure using pairwise comparisons for two-group experiments, ANOVA for multi-group. Use parametric or non-parametric methods as appropriate if the data is normally distributed or non-Gaussian respectively.
6.4) Expected results:

In the original paper13 a reasonable rate of alternation, 75%, was obtained using Sprague-Dawley rats. Generally, however, the rate of continuous alternation in a Y-maze is much lower than from discrete-trial alternation. Control C57BL/6 mice alternated at 80% in the latter paradigm, hippocampal lesioned mice 50%, whereas in the continuous Y-maze task, the figures were 56% controls, hippocampals 52.6%, a difference that failed to reach significance2.. A continuous alternation protocol has also been run using a four-armed plus maze12. Sprague-Dawley rats alternated at 45%, a rate well above the chance level of 22%, and glucose significantly improved performance.   
7) Discussion:

7.1) Discrete trial spontaneous alternation in the T-maze
Although the rate of data collection may be low with discrete-trial spontaneous alternation protocols, the % alternation is so high that in most situations this is not a severe disadvantage. The total duration of experimenter time required is very similar to that for rewarded alternation. So the experimenter must select the most appropriate type of procedure for his/her particular needs. They should consider whether a deprivation regime would have an effect on the treatment administered to the mice. For example, diabetic mice would react differently to the deprivation than controls. If the experimenter needs to collect lots of data quickly using spontaneous alternation, however, one technique is to delay the onset of habituation to the apparatus by using two or more slightly different T-mazes, all with different bedding (i.e. from different cages); you could even try alternative substrates such as different types of wood chip or corn cob etc. bedding; a large variety are available from the manufacturers. At Oxford six trials have been run within a day, alternating between two different mazes, with little decrement in alternation rate.
Graduate students at Oxford routinely participate in a practical class in which they perform spontaneous alternation with (generally) C57BL/6 mice. Crucially, the mice are well handled before the student practical1. Although these students have little or no prior knowledge of either mouse handling or behavioural work in general, the group generally achieves rates of 90% alternation or higher. (It is extremely good training for the students to do a practical experimental following a written protocol, and also competitively entertaining for them as they hope their mouse successfully alternates). 
The high rates of alternation obtainable using the protocol described here for discrete-trial T-maze spontaneous alternation.can be seen in figure 7. Compare this with the results of O’Doherty et al.11 who used a larger maze without a central divider at the choice point.
Figure 7. Comparison of control and Tc1 mice on discrete-trial T-maze spontaneous alternation.
7.2) Continuous spontaneous alternation in the Y-maze
Although the continuous Y-maze procedure gathers a lot of data and can be automated (hence its popularity) it also suffers from severe disadvantages. Not only is the rate of alternation very low, but the procedure will potentially fail to detect cognitive impairment in the classic model, the hippocampal lesioned rodent. Such lesioned animals frequently develop a fixed body turn response, always turning left for example. Clearly such an animal will score a very high rate of alternation in a continuous Y-maze procedure, giving the false impression that it is cognitively intact, which is not at all the case. However, the procedure can be usefully employed as a form of locomotor activity testing. 

7.3) Forced sample choice or free?

For appetitively motivated alternation it is common (for largely historic reasons as the early rat publications used this technique) for a forced sample arm position sequence to be used. If a mouse is running 10 trials a day it receives a semi-random left- (5 trials) right (5 trials) sequence, with no more than 3 consecutive turns in the same direction
. The disadvantage of this protocol is that the lowest possible level of performance is 50% for an animal that develops a position fixation (which hippocampal lesioned mice generally do). Using a free choice paradigm, an animal with a very strong position preference could score 0% alternation. Therefore if the maximum difference in performance between controls and animals with a deficit is desired, a free choice protocol is best. For example, if the experiment consisted of a control, impaired, and impaired + drug-treated group the possibility of seeing an improvement by the drug is optimal with a free choice
 sample protocol.
8) Conclusion:

In summary, the T-maze is an extraordinarily versatile piece of apparatus, and can be used to measure many aspects of memory. Moreover, when used for spontaneous alternation, it reflects the “Refinement” aspect of the “3 Rs” and is not a “regulated procedure” under the UK Animals (Scientific Procedures) Act, 1986
 (unless a treatment or genetic manipulation is part of the procedure). It has enormous potential in the search for treatments for human memory disorders, as unlike other memory tests in rodents it would appear to model human episodic memory for recent events7. It should be assumed, however, that factors apart from memory, such as attention, motivation, performance etc. can also potentially influence spontaneous alternation behaviour9.
The experimental parameters described in this article, including details of apparatus construction, test duration etc. have been used successfully in our laboratories at Oxford. However, they should not be regarded as absolutely definitive; minor changes are unlikely to affect performance significantly and improvements are always possible. All the protocols described in this article can also be run using rats rather than mice, although naturally the apparatus dimensions would need to be increased.
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�That's Honig's (1974) or Olton's (1979) useage, but it isn't Baddeley and Hitch's, or Goldman-Rakic's - you might want to make sure that your readers don't end up confusing different useages?


�I wonder if these numbers from nowhere will confuse people? And I don't think you should give people the impression that this doesn't work if you have a plain maze interior (not least because some people might want to compare performance on this procedure to performance on the next, and as it's written here one might assume that this can't be done all in the same apparatus.


�I think that you should probably emphasise that this is in a maze with no internal decorations - otherwise, following on as it does from your description of a T-maze with lots of intramaze features in the goalbox. 


�NO: you really shouldn't say this!! It's exactly what critics of the GluR-A data say, and it's not true: it simply depends on the brain intervention being investigated. If I were DB I would probably want to shoot you if you make this claim from this lab!!! And there are treatments that appear selectively to affect reference but not working memory.


�I think it was ambiguous as you had put it               


�Perhaps worth emphasising this?


�Yes, but this may change the memory modality (for example, to reduce the extent to which it’s a spatial task relying on extra-maze cues).


�I think that this would be hard to understand if I didn’t already know what it was about.


�I think it was ambiguous as you had put it               


�I think it was ambiguous as you had put it               


�As it was originally put, it implied that the mouse couldn’t choose the same goal arm. 


�You shold emphasise that a very clear, pre-specified choice criterion is terribly important for reliability of data


�That should really only be done by someone who knows how to do it. I would recommend that you leave these out – I think they will cause more trouble than they are worth in inexpert hands.


�You don’t mention goalbox confinement, but that may be an important factor (as opposed to permitting correction or wrong choices)


�Rob, David Olton (for example) would think this was a completely different taks, with a different neural substrate. And actually  in studying HPC lesioned animals (for example) it’s not the absolute size of the group difference that’s the most important factor: it’s the more or less zero variance. 


�Yes but see earlier comment on this


�Yes, but this may change the memory modality (for example, to reduce the extent to which it’s a spatial task relying on extra-maze cues).


�You don’t mention goalbox confinement, but that may be an important factor (as opposed to permitting correction or wrong choices)


�Rob, David Olton (for example) would think this was a completely different taks, with a different neural substrate. And actually  in studying HPC lesioned animals (for example) it’s not the absolute size of the group difference that’s the most important factor: it’s the more or less zero variance. 


�I wonder if you want to include work on interference manipulations as well?





