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When interpreting how an animal “learns” discrimination tasks, strain capabilities must be 

considered, and it should be shown that they comprehend the task in a manner consistent with 

the given interpretation.  A novel visual-discrimination (VD) task for relative-size-relations was 

used to examine visual cue use in C57BL/6J mice, which are shown to have biologically good 

vision and neurologically intact memory for VD tasks.  Results suggest C57BL/6J strain may not 

be fully capable of relative cue-size associations or even object recognition—based on a water 

maze VD task.  This is in contrast to previous studies suggesting this mice strain is quite strong in 

visual skills and on VD tasks.  Additionally, cue size and/or cue-pairings do appear to influence 

specific directional preferences or stereotyped behaviors as trainings continued, and these 

strategies shifted during novel probes.  Future studies should assess how mice discriminate 

between objects and test rat’s capabilities on this task. 
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CHAPTER 1 

INTRODUCTION 

 

 A commonly referenced quote—as given by Einstein—is that the definition of 

insanity is: “doing the same thing over and over again and expecting different results”.  The 

following research found over several different studies, that mice continually choose the 

same/similar strategies for success, even when those choices continually result in poor 

performance and slow results.  In the context of these behavioral studies, it is considered 

that perhaps mice brain systems are not fully equipped to work with some of the behavioral 

paradigms given to them—in both these studies and outside experiments.  Lastly, it is 

discussed to what extent and possibly how various trainings and probes may influence these 

same patterns when making novel choices.  When considering that olfactory abilities are 

rather strong in rodents, it is of question to what extent they might be using visual 

discrimination skills in order to make correct associations of reward with environmental 

cues.  This thesis asks: why might mice continually make incorrect visual discrimination 

choices which do not immediately lead to reward?  Furthermore, it investigates the effect 

that visual cues—as landmarks—might have in guiding spatial navigation.   

 After looking into the current research available for rodent paradigms, it was 

determined that little information was out there regarding the capabilities of mice and rat 

visual systems towards the properties of objects—such as size, shape, luminance, color, etc..  
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In particular, it was noted that a lack of attention was drawn towards cue/object “size”, and 

the effects that this could have on a behavioral task.  Furthermore, much of the research 

performed on mice assumes that if they have good visual skills (as defined by various 

performance measures), this means that they are capable of discerning between detailed 

environment characteristics.  The following studies, sought out to discern if mice were 

capable of being trained to visually discriminate between two relative sized objects (i.e., 

smaller objects versus larger objects).  Several different cue shapes, sizes, and colors were 

used in a water maze task; while various training presentations of the cues were used in an 

attempt to train mice to locate a submerged platform below either of the two object types.  

What was found appeared to be in conflict with many of the discussions regarding mice 

visual capabilities; however, upon closer inspection they are quite in alignment with 

previous research, and appear to add both qualitative and quantitative aspects to the bigger 

picture of mice behavioral paradigms.   

 When considering that genetic knockout models of mice have permitted greater 

experimental control over species typical traits, mice models have become important in 

building knowledge of how brain systems are underlying cognitive behaviors.  Furthermore, 

much research is already available for rat behavioral experiments (and neuronal modeling), 

but proving that mice respond similarly to them requires performance comparisons in 

behavioral experiments such as this. 
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CHAPTER 2 

BACKGROUND REVIEW 

 

2.1     Brief note on methods of testing 

Before discussing methods of testing, it’s important to differentiate between two 

related yet unique concepts in behavioral experiments.  Performance and learning may be 

considered similar ideas that are correlated to each other; however, they should be defined 

and understood as two separate and distinct concepts.  According to the “Theories of 

Hippocampal Function” book, “in a behaving animal, performance is what we can see and 

measure, whereas learning reflects a variety of covert processes that we assume are taking 

place in the brain” (Anderson et al, 2007).  Covert brain processes work to obtain 

knowledge, and it is in the outward behavior that we perhaps can see this knowledge at 

work.  It is in the measurement of behaviors though that we see performance.  With this in 

mind, it is important to note that performance itself may be a learned behavior as well.   

The following is an example of why these two constructs (performance and learning) 

must be considered separately.  It is possible for an animal to perform extremely well in a 

task (via whatever measurements you decide to take) yet it may not actually be “learning” 

the task in the manner that the experimenter intended.  Given a simple visual discrimination 

task a mouse may either choose an object in region A or in region B.  Now imagine that you 

want the mouse to learn, “always go to the novel object”.  Suppose at first the mouse seems 
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to be performing poorly, but over several days improves its task performance.  At this point, 

you proclaim that the mouse has learned the task and performs well, as evidenced by 

several days of great performance after a learning curve—yet you are actually wrong.  

Imagine that what actually happened is all of the ‘new’ cues towards the end of the 

experiment had one characteristic in common (i.e., they had black circles on them), and the 

mouse was actually learning “go to black circles” or had a natural disposition to black circles.  

In this scenario, the mouse did not actually learn the correct rule, and yet it still performed 

well.  Therefore, we must carefully consider the two as separate and distinct (even though 

they could at times be tied to one another). 

2.2     Behavioral Tests: 

2.2.1  T-Mazes and Cross Mazes:   

 

Figure 1.  “T-Maze” 

 As is given by the name, in a simple T maze (Figure 1) a rodent would be trained to 

run inside a maze shaped like a T, while the cross maze involves a x shaped maze.  For the T-

maze, a mouse begins at the base of the stem (lower portion of T) and as it traverses 

through the maze, it is confronted with the cross-bar region in which it needs to choose 
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either a left turn or a right one.  Depending on the learning task, several variables can be 

altered such as reward or cues that indicate which way the animal should choose—in order 

to be rewarded.  In a typical study normal rats may be trained to turn towards the direction 

of specific environmental cues.  As training continues, the maze will be flipped 180 degrees 

so that the mice do not develop a turning habit (Douglas, Neve, Quinttenbaum, Alam, 

Prusky 2006).  A turning habit has developed when an animal consistently and continually 

chooses to turn only one direction (either left or right) regardless of what it is being trained 

to.  Rats that get trained to use distal cues early on—as in a spatial and/or place task—when 

trained a longer time often develop a turning habit/bias.  This is opposed to the behavior of 

going towards the external cue (once the maze has been rotated). 

2.2.2  Radial mazes:  

 

Figure 2.  “Radial Arm Maze”  

 The radial arm maze (Figure2) contains one central starting point with several 

equally sized arms extending from that region.  Animals travel the lengths of each arm while 

searching for rewards (often water or food pellets).  Once a reward has been obtained, 
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normal animals will learn that it does not make sense to return to that particular arm 

because the reward no longer exists there (Passino, Ammassari-Teule 1999).  Arms that 

contain a reward are often called “baited” arms.  This type of task requires a “win-shift” 

strategy in order to perform well—meaning the animal learns to avoid a previously 

rewarded location. 

Some radial arm maze experiments wish to test the ability for animals to associate 

the baited arms with contextual cues.  These experiments would provide a form of cue (such 

as different smells in each arm) and only certain scents would be rewarded.  Eventually, the 

animal would be tested (perhaps by moving the arm locations that contain the correct 

scent).  During testing it would observed if the animal chooses based on where the 

previously baited arms were located in physical space, directional heading, or based on the 

scent (paired association) itself.  Based on performance measures (varying, depending on 

the type of experiment) a researcher can narrow down what strategy has been chosen by 

the animals.  
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2.2.3  Visual Water Box Tasks:  

 

Figure 3.  “Visual Water Box” (As shown: The Pattern Discrimination Task) 

 In a typical water box task –i.e., the visual detection task as given by Wong & Brown 

(2006)— there are 12 Trials per day/session.  Mice or rats are trained to associate the 

hidden escape platform below a positive stimulus (S+) screen (i.e., grating) which acts as the 

reinforcement/reward, versus a negative stimulus (S-) (i.e., grey screen) which has no 

platform available to escape from.  Initially, mice are placed on the platform (in front of the 

S+ screen).  Subsequently they are then gradually moved away from it at further and further 

distances.  For the typical visual detection task, eight (8) trials per day could be given, for 

approximately eight (8) days, and there are three variations given for this task as follows: 
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1) Visual Detection task:  This task uses a sinusoidal 17 cycle/degree grating vs a 

grey screen, which mice compare the two and then choose—based on trainings 

to one particular side.  

 

2) Pattern Discrimination Task (see Figure 3; above):  This task utilizes a horizontal 

grating and a vertical grating, to compare and test whether a species/strain can 

discriminate between the two simple patterns.   

 

3) Visual Acuity: Is a test using a variety of degrees between grating line gaps.  This 

test looks at how similar the degrees between lines on two separate screens 

may be before an animal can no longer differentiate or discriminate between 

the two gratings.  

  

 The primary advantage to using this task (for testing vision) are that mean 

luminance does not differ between the two sides (of water box) if full cycles/degree are 

used as a visual stimulus—for the sine wave function that creates a black and white grating 

on screen (Wong, Brown 2006b).  Previous visual studies with mice have suggested that 

luminance differences between objects can sometimes create a choice bias.   
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2.2.4  Morris water maze:  

 

Figure 4. “A Typical Water Maze” 

Visible Platforms: In the visible platform task, cues are provided within the pool 

arena (Figure 4) that reliably indicate the location of either a hidden (despite the name 

‘visible’) or above water platform.  In the case of a hidden platform, visible intramaze cues 

may indicate the location of the platform (Eichenbaum, 2002).  For example, in one 

experiment a portion of the north facing wall could be painted black (on a white background 

wall) indicating a relative reference to where the hidden platform is located in the pool—

i.e., in this type of experiment, perhaps it could always be located a specific distance and 

angle from the black region of wall.  In a similar but different visible platform task, the 

platform itself may be located slightly above (~1cm) the water, and this acts directly as a 

reference to the escape region the animal must swim to.  Because intramaze cues are often 

used heavily for this task—and extramaze cues not necessarily required to succeed in the 

task—the visible platform test measures gross visual skill, but is not adequate for testing 

detailed visual capability (Brown, Wong 2007).  As suggested, this task may be used in 
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environments with or without extramaze cues---however, the later may influence 

performance considering mice may use a combination of both extramaze and intramaze 

cues to guide themselves to the platform.  In rodents without major deficits this task is 

learned relatively quick, and is capable of being used to test other sensory, motor, or 

motivational deficits. 

 Hidden Platforms:  In the hidden platform task, extramaze cues (visuo-spatial cues 

distally placed outside of the pool/arena) are used by the animal to orient itself in the water.  

This task requires that the platform always be submerged (~1cm for mice) in the water or 

invisible from the animals view.  Every effort should be made to reduce intramaze cues—

which do not require strong visual skills to see—that might otherwise be used as landmarks 

to locate the platform and can confound experiment results.  Because extramaze cues are 

placed a longer distance away from the arena, this task is better for testing fine visual 

abilities and differences between strains.  Static extramaze cues in this task may act as place 

markers and assist mice in orienting themselves around the pool.  Mice are presumed to be 

using previous trial knowledge regarding the approximate distance a hidden platform is 

from each of the extramaze cues.  They then may locate the hidden platform rather quickly 

in the pool—regardless of where they are released from—assuming they orient themselves 

in the sub environment and can visually use the distal cue information for this task.  

Furthermore, according to T.Myhrer this task may be used to test place learning and various 

other learning sets such as working memory (2003).  Although there are several different 

accounts and models of working memory given (Baddely and Hitch, 1974; Cowan, 1995; 

Kintsch, Patel, & Ericsson, 1998), in the context of these tests it would be information held 
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over a brief period of time—in the order of seconds—and that has the potential to be 

maintained later in memory for minutes or days (via additional memory systems).   

2.2.5  Recognition memory tasks:  

 

Figure 5. “Recognition Memory Task” 

 Recognition memory tasks (Figure 5) are studied by presenting both novel and 

familiar objects, or by using the rodent’s keen sense of smell to test its familiarity for which 

smells were previously rewarded.  Recognition memory is both distinct from and similar to a 

visual discrimination paradigm.  It can be different from a visual discrimination task in that 

you are not actually pairing an object with a reward (conditioning) but merely “asking” if a 

subject recalls the previously observed object.  Furthermore, unlike a pure visual 

discrimination task, rodents may utilize their keen sense of smell or even tactile abilities to 

discriminate between objects—thus even blind rodents may have the potential to perform 

well in these tasks.  The recognition task’s similarity to visual discrimination tests comes 

from having multiple objects being presented, and the measures used to determine 
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performance potentially overlapping—this is particularly true of animal studies.  In 

recognition memory studies on mice and rats, experimenters use time spent “observing” 

the object (or within close proximity of the object) to determine recognition (Brown, Wong 

2007).  It has previously been shown that mice will spend more time in the region of an 

unfamiliar novel object, than a familiar one—or near equal times for both objects if they are 

both familiar/unfamiliar (Ennaceur and Delacour, 1988).    

2.3    Testing Variations: 

 Although the following items are technically part of the tests themselves, they do 

not clearly fall under one particular task itself.  Instead, they are variations that may be 

included as part of the multiple testing paradigms listed above.  Furthermore, sometimes 

they may even be combined with one another, depending on what exactly an experimenter 

would like to observe.  That said, it is important to note some special considerations should 

be taken into account when using these tests/test variations in a behavioral experiment. 

2.3.1  Dry land v.s water tasks:  

 Dry land tasks are often enclosed maze or open field tasks (see the next section) in 

which animals run on regular dry ground areas.  The floor space that mice are performing 

the experiment on may be either a solid, patterned, or textured area (depending on if the 

experiment is encompassing these elements as a part of discrimination testing).  For 

example, in a dry land radial arm maze, each of the different arms could be uniquely 

patterned or textured, such that mice may use these context cues in order to learn correct 

choices.  On the other hand, wet mazes may be open arenas (i.e., a 3-5 meter cylinder) filled 

with water, and mice typically are trained to locate an escape platform—hidden/visible 
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platforms in the water that permit the animal to move to dry space, and thereby end the 

trial. 

 In wet versions of a maze, locating an escape platform acts somewhat as a reward, 

and the water (or requirement of swimming) act as an aversive stimuli—dependent on the 

animal being tested.  Dry land tasks have the advantage of avoiding potential stressors due 

to the aversive water stimuli—as animals often exhibit minor stress initially under these 

conditions.  While dry maze tasks may avoid stressing animals during the task, they often 

carry a different issue—diet restriction.  Restricting animal diet is often necessary when 

food/water are given as rewards for correct choices.  The potential problems with diet 

restriction are that animals may become stressed during housing periods or even generally 

aggressive.  Furthermore, it requires additional monitoring of animal health and safety due 

to placing them on the unnatural diet.  When considering performance measures, it’s 

important to note that animals will have different velocity rates between the two tasks 

(Whishaw & Tomie, 1996).  Primarily, rodents may be faster at walking in a dry land 

environment than they are swimming in a wet one.  In this sense, velocity would not be a 

good measure to use when comparing performance between mice for dry maze versus wet 

maze tasks (Douglas, Neve, Quittenbaum,  Alam, and Prusky, 2006).   

2.3.2  Open Field/Arena:  

 In an open field maze the mouse is free to roam within a non-enclosed medium to 

large sized sub environment while video/tracking software monitors behaviors.  Sometimes 

food pellets are thrown around the environment to stimulate movement in the rodent, 

while others may just monitor natural movement (Hamilton, Akers, Weisend, Sutherland 
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2007).  Different variations of this task may involve using multiple objects within the field 

and observing behaviors towards the objects (i.e., tests of recognition memory).  Or 

alternatively, an experimenter could choose to reward behaviors or paths regarding specific 

objects/cues placed in the field (similar to visual discrimination type tasks).   

 The open field task is mostly utilized to understand and observe free exploration 

behavior in rodents as opposed to forced decision tasks.  Furthermore, this task is useful in 

neurophysiology as it allows an experimenter to naturally observe neuronal firing for a 

particular sub environment.  This type of testing is typically seen for head direction and 

place cell recordings in which either intramaze/ or extramaze cues may significantly affect 

cell firing patterns (Shapiro, M.L., Tanila, H., Eichenbaum, H., 1998).  Furthermore, it has 

been suggested from this work, that these firing patterns may differ significantly when 

tested in an enclosed forced choice test versus an open field environment (Markus et al., 

1994 & Mcgregor, Hayward, Pearce, and Good, 2004)— suggesting the importance of 

choosing between an open versus closed environment.   

 The large variability in behavior that is observed in open arena testing makes it 

significantly harder to determine the meaning of performance and behaviors, but gives a 

better idea of natural abilities.  On the other hand, an enclosed forced-choice test creates 

less confusion in determining how to measure performance, limits the options an animal has 

to choose from, but could potentially also hide the actual associations that are being made 

by animals—in that the unnatural environment may limit what an animal would do given 

other alternatives.   

  



  15  
  

2.3.3  Discrimination Tasks:  

 Discrimination tasks are those that make animals choose between a set of objects, 

environments, stimuli, or various other choices.  They are often used to determine cognitive 

abilities, sensory deficits, and various differences between animals/species when trained to 

specific stimuli, and then later presented with a novel but similar choice.  These types of 

tasks may require multiple abilities and it can be inferred that several brain regions are 

required to work in unison to perform the tasks (i.e., sensory perception, 

procedural/declarative memory, working memory, motor coordination, etc).   

 A short listing of the various discrimination tasks that could be performed are: 

visual, tactile (touch), olfactory (smell), gustatory (taste), etc.  One major consideration to 

take into account when comparing discrimination tasks is that, just because two different 

experiments use the same stimulus type (i.e., vision/visual stimuli), it should not be assumed 

that the experiments are testing the same thing.  For example, there are many 

characteristics that make up visual discrimination towards objects (i.e., color, luminance, 

angularity--rounded features versus sharp jagged ones—linearity, hue, etc.).  Thus, two 

visual discrimination tasks using similar but different objects may actually be training and 

testing for two different and unique things.  Furthermore, the method of training an animal 

to choose between objects, could significantly affect the paired associations made by that 

animal.  This would mean that even two experiments using the same exact objects, could 

potentially have different results—if the methods of training animals to discriminate 

between objects differed.   
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 To give some examples and considerations, a typical visual discrimination (VD) task 

would include a set of rules such as: if stimulus A then “go right” and if stimulus B then “go 

left”.  This type of learning is normally considered to require “procedural memory” (Bussey 

et al 1997).  Alternatively, something to consider is whether or not concurrent discrimination 

learning is being tested in a VD or other discrimination task—in which multiple pairs of 

objects must be tested and remembered by the animal.  This type of task requires a high 

memory load for stimulus-reward associations.  In humans, these types of tasks are 

normally a sensitive test for amnesia.  In the case of testing rats, an eight pair task has been 

used before by Bussey et al. (1997) in which rats must learn the stimulus in each pair that is 

rewarded.  This particular type of task, would investigate “non-spatial” learning (see Figure 

5). 

2.3.4  Reversal Learning:  

 Visual reversal learning is believed to measure behavioral flexibility, and ability of 

animals to shift strategies when a particular learned behavior no longer works.  This form of 

testing is often done by training (or rewarding) the animal for one particular type of cue, 

object, stimulus characteristic, or context, and then suddenly changing the characteristic 

that is to be rewarded/trained.  This particular form of learning has been associated with 

the medial prefrontal cortex in mice, and will be discussed in depth later on (Brigman & 

Rothblat, 2008; Douglas et al, 2006) . 

 2.3.5  Contextual Testing:  

 Contextual studies examine an animal’s fear/excitation for a new environment 

when that environment is encompassed in a previously punished/rewarded context.  The 
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new environment has a similar enough surrounding as the previous one (visual cues, smells, 

and other stimuli), that it is observed to elicit a past response from the old environment in 

normal animals.  Typically for rodents this is observed in a contextual fear experiment, and 

shock is used as a negative stimuli (Douglas, et al, 2006).  Normal mice will stop all 

movements (called “freezing”) more frequently when placed in the new environment, 

considering it has similar enough surroundings to a previously punished 

environment/setting.  Although contextual testing often occurs in an enclosed open field 

chamber, it is important to note that context could have an influence on performance in any 

of the above mentioned tasks or environments (i.e., an enclosed T-maze).  Furthermore, the 

variables measured to observe an animal’s recollection for previously trained contexts will 

differ based on the animal under study—i.e., not all animals necessarily show strong 

‘freezing’ behavior like mice do (Douglas, et al).   
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CHAPTER 3 

Strategies, Strain Differences, and Neural Correlates 

 

3.1     Various Strategies for Various Tasks  

 Many studies in history have utilized rats for testing spatial and visual discrimination 

abilities rather than mice.  More recently, research has become interested in mouse models 

due to the increased use of various genetic strains.   Genetic knockout studies bring to 

question the ability to compare the previous rat models and studies with current and recent 

experiments in mice (Upchurch and Wehner, 1988; Holmes et al., 2002; Bothe et al., 2005; 

Brooks et al., 2005).  The following sections will describe a few studies that have been done, 

and exemplify a few findings for how the two species relate and/or differ.  Furthermore, 

from these studies it is possible to see a few strategies that these animals may use when 

performing in various tasks.  

3.1.1 Strategy for a spatially related task 

 Cressant, Besson, Suarez, Cormier, and Granon, studied spatial learning in Long-

Evans hooded rats & C57BL/6J mice (2007).  This research group found that each strain 

appears to have a different strategy and performance level in similar tasks.  Utilizing an 

open cross-maze, “richness of environment” was found to have a significant effect while 

learning to locate baited arms (Cressant et al.).  In the context discussed, an enriched 

environment is one that has several objects and cues in the surrounding extramaze 
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environment.  An animal may use these extramaze cues in order to reliably orient itself in a 

surrounding environment.  In the study, an enriched environment with several distal spatial 

cues was shown to improve performance and learning in mice.  Notably, and perhaps 

surprisingly, an enriched environment did not significantly affect the same abilities in rats.  

Supporting that there are differences between strains, mice placed in a “poor environment” 

(minimal/no extramaze cues) did notably worse on tasks (than mice and rats in a rich 

environment; and than rats did in a poor environment). 

 It has already been debated whether mice and rats may have different performance 

for water maze tasks than dry one’s—due to the nature of their swimming abilities.  To 

refute this, the experimenters utilized measures comparing open field swim speeds of each 

species to measures of dry land speeds.  Additionally, they have used measures involving 

number of correct entries or incorrect reentries into each arm, which does not involve 

movement velocity.  Lastly, Cressant et al. noted that previous findings for both dry and 

water mazes show discrepancies between locomotion, and therefore, this is not necessarily 

a task dependent difference.  For this reason, any additional differences seen between them 

could be related to the condition given in an experiment on these tasks.   

 In the probe portion of cross-maze testing, the individual arms were relocated to 

various angles within the environment—with the exception of one arm which remained in 

the same location.  It was found that rats visited a location less frequently than mice, but 

spent more time investigating individual arms (thus they were slower at running the maze 

initially when compared to mice).  Later on, the opposite was true and rats ran the maze 

more quickly.  It was found that they had both less frequent visits and spent less time in 
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each zone than mice.  On the other hand, mice in both time periods had a preference for 

more recurrent behavior and less time spent in each zone. 

3.1.2 Strategies in visual discrimination (VD), reversal (RT), and water box tasks (WBT) 

 In a radial eight-arm maze task requiring visual discrimination abilities, Passino & 

Ammassari-Teule (1999) found a similar effect to that of Cressant et al (2007).  For their 

experiment, mice were required to use eight different floor patterns under each arm in 

order to locate food rewards.  After being trained to associate only certain patterns with 

food rewards an animal should enter each arm only once for optimal performance.  After 

training the mice several days it was found that although they generally visited less than 

eight (8) paths for a single trial, they hardly succeeded in visiting only four (4)—which was 

the number of baited arms each time.  Considering this, the findings mimic Cressant et al’s 

results where mice showed a preference for more recurrent behaviors with less time spent 

in each arm/zone (2007).   

 There were a couple explanations given by the authors. First, it was suggested that 

perhaps mice weren’t motivated enough.  When taking into account that mice were food 

deprived, this seems a weak argument and unlikely.  However, their second account appears 

quite possible: mice failed to correctly identify the visual patterns associated with a reward.  

In order for this account to be shown, it would have to be assumed that mice are not 

sufficiently capable of associating specific visual patterns with a reward.  Alternatively, it 

could also be possible that mice were incapable of discriminating the difference between 

certain patterns at all.  This later suggestion may be unlikely though, considering that mice 

eventually learned to show a preference for some of the arms more than others.  Regardless 
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of what accounts for these differences, it is most essential to note that mice do show a 

difference in behavioral strategies from rats.  Furthermore, mice appear to be unable to or 

less efficient in performing these visual and place oriented tasks.  

 Visual reversal learning (as mentioned in 2.3.4) is a variation of discrimination 

testing, and is believed to measure behavioral flexibility for a task.  Brigman & Rothblat 

(2008) give a good account for the utility of this task, and the following is a summary:   

 Mouse studies on visual reversal learning relate their results to a similar test used 

for monkey—the Wisconsin Card Sort Task (WCST).  In the WCST, a monkey must first 

attend to one of two stimulus dimensions (i.e., black lines / white shapes).  Later, in a new 

problem the monkey must either attend to: (1) the intradimension (ID), which is the same 

relevant stimulus dimension previously rewarded, or (2) the extradimension (ED), which is a 

different and new relevant stimulus dimension.  The extradimension is presumably harder 

because it requires that the subject abandon an initially established attentional set, and 

focus on something else.  Below is a picture of the WCST given to humans (Figure 6), in 

which the primary stimulus dimension of a single card, must be chosen from four options 

above it—in this case, the possible stimuli sets to attend to include: “cross/plus –sign”, the 

color “red”, or the feature of “two objects”.  The individual must choose which stimuli set to 

attend to, based on which one was previously rewarded and/or considered a correct choice. 
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Figure 6. “Wisconsin Card Sort Task (WCST)” 

 When a subject continues to use the ID, despite no reward, it’s considered that they 

have an inability to shift attentional resources.  It is often seen that damage to neural 

systems is responsible for this lack of attentional control.  Lastly, in visual reversal learning, a 

previously incorrect stimulus or cue becomes the newly rewarded stimulus.  With mice, a 

visual water box training may be accompanied by a reversal task.  Similar to tests using the 

WCST, normal mice should be capable of shifting strategies and learning a newly rewarded 

visual stimuli set—or even a previously incorrect and untrained stimuli/stimuli set.  Despite 

common thinking that this task reveals perseverative errors only—errors persisting in the 

early stages of reversal training—occasionally exceptions have been found (i.e., Brigman & 

Rothblat found that mPFC damaged mice show errors mainly only later in learning). 

Rats with damage to the medial prefrontal cortex (mPFC) are impaired in 

performing on “difficult” reversal tasks (stimuli that differs by only one dimension)(Brigman 
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& Rothblat, 2008).  In relation to this, Bussey, Muir, Everit, and Robbins (1997) found that 

“easy tasks” in which the stimuli differ on multiple dimensions are not as easily affected.  

“Difficult” tasks in the Bussey et al. studies were considered to be those that used stimuli 

differing in pattern only (size & luminance of an object were kept the same), while an “easy” 

task used stimuli that differed in all three dimensions (pattern, size, and luminance).  Bussey 

et al (1997) concluded in their study that mPFC lesions may impair the ability to attend to 

the features of stimuli on “difficult” tasks (single dimension features).  Supporting this 

finding, McDonald, Foong, Ray, Rizos, Hong (2007) found a difficult task—differing in only 

one dimension (B&W luminance)—was easier for mPFC damaged mice as well.  When 

comparing mice and rats there were differences found in the  strategy between the two, 

despite having damaged similar brain regions. 

 In a Wong & Brown study (1996) of, “age-related changes in visual acuity, learning 

and memory in C57BL/6J and DBA/2J mice”, several measures of visual ability were 

assessed.  This experiment chose to use a visual water box as it had been assessed to 

measure visual acuity in mice as young as forty (40) days, and it could be used for repeat 

testing.  Within the water box, mice were presented with three variations of visual testing: 

1) the visual detection task, 2) a pattern discrimination task, and 3) a test for visual acuity 

(see section 2.2.3 for details).  In the above tasks, a pattern of Left (L), Right (R), L, L, R, L, R, 

R, was given for the first four days.  While a pattern of R, R, L, R, L, L, R, L, was chosen for the 

following four days, in conjunction with a reversal task.   

 Mice were obtained at approximately eight weeks of age, began testing at sixteen 

(16) weeks, and then were reassessed at six (6), twelve (12), and (24) months.  One test was 

given each week, and results were compared for the various tasks at all ages—both within 
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and between mice strains.  In order to assure that mice were generally able to associate 

rewards with stimuli pairings and not deficient in motor skills, an odor preference 

discrimination task and a rotarod test for balance were included as well.  As discussed 

earlier, several different discrimination tasks may be used in order to show that a deficit 

occurs specifically for one sensory modality, and not the others.   

 Although there were several listed results for each task and time period, only the 

key ones will be given here.  At six (6) months mice tested in a Morris task were observed 

for strain differences regarding “total path distance” traveled.  DBA/2J and D2.mpc1b mice 

travelled more in general to get to the target—which suggests they were not as effective in 

locating the platform.  At twelve (12) months old, visual ability was tested by the detection 

& acuity tests, which were all negatively correlated with latency and swim distance to find 

the platform—thus, swimming distance and latency to find the platform decreased while 

visual ability (accuracy) increased.  Also supporting accuracy of mice performance on this 

task is that there was a positive correlation for percentage of time spent in the correct zone.  

At twenty-four (24) Months, C57BL/6J and B6.mpc1d mice failed to show a reversal effect, 

but showed a significant decrease in latency and swim distance on day one of the reversal 

task.  This would be suggestive that although performance was poor on the reversal task, 

they were still capable of remembering the task procedure itself and the two possible 

locations where the platform may be placed.    

 According to Wong & Brown (1996), the size of the reversal effect in the Morris 

water maze might serve as a measure of visual spatial strategy.  A reasoning behind this is 

that, “mice with better visual ability (C57BL/6J and B6.mpc1d) showed a greater reversal 

effect than those with poor visual ability (DBA/2J and D2.mpc1b)—as noted prior, DBA/2J 
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mice have an age related retinal degeneration similar to glaucoma, and D2.mpc1b mice are 

considered to be functionally blind.  Despite the above results for a Morris Water task, they 

actually found that a visual detection task was most efficient for testing blindness.  In this 

task, normal vision would be observed by three (3) to four (4) days in which mice reach the 

set criterion levels.  Functionally blind mice on the other-hand appeared to continually 

remain at 50% correct--even while latency to find the platform decreased.   

It’s believed that when mice have poor visual abilities they may be using a non-

visual/non-spatial strategy to learn these visual tasks.  Although the functionally blind mice 

may perform well while using olfactory senses in an odor preference task, they perform 

worse on visual discrimination tasks.  The idea that they are using a non-spatial strategy is 

captured by observations of swim patterns.  Mice with good vision orient themselves 

towards the S+ while mice with poor vision tend to swim against the walls—or a specific 

distance from it—until they happen to find the platform (a non visual strategy called 

thigmotaxis).  Observations such as these are typically hard to capture using general 

measures of performance.  For this reason, Wong & Brown (1996) suggested the visual 

detection task, total path distance, and measures on the visual reversal task, be used as a 

method of determining visual ability.  Using multiple measures is important because, mice 

with good vision failed to show a reversal effect on the water maze, while mice with poor 

vision failed to develop a correct strategy on the detection task.  Alternatively, it is still 

possible that poor performing mice were showing the effects of aging and faulty learning 

capabilities—rather than visual decline—because they also tend to spend less time in the 

correct quadrant during probe trials.  Measures of duration towards the correct quadrant 
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should have been more significant, considering that once they were close to the correct 

region, they’d be more capable of seeing the visual stimuli. 

3.2  Some Differences Between Species, Strain, and Gender 

Initially, mice were shown to perform worse than rats in water maze tasks.  This 

difference was believed to be due to mice having lower cognitive abilities.  A study by 

Wishaw & Tomie (1996) compared C57BL mice and Long-Evans hooded rats via place 

learning tasks.  They suggested that differences in spatial performance were not due to a 

decline in cognitive abilities, but rather that mice are poorer swimmers than rats.  In dry 

land spatial tasks of a similar nature, mice performed equally well as rats.  In more recent 

years, it has become apparent that a variety of factors influence the performance of 

different strains, and the importance of utilizing multiple measures while assessing 

performance in this task.  The following section is an account of differences between 

species, strains, and gender that have already been shown to affect performance for the 

water maze task.  The factors mentioned below by D’Hooge & Deyn (2001) should be highly 

considered when analyzing behavioral data for this task or selecting an animal to be tested: 

Male animals in general show an advantage during spatial learning.  However, Bucci 

et al showed that at six (6) months of age these differences fail to be present, and occur due 

to maturation rate differences (1995).  Hormonal cycles vary performance, and in female 

rodents this may impose more of an issue than males.  For example, female rats with intact 

gonads were found to perform worse than ovariectomized rats on MWM tasks (Daniel, 

Roberts, Dohanich, 1999).  Furthermore, giving female rats testosterone during the first 

week of birth, later reversed the spatial advantage that male rats had compared to females 
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for this task.  Mice in general have increased levels of floating and thigmotaxis (swimming 

near or following the edges of pool as a strategy) when compared to rats.  High stress or 

anxiety reactivity (as observed in BALB/cByJ mice) has been reported to affect performance 

in a variety of ways (Francis, Zaharia, Shanks, Anisman, 1995).  Important to note, is that 

high levels of stress/anxiety appear to affect mice and rats differently.  Based on a 

comparison of animal models, Crawley (1985) discussed that “punishment paradigms” 

appear to work better for rats, as where mice do better in exploration paradigms.  D’Hooge 

& De Deyn, gave examples of this in active avoidance training where mice “tend to freeze 

and postpone active responding in an aversive environment, rather than search for a 

possible escape route” (2001).  It has been shown that under the influence of additional 

stressors (such as shock prior to the WM probe task—often used as a “punishment”) even 

retention performance is affected in rats.  Similarly, freezing behavior due to stress 

Due to the natural predilection of freezing behavior in mice—while under stress—it 

has been argued that mice may not be well suited to water maze tasks.  In particular, this 

may be true when one considers that the WM task requires escape learning and is aversively 

motivated.  Additionally, it is also possible that the differences in WM performance between 

mice and rats are influenced by this reaction difference to aversive stimuli—as suggested by 

better rat performance under stress.  One method to overcome this issue is to allow mice 

several days of habituation towards the water maze environment and ease them into 

trainings—this way they show little to now freezing behaviors when actual trainings begin.  

In support of the idea that strain and species differences exist, it has been noted that the 

same may be true of specific strains of rats.  For example, Wistar-Kyoto rats show frequent 

floating and poor performance compared to the Sprague-Dawley rats—apparently due to 
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intrinsic levels of stress hyper-reactivity (Grauer, Kapon, 1993).  Another factor influencing 

performance in rodents for these tasks is low visual acuity.  For example, the aging albino 

Fischer 344 rats, or FVB/N mice are prime examples of poor performance due to aging 

(Lindner & Schallert, 1988; Royle, Collins, Rupniak, Barnes, &  Anderson 1999, Brown & 

Wong, 2007).  Beyond vision, additional reasons given why age is negatively related with 

performance in the water maze task are “changes in swimming abilities, locomotion, and 

exploration” (2001).  

 Royle, Collins, Runiak, Barnes, and Anderson (1999) found that C57BL/6J Mice do 

not have retinal degeneration like the FVB/N & C3H mice; however, they do have age-

related deafness (2001).  In a study regarding the, “influence of visual ability on learning and 

memory performance in 13 strains of mice”, visual abilities were tested using several 

behavioral experiments (Brown, Wong, 2007).  Good vision strains were found to be 129 

SI/Sv1mJ, C57BL/6J, and DBA/2J mice.  Albino strains including A/J, BALB/CByJ, BALB/cj, and 

BALB/CJ, in general were found to have poor vision.  An exception to this was the AKR/J 

albino strain that was found to have vision equal to that of normal mice.  Strains that were 

found to be functionally blind and have retinal degeneration were C3H/HeJ, FVB/NJ, 

MOLF/EiJ, and SJL/J.  Other strains tested—whose visual physiology was unknown—included 

CAST/Ei, Sm/J, and SPRET/Ei, and they too appeared to have poor vision.  Lastly, one strain 

of mouse appears to begin with good vision, however, has a condition similar to glaucoma 

and develops an age related blindness.   
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3.3     Neural Substrates of Visual Discrimination Learning 

 Ultimately, the goal of behavioral experiments (in the context of neuroscience 

research) would be to determine the cognitive and neural correlates related to performance 

measures and what is supposed to be learned by subjects.  For this reason, although the 

presented research is a behavioral experiment, the future goal, would be to relate it back to 

brain research—so this too will be discussed.   

 When considering neural correlates, we must determine the complications that are 

involved in studying this matter.  In thinking of the discussion regarding performance and 

learning, there is rarely—if at all—a one-to-one connection that relates a single task to a 

specific type of learning.  Our sensory structures send upstream signals to various brain 

regions while motor functions rely on downstream signaling.  Frequently, these signals will 

have several mediating processes that reconnect on each other.  In this sense, the concept 

of learning becomes blurred since “bottom-up” and “top-down” processes often interact 

with one another (Andersen, Morris, Amaral, Bliss and O’Keefe, 2007).  Which 

process/processes cause the actual learning to occur?  Furthermore, if after administering a 

drug to an animal we observe poor performance, can we fairly say that the drug prevents 

learning?  Perhaps the drug merely prevents the ability to sense the stimuli required to learn 

the task.  Although there are appropriate methods one can use to tease these concepts 

apart, they will not be discussed here.   

 The following section and current research should be considered under the above 

context.  No one brain region, chemical, or genetic process may be responsible solely for 

one type of learning—but rather influential on a number of unique forms of learning.  As 
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research continues to develop models for each system and a better understanding of the 

most basic processes, we may understand the relationship between these systems better. 

 T. Myhrer (2002), gives a good breakdown of some neurotransmitter processes that 

may be related to rodent performance in various tasks.  In the meta-analysis, it is discussed 

that glutamate and GABA have a high relationship with long term potentiation (LTP) of 

neurons and have been linked to associative processes.  NMDA receptors are involved in the 

induction of LTP, however, when NMDA receptors are blocked, NMDA dependent LTP 

doesn’t necessarily prevent the encoding of new information—thus some other processes 

may be involved.  AMPA receptors are necessary for the expression of LTP.  AMPA agonists 

often facilitate learning or the retention of learned material.  It should be noted that LTP is a 

lab phenomenon and is not necessarily the actual means by which learning occurs.  It is an 

often debated topic in neuroscience research, and could be occurring due to the 

circumstances under which this phenomenon is studied in the lab.  That being said, it is 

known that LTP type phenomena and drugs that affect LTP during lab studies, often have a 

significant correlation with behavioral studies in learning.     

 T. Myhrer’s meta-analysis of neurotransmitter systems in the rat suggested that, 

“transmitter systems do not support learning and memory in a task-dependent manner, but 

some systems are more influential than others independent of behavioral tasks” (2002)—

there were multiple memory systems suggested.   

 Some of the findings were as follows: One system appears to support reference and 

working memory as given by the definition Olton (1983) used, and involves the temporal 

region.  Simple motor movements and habitual responses of procedural memory have been 
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related to the striatum and prefrontal cortex.  These stereotyped motor movements may 

initially involve learning generalized behaviors (i.e., in maze type tasks) such as “turn 

left/right” in response to environmental stimuli.  It has been suggested by (Eagle, Humby, 

Dennette, Robins, 1999) that the dorsal striatum influences sensorimotor control and habit 

learning.  The ventral striatum on the other hand appears to be more involved in reward 

behaviors and motivation.  The prefrontal cortex (PFC) plays a role when there’s a high level 

of response conflict.  In these instances, the PFC is thought to interact with the posterior 

association cortex directing attentional resources in one of two possible ways.  (1) It may 

inhibit irrelevant information; or (2) amplify the task relevant signals.  Assuming the theory 

Brigman & Rothblat (2008) gave on PFC and/or the posterior association cortex, visual 

reversal learning should show an ability/inability to inhibit the previously learned response, 

and amplify the relevant attentional set signals (2008).  Recent PFC formulations suggest the 

orbital frontal cortex is involved for both monkey and rats.  Medial PFC (mPFC) damaged 

mice displayed a stimulus specific (patterned only) deficit on the reversal problem (as 

opposed to a luminance problem in the study by Brigman & Rothblat.  On a side note, in 

mice, it is believed that frontal regions (executive control) interact with posterior association 

areas, and the anterior cingulate (a portion of the mPFC) shows extensive connectivity with 

the visual cortex regions (similar to how the primate’s PFC is connected).  In this way, 

perhaps both the areas in mice and primates are relatively similar in function to each other.  

Lastly, the specific types of deficits and studies mentioned illuminate the importance of 

choosing appropriate task variables when demonstrating functional effects.   

 Another structure that is often cited in relation to spatial navigation—as well as 

spatial and non-spatial memory—is the hippocampal structure.  In particular relation to 
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navigation skills, within this region is a high density of neurons called place cells.  These 

types of neurons fire rapidly in relation to particular locations in the environment (each cell 

to unique regions) and may be influenced by the placement, rotation, and removal or 

addition of environmental cues.   

 When looking at neurochemicals that mediate the spatial learning process, the 

following is understood.  The prefrontal cortex of the rat, which involves task procedures 

and working memory, receives cholinergic, glutamatergic, and dopaminergic afferents which 

regulate spatial working memory (Hironaka, 2001; Romanides, 1999).  The striatum, which is 

involved in the process, is primarily influenced by dopamine mediated transmission.  The 

involvement of the striatum is observed in response selection and performance—but it 

should be considered once again that performance in certain tasks may not necessarily be 

related purely to one form of learning (see chapter 2.1 for details).  Additional structures 

such as, the amygdala and those within the monoaminergic projection systems most likely 

support learning via modulatory processes.  This would involve functions such as attention, 

emotions, and motivation---however, motivation may also be implicated with dopaminergic 

processes (Romanides, Duffy, Kalivas, 1999).  

 The key point received regarding neurotransmitter systems is that despite being 

related to localized functions and activation, they are heavily influenced by one another and 

tied to learning several behavioral tasks.  One thing noted in the meta-analysis by T. Myhrer 

(2002) is that, in rat brains certain systems have a significantly larger impact on a particular 

task than others.  For instance, in the Morris water maze it was found that glutamatergic 

agents had the highest impact on performance—either impairing or improving it depending 

on the drug—while systemic injection of cholinergic antagonists that consistently impaired 
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performance.  It is important to note that cholinergic antagonists did not seem to have a 

significant effect when microinfused.  Following these two neurotransmitter systems was 

the inhibitory GABAergic system, which when activated appears to have an adverse impact 

as well.  Norepinephrine and serotonin were much less involved in affecting performance, 

yet dopaminergic activity yielded a strong affect than acetylcholine.  In whole, systems 

related to glutamate, GABA, and dopamine appeared most critical for this task.  Remarkably, 

despite dopaminergic systems being highly involved in the water maze task, it appears to be 

the opposite case for radial maze performance.  Few studies found significant results for 

dopamine’s influence on radial maze performance.  When looked at, the author believes 

this may be due to the food-deprivation schedule involved in for this task—it has been 

shown to raise levels of dopamine release in the nucleus accumbens (Wilson, Nomikos, 

Collu, and Fibiger, 2004). 
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CHAPTER 4 

GENERAL CONSIDERATIONS 

 

4.1     Considerations Prior to Experimentation 

4.1.1  Mouse Selection:   

After reviewing the factors (mentioned in the background section) that influence 

performance for water maze (WM) and visual discrimination (VD) type tasks, our lab 

determined that the melanic C57BL/6 mouse strain would be best.  This particular strain has 

been shown to have superior vision and abilities for the WM task compared to other mice.  

Furthermore, this mouse is not as susceptible to the effects of aging or stress for this task 

(Upchurch & Wehner, 1988; Royle, 1999).  The number of mice used varied depending on 

the study.   

4.1.2  Environmental Variables:  

Previous studies have shown that acquisition of the Morris WM task is slowed down 

by drawing curtains around the pool, or simplifying the external environment (Morris, 

1984).  In the studies discussed earlier, it was shown that having an “enriched” environment 

(additional external cues in the room) might assist mice (but not necessarily rats) in these 

tasks.  On the other hand, Lamberty and Gower (1991) showed that environmental 

simplification may actually improve place learning for aged NMRI mice.  However, when 
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major variables were controlled for and “equated across testing sites”, Crabbe, Wahlsten, 

and Dudek (1999) found that escape latency was the only measurement not influenced by 

environmental variables (this was contradictory to all the other measures.  Due to the 

nature of our task (desiring the mice to only use cue size in order to make a decision) we 

chose to begin our trainings with plain black curtains surrounding the water maze.   

Prior work indicates that rodents use three basic strategies when searching for an 

escape platform in a typical water maze task: (1) A praxis strategy, in which they use a 

sequence of learned movements (i.e.,  “left” than “right” than “left” again, or a specific path 

shape).  (2) A taxis strategy, by which they approach the escape platform using proximal 

cues.  (3) Alternatively they may use a mapping/spatial strategy, which uses distal cues to 

navigate within the local spatial configuration (i.e., place navigation, or see Hamilton et al, 

2007).   

Taking the above strategies into consideration, we initially chose to place mice in 

the pool from several starting points (relative North, South, East, and West).  In combination 

with the closed curtains we hoped this would prevent mice from having an absolute place 

reference or from using a place strategy based on distal cues—during learning.  We 

expected that a taxis strategy would then be able to flourish as mice learned which cue 

property was being rewarded (i.e., the “smaller” cue or the “larger” cue).  We also 

considered the possibility that mice may use multiple strategies but at different points in 

time.  
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4.1.3  Maze Considerations: 

In terms of maze size, water temperature, and opacifiers, traditional standards for 

the water maze task were chosen to be maintained.  The water maze is a circular pool (109 

cm diameter), maintained at ~24 degrees Celsius (~75.2 degrees Fahrenheit), and filled with 

a white opacifier.  Initial studies of the water maze utilized powdered milk in order to hide 

the escape platform (clear circular plexiglass ~8cm in diameter and submerged ~1 cm 

beneath water).  More recent studies have either used non-toxic white paint (such as 

tempera paint) or Lytron 621 which is a highly effective synthetic opacifier.  Although Lytron 

621 is very effective, it is also harder to locate a distributer for and therefore also 

uncommonly used.  White tempera paint was chosen to be used (Non-toxic, “Gothic Powder 

Paint”; Sargent Art, Inc., Hazelton, PA 18201).   

4.1.4  Training Considerations:  

Training varied under each experiment.  For this reason the specific details will be 

given in the method section as each experiment is presented.  Typically, training trials are 

given in pairs of 4 to 8 trials per day (these series of trials in one day are cumulatively 

referred to as a “session”).  Water maze experiments with 4 trials per session require 

between 5 to 8 total sessions (or days) before mice reach asymptotic escape latencies.  

Considerations for how many trials the subjects should run each session involve monitoring 

animal stress or fatigue, experimental demands on the animal, and time-constraints.  A 

relatively difficult task may desire to use fewer trials in order to avoid stressed animals; as 

where too many trials may actually inhibit learning (see previous discussion regarding 

animal performance and stress).  Lastly, time constraints may play a role when determining 
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how many trials to perform.  Considering that learning has been observed to be time 

sensitive (Kirwan, Wixted, Squire, 2008; Bischof, 2007) this too would be an important 

consideration when analyzing results.  In between trials, mice were placed 4 to a cage (3 

during trainings) and Holmes “1 touch” heaters, were placed over cages (~80 degrees) to 

prevent hypothermia.  

 Each mouse received two habituation trials (1/day) in the Morris water maze prior 

to the commencement of spatial training. Each habituation trial comprised placing the 

mouse on the submerged platform in the center of the pool for 60 s. Floor-to-ceiling 

curtains were drawn around the maze to restrict the animals’ view of extra-maze cues. After 

60 s, the mouse was introduced into the pool in close proximity (within 2–3 cm) to the 

platform and allowed to climb onto the platform from four release points in the water. 

4.1.5.  Housing: 

All mice were maintained in clear plexiglass cages (4 mice to a cage) on a 12 h light/dark 

cycle and allowed ad libitum access to rodent chow and tap water.  Cage bedding, food, and 

water, were changed weekly, except when running experiments—in which case this would 

be held off until the earliest day in which trials were not scheduled to be run (typically every 

9-10 days).  This was performed to prevent potentially stressing animals during 

experimentation.   
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4.1.6  Measures:   

All behavior was acquired by videotracking software (EthoVision 3.0, Noldus 

Information Technology, Leesburg, VA) for off-line analyses. Wong  & Brown (2007) found 

that the measures of “total distance traveled” eliminates concerns regarding a particular 

strain having slower motor skills.  This is important to consider sometimes, because 

“velocity” as a measure of performance could confound results when strains are naturally 

faster or slower than the other.  Because this experiment would use only one strain of mice, 

this measure was not often looked at (yet still considered at times and analyzed).  

Additionally, although total distance traveled can often suggest when mice are having 

trouble locating an escape platform, for the particular task we’re performing, measures of 

duration in cue regions and latency times will be better measures.  Instead of using total 

path distance, trial duration will be plotted to assess how effective mice were in locating the 

escape platform—as this measure reaches low asymptotic levels when mice develop an 

effective strategy.   

Seeing that escape latency was the only measure uninfluenced by environmental 

cues (Brown & Wong, 2007; Crabbe, Wahlston, & Dudek, 1999), we decided to utilize 

several measures in order to assess learning for this task.  As mentioned, it was determined 

that asymptotic levels of escape latency could be used to assess whether mice had chosen 

an escape strategy—in one form or another.  Understanding that this does not necessarily 

indicate a correct/incorrect choice or even an efficient strategy, we chose additional 

measures as well that could assess the type of strategy chosen.  It was determined that 

creating a percentage of “correct” initial entries into the trained cue-zone,  duration time 
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spent in the appropriate zone, and distance to the appropriate cues, would be the most 

effective measures of performance.   

For all experiments (with the noted exceptions), the following measures were 

always looked at: duration in platform region (circular area surrounding the escape 

platform, which is approximately 2 times the size of platform), latency time of first entry 

into cue regions, duration in the cue quadrants (not measured in experiments 1 thru 3), 

latency time of first entry into a quadrant (not measured in experiments 1 thru 3), and 

average distance to the platform.  Measures that were found significant or potentially 

significant will be mentioned, while unmentioned measures may be presumed to be found 

insignificant for the experiment. 

In order to get a better picture of the strategies mice were using, a novel data set 

(PERF) was created using paired t-test comparisons of the measures (mentioned above) for 

every trial—compared the two cue region means to each other.  If a mouse both chose 

correctly (towards the relatively large cue) and the trial was significant, it was given a rank 

of “1”.  A “correct” choice depended on the experiment and measures themselves (i.e., if 

the mouse was being trained to relatively larger cues, a correct choice would be to go to the 

larger-cue region first, and remain in that region longer than the smaller-cue region; 

alternatively, if trained to smaller cues, a correct choice would be to attend first to the 

smaller cue region and remain in that region longer than the larger cue region).  If the 

mouse chose incorrectly or the trial was insignificant, it was given a ranking of “0”.   

The normalized dataset allowed relatively quick comparisons to be made between 

trials and gave simple percentages of the significant “correct” or “incorrect” choices.  
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Furthermore, using this procedure eliminated the possibility that insignificant data could 

accidentally be included as a “correct” or “incorrect” choice.  From the new dataset, single 

sample t-tests were then run for each experiment as a whole (all trials), and in groups of 12 

trials.  The data was compared to a test value of “.5” on these t-tests in order to identify the 

significance of a particular percentage (correct or incorrect).  This test value was considered 

essential because the actual chances of  any one (of four quadrants) showing a significance 

was 25%, yet the chances of choosing correctly between the two cue quadrants was as high 

as 50%.  Probe trial data was analyzed separately (and is not included in the previously 

mentioned dataset).  For probe data, various ANOVA and t-tests were run on the original 

data itself, as needed—i.e., all probe tests and any training trial that came into question. 

4.2     The “Quadrant Code System” 

 It became apparent later in the experiments (experiments 7 and 8) that mice may 

be making choices based on stereotyped patterns of behavior (i.e., leftward / rightward 

choices based on previous trial platform locations).  Due to the nature of experiments 1 thru 

8—having multiple release points, and multiple cue locations/pairings—previous methods 

were incapable of assessing these types of choices.  In order to assess if these stereotypical 

choices were being made—relative to each starting point—a novel method was needed.  

 There is a measure that was created in order to quickly categorize trials based on 

the locations of the relatively smaller cue and relatively larger cue (independent of the 

actual discrete sizes used for each).  This measure was called a “quadrant code”, and 

allowed trials that start from several different locations (i.e., south, east, north, and west) to 
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technically be “rotated” and compared based on “relative” quadrants that a mouse chose—

it is easier to explain with pictures and will be detailed as follows.  

 Assuming we have a water maze with “South” as the absolute starting point, we 

could choose to designate a non-Cartesian quadrant system in which the north-west 

quadrant is equal to “1” (Q1); the north-east quadrant equal to “2” (Q2); the south-west 

quadrant equal to “3” (Q3); and the south-east quadrant equal to “4” (Q4)—see Figure 7, 

below. 

 

Figure 7. “Absolute Quadrants” 

  Now, let’s assume we have another water maze trial in which mice start 

from the “East” (E) location.  Using Figure 7, the absolute quadrant positions will remain the 

same for these trials.  If mice were going to an absolute location always—i.e., always 

starting from the south, and being trained to Q1—then no matter where the mice are 

released from, they should go to the Q1 location.   

 However, because mice in the following experiments are beginning from a new 

location trial to trial, it cannot easily be assessed what their actual directional/stereotyped 
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paths are by using a static and fixed quadrant system (as given above).  By this it is meant: 

we cannot easily say if they are making stereotyped “left” or “right” choices towards the 

“furthest” or “nearest” quadrants, in a language of fixed quadrants and several release 

points—i.e., a “far rightward” swim path would be Q2 if released from the south; but if 

released from the east becomes Q1.  Although the directional choice may be the same (“far 

rightward”), the actual quadrants they end up in would not.  

 So, going back to the above examples, assume once again we have trained a mouse 

consistently in the south, and consistently to the Q1 region.  If the mouse was making a 

choice based on absolute “place” reference in the pool, he will go to Q1.  However, let’s 

assume he has learned this task based on a stereotypical pattern, and the rule of “go to the 

furthest left quadrant”.   In the case of being released from the “E” location, the mouse 

would end up in absolute Q3 (see Figure 8). 

 

Figure 8. “Place Preference versus Stereotyped Behavior” 
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 Because an absolute quadrant system cannot quickly assess these kinds of 

stereotyped behaviors (i.e., Q1 does not equal Q3 in this system), a dynamic categorization 

system that could assess those types of choices, was created (“The Quadrant Code System”).  

In this system, you rotate the absolute reference point (in our case, “South”) every time 

your trial starts from a new location.  So now, absolute “East” will be designated as relative 

“South” (see diag#??, below).  Thus, with such a translation: absolute Q1 becomes relative 

Q2; absolute Q2 becomes relative Q4; absolute Q3 becomes relative Q1; and absolute Q4 

becomes relative Q3 (see diag#??, below).  All that has happened is, we have rotated our 

static absolute quadrant system to match the new starting location—thus creating, relative 

quadrant locations that match descriptively in terms of directional/procedural choices.  It is 

important to note that the pool itself has not been rotated—just the starting point and 

naming conventions of each quadrant.  Below, is a diagram (Figure 9) showing all four 

possible quadrant rotations that we had—based on each release location. 
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Figure 9. “A Relative Quadrant System – The Quadrant Code System” 

 

 Now, here is the primary reason a quadrant code system has strong advantages 

during this experiment.  The placement of various objects (cues) or the escape platform can 

now be categorized in absolute terms (showing place preferences) or relative ones (showing 

patterned responses towards a specific cue type).  To best show this, observe Table 1 
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below—once again, remember that South is considered our absolute starting point.  Next, it 

will be described what each column means. 

Starting Point Small Cue 

Absolute Location 

Large Cue 

Absolute Location 

Absolute 

Quadrant Code 

“Smaller. Larger“ 

Relative 

Quadrant Code 

“Smaller. Larger“ 

South (S) NW NE 1.2 1.2 

East (E) NW NE 1.2 2.4 

West (W) NW NE 1.2 3.1 

North (N) NW NE 1.2 4.3 

 Table 1. Comparing Absolute Quadrant Codes to Relative Quadrant Codes. 

 Each of these trials starts from a different location, yet the smaller and larger cues 

remain in the same absolute locations.  When mouse is presented with these trials, the 

visual perspective observed will not be the same.  For example: when starting in the “S” 

position, both cues are at the furthest point; while in the “N” starting point, they are closest; 

in the “E” starting point, the small cue is furthest away; while from the “W” position it 

suddenly is closest.  Using a relative system—in which the first number designates a small 

cue quadrant, and the second digit (post-decimal) a larger cue quadrant, trials can be 

grouped based on a “mouse perspective”/relative locations in which cues appear.  Thus it 

should be noted, a constant relative cue placement (of say Q1) would have a continually 

changing absolute position; while the inverse is true of a cue that continually remains in the 

same absolute quadrant position—it would have a continually changing relative quadrant 

location based on mouse starting point (as seen in Table 1, above; and in Figure 10, below). 
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Figure 10. “Quadrant Codes Designating Small and Large Cue Locations” 

 With this new system in place: if a mouse was continually trained to a cue in the 

relative Q1 position and learned this stereotypical pattern (“go far back, and turn left”),  it 

could now be seen that he always goes to the relative “Q1” position.  On the other hand, if a 

mouse were to only be capable of making a place response (absolute Q1) than the measures 

taken for relative Q1 would never be significant as the mouse only went to absolute Q1 each 

time—and the relative Q1 position, is actually compiled of several different absolute 

quadrant locations over various trials).  Listed in Appendix A are the conversion rules that 

were used to translate an absolute cue position—into a relative one—based on mouse 

starting position.  The relative “quadrant code” was then created by first finding the smaller 

cues relative quadrant number and attaching it to larger cues relative quadrant number—a 

decimal point (“.”) was used to keep the two separate (see table 1, above).  From here on in, 
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whenever a “quadrant code” is mentioned—unless stated otherwise—it is referring to the 

relative quadrant code.  Absolute cue locations will be referred to by either direction (i.e., 

NE, NW, SE, SW) or stated explicitly to be the absolute location.   
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CHAPTER 5 

EXPERIMENT #1 (VD1), “Pilot Study: The largest blues”: 

 

5.1     VD1: Intention, Hypothesis, and Task 

 When searching for articles under the keywords (several combinations) of, “rodents, 

mice, rats, visual discrimination, size, size relationships, vision, visual association areas, 

object recognition, and water maze”, few articles were found that related to visual 

discrimination skills—for the characteristic of “cue size”—in rodents.  At best, an article was 

found by (Minnini & Jeffery, 2006) discussing that rat’s may not accurately be discriminating 

between specific visual characteristics of objects.  Of particular interest, it was brought up 

that the animals may not be utilizing the complete object in order to make a discrimination 

decision, and perhaps were using characteristics such as luminance, size [of lower portion of 

object], or some other characteristic.  Finding only one article on the topic for rodents, it 

was decided that a pilot experiment should be run to determine what the initial responses 

for a task on size discrimination may be.  More specifically, we looked at if mice could be 

trained to attend to relatively larger sized cues—when multiple size pairings were 

presented—and then later transfer that knowledge onto a novel cue that was larger in size 

than the previous pairings.  

 Seeing that there was little research to go on, we tested whether mice could be 

trained to swim directly to, and attend to, only one relative sized object—even if they had 
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never seen that specific object before.  We considered several influences that would have to 

be ruled out in order to show that what is learned, is actually the size relationship—and not 

some other characteristic of the cue or training.  Two major considerations came to mind.  

First, the mouse could not be trained in a particular pattern, for a particular place, or to 

some directional heading in the water maze.  Second, the mouse should not be trained to 

only one pair of objects—as this might train the animal specifically to one object and not the 

actual size relationship that was being investigated.  Third, mice should not be trained to a 

specific color relationship.   

Factor number one seemed simple.  To prevent the mouse from training to 

environmental cues a solid black curtain could be used to eliminate them from view.  On the 

other hand, changing the starting point location (where mice would be released from) and 

place where cues are located, would eliminate concerns regarding training to a place or 

directional heading.  To address concerns number two and three, we decided to have five 

differently sized cues that all look the same and were the same color.  During trainings: the 

cues could be presented in two different size pairings (i.e., an extra small (XS) object with a 

medium (M) sized object, or a small (S) object with a (L) object).  While during the probe 

task: In order to test the relationship, a similar extra large (XL) shaped blue cube (CUBE) that 

is novel could be presented with a smaller yet previously trained cue.  We decided to train 

mice to the large cues initially since it could be assumed that they are most readily visible 

object.  The hypothesis was that mice could learn these size relationships during trainings 

and utilize “the rule of size” in order to make a decision during the probe task—despite 

never before having seen the extra large cue.  This being the case, they would have a 

preference for the extra large cue over a smaller one.   
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5.2     VD1: Object Types 

 Objects for this experiment consisted of blue cubes (CUBE), with relative sizes of 

extra-small (XS), small (S), medium (M), large (L), and extra large (XL).   

5.3     VD1: Results 

 In order to get a better picture of the strategies mice were using, individual paired t-

tests were compiled into a new dataset (PERF) for every trial.  If a mouse both chose 

correctly (towards the relatively large cue) and the trial was significant, it was given a rank 

of “1”.  If the mouse chose incorrectly or the trial was insignificant, it was given a ranking of 

“0”.  Single sample t-tests were then run for the experiment as a whole on this new dataset, 

and the data were compared to a test value of “.5”.  This test value was considered essential 

because the actual chances of  any one (of four quadrants) showing a significance was 25%, 

yet the chances of choosing correctly between the two cue quadrants was as high as 50%.   

 Using the PERF dataset, a single sample t-test—with trials as a between factor (trials 

1 thru 20)—confirmed a general effect for trainings and preference towards particular 

regions.  When analyzed, approximately  70 to 75 percent of trials showed a significant 

effect (t=.1902, p=.072, d.f.=19, whole experiment; and t=1.915, p=.082, d.f.=11 in trials 9 

thru 20) for duration in the correct cue zone (relatively large cue).  The first twelve trials did 

not show a significant effect for duration.  In regards to mice entering a particular cue region 

first, only 41 to 50 percent of trials had a significant effect for latency time into a particular 

cue region (these measures as a whole—and in groups of 12 trials—were found to be 

insignificant).  Measures showing preferences for the incorrect cue zone (smaller cue) found 

zero significant trials for duration, and between 33 to 66 percent of trials that were 
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significant for latency time (these too were found to be insignificant).  These measures 

suggested that mice spent the majority of time in the larger correct cue region.  All graphs—

for each of the eight experiments—which exemplify the differences in latency times 

between cue sizes and trials will be found in Appendix C.  Unless stated otherwise, it can be 

assumed from this point on that any given visual depictions for results will also be located in 

this section (Appendix C). 

For probe data, paired t-tests showed that mice spent a much higher and significant 

(t=-.9933, p=.002, d.f.=14) amount of time in the correct cue region (larger cue) as opposed 

to the incorrect cue region.  As supported by the training trials however, they still entered 

the incorrect (smaller cue) region first (t=-3.09533, p=.001, d.f.=14).  Average distance that 

mice spent between the two platform regions did not show a significant difference (t=1.523, 

p=.716, d.f.=15).   

5.4     VD1: Brief Summary 

 When percentages of significant and correct/incorrect choices were analyzed, it was 

found that ~75 percent of trials were significant for duration in the correct region.  This 

suggested that mice spend more time in the correct larger cue region.  Latency measures 

appeared to be developing a preference as time went on (incorrect entries increased from 

33 percent up to 66)—however, this measure was found to be insignificant at the current 

state.  Probe trials found significance with mice spending more time in the correct larger cue 

region, and a significant preference of entering the incorrect (smaller cue) region first.  

Average distance to cue locations did not show a significant difference between the two 

regions.   
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CHAPTER 6 

EXPERIMENTS #2 and #3 

 

6.1     EXPERIMENT #2 (VD2): “Newer Cues… No Longer Blues”  

6.1.1     VD2: Intention & Hypothesis 

Having observed that mice seemed capable of attending to relatively large objects 

after being trained, we decided to repeat the experiment with two different sets of objects.  

We were curious if mice could learn the size discrimination when two similar yet different 

colored cues were being trained.  At this point we chose two sets of Russian “Matryoshka” 

nesting dolls (a set of red devils (DEVIL) and a set of black penguins (PENG)).  These sets had 

the same rounded shape as one another, were equal in sizes to each other, and were used 

in lieu of the previous blue cubes (CUBE).  Outside of strengthening the argument for size, 

obtaining a larger sample size, and allowing future experiments to use multiple shaped and 

sized cues—possibly simultaneously—the experiment would also attest that the CUBE 

object itself was not influencing the performance.   

The hypothesis was that we should see similar results to experiment #1.  Despite 

training the mice to a new cue shape and to two different sets of cues, it was still believed 

that they should be capable of extrapolating this size information regardless.  This idea 

seemed salient because of previous theories suggesting that rodents are capable of seeing 
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“objects” similar to humans.  In regards to the coloring of cues, no preference should be 

found.   

6.1.2     VD2: Task 

 As mentioned above, mice would be tested on their ability to use previous trainings 

for relatively large sized cues, and extrapolate the size information such that they choose a 

novel extra large (XL) sized cue during the probe trial.  New mice which had never before 

been trained to a behavioral task were used for this experiment.  In this particular study, 

trainings consisted of two different sets of cues (DEVIL & PENG).  Sizes paired for a particular 

training consisted of either an “XS” cue with a “M” one, or a “S” cue with a “L” one.  Similar 

to experiment #1 (VD1), two different sized objects (of one type) were presented 

simultaneously (paired) and placed in any of four quadrant locations (relative north-west 

(NW), north-east (NE), south-west (SW), or south-east (SE).  Starting and/or release points 

also remained the same for this experiment (north (N), south (S), east (E), and west (W)).  

For any given training session (equal to four trials), only one particular set was used (either 

DEVIL or PENG), and at no point (other than during the probe trial) was one object from 

each set (i.e., a DEVIL and a PENG object) presented simultaneously.  All mice were trained 

for eighteen (18) trials and then presented with a probe task on the nineteenth (19) trial.  

The probe task consisted of a novel XL sized PENG object paired with a previously seen S 

sized DEVIL object.   

6.1.3     VD2: Object Types 

 As mentioned, two sets of objects were used (DEVIL & PENG), each set containing 

five different sizes (XS, S, M, L, and XL), with the only difference between equal sized sets 
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being the paintings on the doll.  One set (DEVIL) was painted like a devil with predominantly 

(~80%) bright red coloring and a smaller section of black (~20%), while the second set 

(PENG) was painted like a penguin with predominantly black coloring (~80%) and a smaller 

section of white (~20%).  The shape of the dolls visually appeared identical in that they were 

smooth, rounded, and equivalent sizes between the two sets did not differ.  Only one set of 

cues were used for a given training day.  The only time in which mice were presented with 

one cue from each of the two sets (simultaneously) was during the probe task (a “S” PENG 

with an “XL” DEVIL). 

6.1.4     VD2: Results 

Similar to VD1, a dataset (PERF) was created in which significant and 

correct/incorrect trials were given a score of “1” and insignificant trials a “0”.  Using a single 

sample t-tests on performance measures (for all 18 trials), the general effect mentioned in 

VD1 was once again confirmed.  Approximately 72 to 75 percent of trials showed a 

significant effect for duration measures.  Analysis of these trials showed near significance as 

a whole and in groups of twelve (t=.2.046, p=.0057, d.f.=17, whole experiment; t=1.915, 

p=.082, d.f.=11 in trials 1 thru 12, t=1.915, p=.082, d.f.=11 in trials 7 thru 18) for these 

duration measures.  Mice predominantly chose to remain in the correct cue region 

(relatively large cue).  This time however, 83 (trials 1 thru 12) to 100 percent (trials 7 thru 

18) showed a significant effect for latency in the incorrect cue zone (smaller cue)—an 

increase from VD1.  These measures as a whole—and in groups of 12 trials—were found to 

be significant (t=5.102, p=.001, d.f.=17, in whole; t=.333, p=.013, d.f.=11, trials 1 thru 12).   
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Overall, the measures suggest that mice spent a majority of their time in the large 

cue zone, yet developed a trend of entering the smaller cue zone first.  Furthermore, the 

measure for latency to incorrect zone showed a high significance level, while duration of 

time spent in the correct zone showed a weaker yet significant relationship.   

For the probe data, mice showed a preference on average to remain near the larger 

cue (correct region) and this was highly significant (t=-5.308, p=.001, d.f.=15).  Furthermore, 

they also went first towards the incorrect cue region (smaller cue) based on the significance 

level of t=-4.737, p=.001, d.f.=15.  The difference between average distance to point was 

found to be significant as well (t=3.892, p=.001, d.f.=15) and showed mice on average were 

~15 centimeters closer to the larger cue region—which is considered a correct choice.   

6.1.5     VD2: Brief Summary 

The training trial measures suggested that mice spent a majority of their time in the 

large cue zone (~75 percent of trials found significant), yet developed a trend of entering the 

smaller incorrect cue zone first (between 83 and 100 percent of trials found significant).  In 

general, when compared to latency times, duration spent in the correct zone showed a 

weaker yet still significant relationship.  Probe data showed that results were similar to the 

training trials for all measures. 
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6.2  EXPERIMENT #3 (VD3): “Of Devils and Penguins 1” 

6.2.1     VD3: Intention & Hypothesis 

 This experiment is grouped under the same chapter as experiment 2 (VD2) because 

we used the same mice from that study, which had already been trained to larger sized 

cues.  In experiment #3 (VD3) we began retraining the VD2 mice after they had a two week 

break from that experiment.  Because the mice had already been exposed to this task, it was 

realized that they would require significantly less trainings (ten trials).  Previous water maze 

tasks suggest normal mice recall learned tasks relatively quick once they are again exposed 

to the same task—see background studies.  This task would consider the idea that mice may 

retrain quicker, and furthermore we wanted to look at how cue color may affect 

performance.  This aspect of testing was of interest due to the suggestion that mice may not 

be capable of seeing red colors as well as they do black.  Furthermore, it was considered 

that black objects may contrast more with the white walls of the water maze than the red 

ones do.  For this retraining period, we looked at what would happen if the probe was a “S” 

DEVIL with an “XL PENG”—note that the colors of probe cues have swapped between this 

experiment and VD2. 

6.2.2     VD3: Task 

  In this task we trained mice similar to the sessions from VD2 and swapped the 

colors of cues (not the size pairings) during the probe task.  This means that the previously 

black PENG object (which was “S” in size for VD2) was now the “XL” object in VD3; while the 

red DEVIL object went from “XL” in VD2 to “S” in VD3.  The probe sizes, pairings, starting 

points (N, S, E, and W) and cue locations (NW, NE, SW, and SE) during training trials were 
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presented in a similar fashion to VD2.  Furthermore, we assured that mice were trained to 

PENG type objects immediately prior to the probe in VD3—this was the same object shown 

immediately before the probe was presented during VD2.  Furthermore, we controlled for 

place preference by keeping the “S” and “XL” cues in the same locations during the probe 

(as they were in VD2).  All mice were trained for ten (10) trials and given one (1) probe task.  

Under the assumption that they were oriented more for place, they would attend to the 

same location that they previously did.  

6.2.3     VD3: Object Types 

 Objects used were the same shape (Maryshka stacking dolls), sizes (XS, S, M, L, and 

XL), and colors (red DEVIL and black PENG) used in VD2. 

6.2.4     VD3: Results 

Single sample t-tests were once again run on the PERF dataset for this experiment.  

For the experiment in whole (trials 1 thru 18), an average of 80 percent of trials showed a 

near significant effect using a single-sample t-test (t=2.25, p=.051, d.f.=9) for duration in the 

correct cue zone (relatively large cue).  Once again ~90 percent of trials showed a significant 

effect for latency in the incorrect cue zone (smaller cue).  These latency measures were 

found to be significant (t=4, p=.003, d.f.=9).  This confirmed once again that mice were 

spending a majority of their time in the larger cue zone, yet entered the smaller cue zone 

first.  Also, the measure for latency to incorrect zone showed a high significance level, while 

duration of time spent in the incorrect zone showed a mildly weaker relationship that was 

very near to significance. 
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Probe data showed the same trends as previous experiments.  Mice spent the 

majority of time in the correct larger cue region (t=-4.044, p=.001, d.f.=15), and on average 

entered the incorrect smaller cue region first (t=-5.217, p=.001, d.f.=15).  Furthermore, mice 

were closer to the correct larger cue region on average (near significance, t=2.106, p=.052, 

d.f.=15).  It should be reminded that in both VD2 and this current experiment, the smaller 

cue was the red DEVIL object, while the larger one was a black PENG object.  The next 

experiment will assess the potential significance of an interaction between cue color/type of 

cue. 

6.2.5     VD3: Brief Summary 

Post-hoc single sample t-tests were once again run on every training trial (18 trials).  

Mice were found to be spending a majority of their time in the larger cue zone (~80 percent 

of trials found significant), yet entered the smaller cue zone first (~90 percent of trials 

significant).  Measures for latency time to the incorrect zone showed a high significance 

level, while duration of time spent in the incorrect zone showed a mildly weaker 

relationship that was near significant.  This means that mice spent more time in the correct 

zone and at a frequency much higher than chance; yet entered the incorrect zone first, with 

a frequency that was near significant or above chance levels.  Probe trials using an XS red 

DEVIL object (with an XL black PENG object) showed similar results to the training trials, and 

were significant for effect.  Mice followed the same pattern that had developed over time, 

and remained closer on average to the correct larger cue region. 
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CHAPTER 7 

EXPERIMENT #4 (VD4): “Of Devils and Penguins 2” 

 

7.1     VD4: Intention & Hypothesis 

  Having looked at how mice would respond to the XL black PENG & XL red DEVIL 

object in experiments two and three (VD2 & VD3) when the preceding training trials were 

for a PENG object, it was of interest to see how new mice might respond under the same 

type of probe setup but with pre-probe training trials altered.  This time, we swapped the 

colors of the preceding training trials, rather than the probe itself.  Now, mice were 

presented and trained with red DEVIL objects on the single trial just prior to a probe trial 

(which varied depending on the condition a mouse was placed in—see the “Task” section 

for details).  We added additional training trials in order to see if better performance levels 

could be obtained.  Also, during these extra trials, we began to swap cue types (PENG & 

DEVIL) and size every trial (pseudo-randomly) rather than every session (4 trials)—however, 

a black cue and a red cue were never presented simultaneously on a single training trial.  

Similar to the previous experiments, it was hypothesized that during probes mice would 

mostly orient towards the larger sized cue—as opposed to the smaller probe which matched 

the previous training trials color (red DEVIL).  Once again, color was not expected to be the 

primary characteristic influencing performance measures.  Lastly, in a pilot portion of the 

experiment (performed after all tests were done) we exposed a group of mice to the blue 
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CUBE objects from VD1—which they had never been exposed to before—in order to see 

whether mice could extrapolate the size information learned about PENG and DEVIL objects 

and correctly choose the largest cue.  In the case of the pilot probe, a relative “XL” CUBE 

would be the correct choice.  

7.2 VD4: Task 

 As in the previous experiment (VD3), mice were trained and tested for relatively 

large objects.  New mice which had never before been trained to a behavioral task were 

used for this experiment.  As in VD2 and VD3, trainings consisted of two different sets of 

cues (DEVIL & PENG).  Sizes paired for a particular training consisted of either an “XS” cue 

with a “M” one (XS/M), or a “S” cue with a “L” one (S/L).  Similar to previous experiments, 

two different sized objects (of one type) were presented simultaneously (paired) and placed 

in any of four quadrant locations (relative north-west (NW), north-east (NE), south-west 

(SW), or south-est (SE)).  Mouse release points in the water maze remained the same 

(relative north (N), east (E), south (S), and west (W)).  

 Only one given set was used (either DEVIL or PENG) for a particular trial—unlike VD2 

and VD3 which changed sets every session.  Consistent with the previous experiments, no 

one trial ever showed both forms of cues simultaneously (i.e., a PENG and a DEVIL trained 

together in one trial).  However, on individual sessions, it was now possible to train to both 

types of cues—we weaned mice into this gradually as the sessions progressed.  During the 

probe trials, mice were split into two groups and each group tested in two different probes.  

This setup occurred due to an experimental error on probe day, in which a set of mice were 

exposed to the incorrect probe setup—at that point we decided to reorganize the originally 
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intended probes.  Condition “PRE” received the originally planned probe, while condition 

“PROBE” mice received two probes (see below for details): 

Group one (called “POST”) were exposed to probe type “A” on day one, and then 

exposed to probe type “B” (the originally planned probe) on day two.  The second group 

of mice (called “PRE”), were exposed to probe “B” on day one (as planned), and then 

immediately exposed to a pilot test probe afterwards.  Mice in group PRE did not get a 

second day of probe testing.   

 Training conditions for all mice consisted of the following: All mice were trained for 

a total of twenty-two (22) trials.  In sessions 1 thru 4 (trial 1 to 16), mice were trained to 

only one type of cue per day (in order: DEVIL, PENG, DEVIL, then PENG again).  During 

session 16 thru 20, there was a pseudo-random alternation between DEVIL and PENG 

objects for each trial (in order: DEVIL, PENG, PENG, and DEVIL).  While on the probe day 

sessions, mice were first exposed to two training trials with the DEVIL object and then 

exposed to the appropriate probe—based on the condition they were in (POST or 

PRE)—see below. Probe session training trials for the POST group occurred during trials 

21, 22, 24, and 25—as trials 23 & 26 were probes “A” and “B” respectively.  While probe 

session training trials for the PRE group occurred on trials 21 and 22 only—trials 23 & 24 

were probe types “B” and the “pilot probe” respectively.   

 Probe conditions for the POST group consisted of the following:  On day one (probe 

type “A”, trial 23); they were exposed to a “M” red DEVIL paired with an “XL” red DEVIL.  

While on day two (probe type “B”, trial 26), they were exposed to a “M” red DEVIL 

paired with an “XL” black PENG.  Beyond the cue pairings, day two followed the exact 
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same setup as session one, with the exception of cue placement and starting points 

which were rotated—to avoid place preferences based on the previous exposure of this 

setup.  The point of this POST condition was to verify that mice were attending to the 

relevant stimulus features (ie., size rather than color). 

 Probe conditions for the PRE group: followed the same exact cue placement and 

starting points as day one of the POST group, but exposed them to the cue pairings given 

on day two—of the POST GROUP.  Therefore, the initial probe on day one of this group 

was a “M” red DEVIL paired with an “XL” black PENG.  After all mice had been exposed 

to the initial probe, we ran a separate pilot probe on this group—that same day.  The 

pilot probe consisted of exposing these mice to the novel blue CUBE objects (S/L pairing) 

from VD1—as they had never before seen these objects during trainings. 

7.3 VD4: Object Types 

 Objects used for trainings were the same shape (Maryshka stacking dolls), sizes (XS, 

S, M, L, and XL), and colors (red DEVIL and black PENG) used in VD2 & VD3.  Both POST and 

PRE groups used the Maryshka objects during probe types “A” and “B”.  While only the PRE 

group was exposed to novel blue CUBE objects (sizes L & S) during their pilot probe—post 

experiment.  

7.4     VD4: Results 

Single sample sample t-tests were once again run on training trial performance 

measures using a PERF dataset.  An average of 76 (whole experiment, trials 1 thru 20) to 80 

percent (trials 6 thru 20) of trials showed a significant effect for duration in the correct 

relatively large cue zone (t=2.75, p=.012, d.f.=19, whole experiment; insignificant in trials 1 
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thru 12; and t=2.966, p=.013, d.f.=11 in trials 9 thru 20).  For incorrect region measures:  76 

percent (all trials) to 80 percent of trials (in trials 9 thru 20) showed a significant effect for 

latency in the incorrect cue zone (smaller cue).  Trials 1 thru 12 were insignificant (though 69 

percent of trials showed a preference for the correct region).  Significance levels were: 

t=2.75, p=.012, d.f.=19, in whole; t=1.173, p=.266, d.f.=11, trials 1 thru 12; t=2.966, p=.013, 

d.f.=11, trials 9 thru 20).  Lastly, measures for trials 9 thru 20 showed that ~80 percent of 

trials were significant for latency towards the incorrect cue quadrant (t=2.966, p=.013, 

d.f=11) and the experiment as a whole (~81 percent; t=3.525, p=.002, d.f.=19).  These 

measures showed a stronger preference for duration time in the correct region than 

previous experiments, and confirmed once again the preference of entering the smaller cue 

zone first (incorrect zone) based on latency times into cue region.  

In a one-way ANOVA of probes, with the between factor of “Probe types” (A, B1, 

and B2), the following within group means were found to be insignificant: total distance 

moved, velocity, latency towards the larger cue region, duration in the larger cue zone, and 

average distance to the larger cue.  On the other hand, heading direction (F=93.441, p=.001, 

d.f.=2, 21), duration and latency entry time for both the incorrect small cue region and 

quadrant, duration for the correct large cue region, and distance from the small cue were all 

found to be significant (to be given in detail below). 

When comparing post-hoc individual paired t-tests, probe type “A” (all black PENG 

cues) differed from both “B” probes (red M DEVIL with the black XL PENG) in that latency 

time towards the incorrect small cue region and quadrant was insignificant for probe A only.  

For probe A, mice spent most of their time in the correct larger region (t=-4.462, p=.004, 

d.f.=6), and quadrant (t=-3.44, p=.014, d.f.=6).  Probe results for B1 and B2 differed from 
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each other in that duration for the small cue quadrant and distance to the cues was 

insignificant only for B2.  Group B1 showed the strongest results in that all paired tests 

showed significance: duration spent mostly to the correct region and quadrant (t=-12.490 & 

-15.579, p=.001 & .001, d.f.=8 for both respectively), latency time being shortest to the 

incorrect small cue region and quadrant (t=-6.117 & -2.914, p=.001 & .019, d.f.=8, 

respectively), and distance being closest to the correct large quadrant on average (t=4.309, 

p=.003, d.f.=8).  

Separate one way ANOVA’s were performed to look at possible effects of cue color 

on the measures (large cue colors being the between measure).  Results from experiment 

three were compared to results in this experiment (same probe type setup, colors altered).  

It was found that the duration and latency times spent in both cue quadrants and regions 

were significantly different between VD3 and group B1 of this experiment; while for group A 

they differed only in latency times for the larger cue region (F=12.142, p=.002, d.f.=1,21), 

time spent in the larger cue quadrant (F=306.419, p=.001, d.f.=1, 21), and latency to the 

small quadrant (F=15.599, p=.001, d.f.=1,21).  

Although the mean differences for color were significant between groups, when 

looking at the means it was still found that the relationship directions for all measures 

remained the same as before (i.e., mice still remained mostly in the correct region, and 

entered first into the incorrect region).  The only difference in results was that when a red M 

DEVIL cue was paired with a black XL PENG cue there were slightly larger means than if a 

black M PENG was paired with a red XL DEVIL (i.e., large cue duration = 1.116 versus 2.1429 

respectively).  With this in mind, future experiments would be devoted to using only black 

cues for the probe trials.  
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The last probe (pilot probe presenting novel blue CUBE objects to mice group PRE), 

found significance for all measures except latency differences between the small and larger 

cue quadrants.  The trend remained the same as other probes: preference to remain in the 

correct larger region (t=-5.674, p=.001, d.f.= 8) quadrant (p=.016), choosing first to enter 

into incorrect smaller cue region (t=-5.177, p=.001, d.f.=8), and remaining on average closer 

to the larger (correct) cue.  These pilot measures suggested that mice were using the same 

strategy they had for prior probes and previous experiments, when presented with novel 

colored/shaped objects and trained towards several relatively larger cue size/shape pairings.  

Furthermore, it suggests the transference of information from previous training 

trials/probes onto the novel object pairs.  

7.5     VD4: Brief Summary 

Measures for the whole experiment showed a stronger preference for duration time 

in the correct region than previous experiments (~80 percent of trials), and confirmed once 

again the preference of entering the smaller cue zone first (incorrect zone) based on latency 

times into cue region (also ~80 percent of trials).  Preferences for initial entry into the 

incorrect zone built up quicker (post trial 12) than duration to the correct region—but both 

maintained throughout the experiment.   

There were two different probe types (A and B). On day one, one group received 

probe A, and the second group received probe B (B1) .  On day 2, the group that first 

received A, now received probe B (B2); while the other group went on to a pilot test using 

novel blue cubes (CUBE object).  Probe A was found to be significant for duration to the 

correct larger cue region (p=.004) and correct cue quadrant (p=.014); while insignificant for 
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measures of latency times between the two cue regions.  Probe B1, was found to be 

significant for all measures.  Mice first entered into the incorrect zone, remained mostly in 

the correct cue region or quadrant, and were closer on average to the correct cue.  B2 

differed from B1 only in the sense that average distance between the two cues was 

insignificant.  Therefore, the data suggests that mice readily acquired a preference for 

platform search in the pool area cued by the larger of two objects. 

The effect of cue coloring (red DEVIL versus black PENG) was then tested—by 

comparing data from VD3.  It was observed that probe “A” differed significantly for 

measures of latency only.  Though it is reminded that probe A, failed to show significance 

independently for latency times—thus this probably means very little.  On the other hand, 

probe B1 which independently was significant for all measures, differed from VD3 on both 

duration and latency for the cue quadrants and cue regions.  When the pattern of choices 

was compared (between VD3 and B1) it was seen that they were very similar (remain mostly 

in the correct region/quad, enter first into the incorrect region, and remain closer to the 

correct cue.  The only difference was that the XL black PENG cue had higher mean scores 

than the XL red DEVIL object (i.e., 2.1429 versus 1.116, respectively).  On the probe where 

mice from B1 were presented with a novel CUBE object, the same pattern was also found.  

Furthermore, these measures were all significant, with the exception of latency time 

preferences towards a particular cue.  Thus, it appears mice may be capable of extrapolating 

the same information (cue size) from novel cues and using a similar strategy.  
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CHAPTER 8 

EXPERIMENT #5 (VD5): “The Smallest Experiment… but not really” 

 

8.1     VD5: Intention & Hypothesis 

Because it was shown that mice could orient more towards the relatively larger 

sized cues and that colors were not affecting the performance, it seemed time to show that 

they could do the same for relatively smaller sized objects.  Despite that an extra large (XL) 

red DEVIL did not majorly affect performance direction on measures during the probe of 

VD2 and VD3 (compared to VD4), we were concerned that the red coloring may propose a 

problem when used to test an extra small (XS) red DEVIL.  Previous studies have suggested 

that  mice may have trouble seeing red coloring (Smallwood, Olveczky, Williams, Jacobs, 

Reese, Meister, and Nathans, 2003) and perhaps with such a small sized cue, it could 

propose a problem.  To avoid potentially confounding the probe results, future studies used 

only black cues for the rest of the “XS” probe tests.  Furthermore, it was recognized that 

utilizing only latency times to a zone (which gives performance measures for first entry into 

a zone) and total trial duration (which gives how quickly they find the platform) were limited 

in scope.  These measures alone, may not be giving the best performance measures. 

So for future studies it was determined that platforms should be removed from the 

probe task, and quadrant and platform region preferences should be observed.  These 

measures would be assessed similar to the Morris Water Maze (MWM) in which the 
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platform is removed during probe trials, and duration time in individual zones analyzed for a 

specific time window.  Probe trial duration times for individual zones can be compared 

statistically, as where previous studies did not permit detailed study of this—since once a 

mouse found the platform, the trial was considered complete.  Furthermore, initial entries 

into the different cue regions could still be assessed in order to determine which cues the 

mice chose to go to first (or windows of time observed for any shifts in strategy—ie., see 

Appendix C for chart).  Similar to standard studies in the MWM, it was decided that giving 

mice 60 seconds of swim time during probe trials would be appropriate.   

We continued to hypothesize that mice were capable of associating particular 

relative sizes with an escape platform.  However, it was also now believed that although 

mice may initially choose a particular sized probe, the duration time spent in a cue zone may 

be quite different from their initial choice (i.e., they may choose the small cue first, but then 

spend more time in a large cue zone).  This forethought was based on previous studies in 

which we observed specific swim patterns.  These observations found that although mice 

may initially enter the correct region, they often did not go directly to the platform (and 

instead swam into the incorrect cue region thereafter), remained in the incorrect region a 

while, and then swam back to the actual platform.    

 

8.2    VD5: Task 

As mentioned above, mice were tested on their ability to use previous trainings for 

relatively small sized cues, and extrapolate the size information such that they choose the 

extra small (XS) sized cue during probe trials.  New mice which had never before been 

trained to a behavioral task were used for this experiment.  Trainings once again consisted 
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of two different sets of cues (DEVIL & PENG).  This time, several different sizes were paired 

during trainings.  These pairings consisted of small & large (S/L), medium and extra-large 

(M/XL), and even two trials in which they were exposed to the extra-small cue paired with a 

medium one (XS/M)—one at the beginning and one close to the end of the experiment.  

Because the probe was looking more at preferences for a quadrant once the platform is 

removed, it was thought that mice would have an easier time for this task if they had twice 

been exposed to it.  This would be suggested to them by the fact it previously had contained 

a platform under it.     

Unlike the previous experiments, mice were now trained to the relatively smallest 

cues—relative to what other sized object they were paired with.  This experiment started 

with new mice that had never before been trained in other experiments.  Objects were once 

again pseudo-randomly placed in any of four quadrant locations (relative north-west (NW), 

north-east (NE), south-west (SW), or south-east (SE)) and mice released from any of four 

pseudo-random starting points (relative north (N), east (E), south (S), and (W)). 

 Similar to experiment 4 (VD4), only one given set was used (either DEVIL or PENG) 

initially for a particular session—on the first four sessions (respectively: DEVIL, PENG, DEVIL, 

then PENG).  Thereafter, cue presentations were switched to a pseudorandom pattern for 

each training trial—as opposed to a full session (4 trials).  In following with the previous 

experiments, it was maintained that in no one training trial did both forms of cues show up 

together (i.e., a PENG and a DEVIL trained together in one trial).  Because this was a 

relatively new experiment (training to the relatively small cues instead of large) only one 

probe was used—after two trainings that session.  These two training sessions before the 

probe consisted of: (1) a “S” and “L” red DEVIL pairing; and (2) a “M” and “XL” DEVIL pairing.  
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This was in accordance with the previous experiments that trained and probed for the 

relatively large cues.  The probe trial cues consisted of an “XS” black PENG paired with a “M” 

red DEVIL.  Lastly, a pilot probe (similar to VD4) was given to half of the mice, using the blue 

CUBE objects—a “M” and “XL” size pairing—just after the initial probe.  

8.3     VD5: Object Types 

 Objects used for trainings were the same shape (Maryshka stacking dolls), sizes (XS, 

S, M, L, and XL), and colors (red DEVIL and black PENG) used in VD2 & VD3.  After the initial 

probe, half of the mice were also exposed to two blue CUBE objects (a “M/XL” pairing as a 

pilot probe).  

8.4     VD5: Results 

Once again, cases were ranked based on significance and whether the measure 

indicated a correct or incorrect choice (PERF dataset).  Post-hoc single sample t-tests were 

run similar to previous experiments.  On average (both for the whole experiment—trials 1 

thru 30—and in groups of 12) the trials did not show significance for duration time in the 

correct zone (smaller cue) this experiment.  A trend did appear to develop however, leading 

towards significant levels as the experiment went on (25 percent of trials in trials 1 thru 12; 

and ending with 58 percent of trials in trials 19 thru 30).  Latency time to entry in the 

incorrect zone (this time larger cues), was however significant.  On average, 83 percent of 

trials in whole to 91 percent (trials 19 thru 30) of trials showed a significant effect for 

latency in the incorrect cue zone (t=4.817, p=.001, d.f.=29, whole experiment; insignificant, 

trials 1 thru 12; t=5, p=.001, d.f.=11, trials 13 thru 24; and t=5, p=.001, d.f.=11, trials 19 thru 

30).  The measures suggested that mice went first to the incorrect zone (larger cue), yet may 
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have been developing a trend of spending more time in the smaller cue zone—based on the 

growing significance of duration for this region over time.     

In the probe trial paired t-tests, all mean differences measured showed a significant 

effect with the exception of mean latency between the cue regions (t=1.776, p=.096, 

d.f.=15), in which the mean difference suggests a slightly higher preference of entering the 

large cue region first.  Opposite of this measure, latency times to cue quadrant regions 

suggest that mice entered the smaller cue quadrant first (a correct choice); and this 

measure was significant (t=-9.946, p=.001, d.f.=15).  Both duration times for the cue region 

and quadrant suggest mice spent more time in the incorrect larger cue zones (t=-3.998 and -

9.946, p=.001 and .001, d.f.=15; respectively).  Mean distance to cues suggest mice were 

closer to the large cue region (an incorrect choice) most of the time (t=3.942, p=.001, 

d.f.=15). 

8.5     VD5: Brief Summary 

Although levels for duration during training trials were mostly insignificant, it 

appeared that a trend was developing leading towards significance for duration in the 

correct region (smaller cue)—ending with 58 percent of trials correct for duration in trials 19 

thru 30.  Latency time to entry in the incorrect zone (this time larger cues) was a significant 

measure.  On average, 83 percent of trials in whole trials 1 thru 30 showed a significant 

effect for latency in the incorrect cue zone p=.001.  Trials 1 thru 12, failed to show a 

significance for this measure, as would be expected while initially training.  In whole, results 

suggested that mice went first to the incorrect zone (larger cue), yet may be developing a 

trend of spending more time in the smaller cue zone as training trials progress.  In contrast 
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to latency time for cue regions: latency times to the cue quadrant regions suggest mice 

entered the correct smaller cue quadrant first (a correct choice), and this measure was 

significant (p=.001).  Both duration times for the cue region and quadrant suggest mice 

spent more time in the incorrect larger cue zones ( p=.001 and .001, respectively).  Mean 

distance to cues suggest mice were closer to the large cue region on average (an incorrect 

choice). 
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CHAPTER 9 

EXPERIMENT #6 (VD6): “Mighty Meese (AKA: When will they ever give up!?!?!)” 

 

9.1     VD6: Intention & Hypothesis 

 Because the mice never appeared to learn that the relatively small cues were the 

only escape path (containing the platform under them), we decided to train further.  It was 

thought that because smaller cues are not as instantly visible as large ones, perhaps this task 

is harder to acquire.  This would be supported by results showing it took several days longer 

for latency times to the platform to become asymptotic in experiment 5 (VD5).  

Furthermore, we were concerned that perhaps the “M” sized cue was creating ambiguity for 

mice in this task.  A medium (M) sized object can be trained as either a relatively small 

object or a relatively large one.  For example, when paired with the “XL” cue the“M” cue is a 

relatively small object; yet when paired with the “XS” cue, it suddenly becomes a relatively 

large one.  Although the platform is never placed under the relatively large object during 

this experiment, the object itself might never-the-less be quite ambiguous to mice—in 

particular when learning to go to the smallest cues.  A split condition probe was created to 

test this idea further.   

 Beyond the above mentioned probes, three additional tests were performed: 1) we 

tested if there was ambiguity between two closely related sizes “L” and “XL” PENG objects; 
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2) extended on the pilot trial from VD5 by probing with blue CUBE objects; and (3) looked at 

what happens when the two most extreme sizes are placed together (“XS/XL” pairing).  

 It was hypothesized that given additional trainings mice would be capable of 

performing this task successfully.  Additionally, when the “M” cue was paired with an “XL” 

object it was believed that the task would be easier, than an “XS/M” pairing—as would be 

tested in the split condition.  Mice were believed to be capable of distinguishing two closely 

related sizes based on previous observations.  They also were thought capable of extending 

the size information learned from training trials with Maryshka dolls, onto novel objects 

(blue CUBE).  Last but not least, when exposed to two extreme sized objects (XS/XL) the task 

should become easiest, and preferences stronger for the small object.  This is especially true 

when one considers that the “XL” object had never once contained an escape platform 

under it—yet the XS had.   

9.2    VD6: Task 

 This task used the same mice as in VD5, and trainings continued in the exact same 

manner as that experiment.  Mice had seventeen (17) days with no training between VD5 

and this experiment—though previous experiments suggest mice rapidly relearn a task like 

this when trained once before.  Regardless of this, mice were given fifty seven training trials 

before the first probe in order to learn the task—27 more trials than in VD5.  This was setup 

because they did not appear to learn the task initially in VD5 (based on performance 

measures).  There were five different probes given over a series of five different days (two 

probes, one day off, and then three more probes).  Platforms were removed for all probe 

trials—as was done in VD5. 
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Details for the probes were as follows: 

   In a split-group condition—group 1 (G1) and group 2 (G2)—mice were exposed to 

two different probes (probe “A” and probe “B”).  The order that the probes were presented 

to a group alternated based on the group itself.  .   

 Therefore, on day one: G1 received probe “A”, and G2 received probe “B”.  While on 

day two the probes were swapped, and G1 now received probe “B”, while G2 received 

probe “A”.  Probe “A”, consisted of an “XS/M” PENG pairing, while probe “B”, consisted of a 

“M/XL” PENG pairing.  Performing a split-group condition such as this, would show that the 

order of probe presentations did not significantly affect performance for the task.  Lastly, it 

should be noted that mice were given one training trial before each probe was presented; 

but also given two training trials slightly after the probe.  This was done to prevent 

performance extinction in the mice—as each probe requires the platforms to be removed 

for testing. 

 After probe sessions 1 and 2, mice were given one full session of trainings (4 trials).  

Then, for the following probe sessions (3 thru 5) mice were placed back into only one 

group/condition.  Probe session 3 consisted of: two training trials (1 PENG and 1 DEVIL), a 

probe (P3) with “L/XL” PENG pairing, and another training.  Probe session 4: contained two 

similar trainings as P3 (PENG then DEVIL), a probe (P4) with “S/L” CUBE pairing, and a follow 

up training.  While probe (5) did the same thing, but with an “XS/XL” PENG pairing for the 

probe and no training afterwards.  
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9.3     VD6: Object Types 

All objects from the previous experiments were used.  Trainings consisted of every size 

Maryshka stacking doll (XS, S, M, L, and XL) for both PENG and DEVIL object types.  Probe 

pairings varied (see “Trial” details above) and consisted of both Maryshka stacking dolls 

(PENG objects only) and the blue CUBE objects (“S” and “L” only).  At no point during the 

trials did a PENG object get paired simultaneously with a CUBE or DEVIL type object.  

9.4     VD6: Results 

 In this experiment we began testing with a population of 24 mice (n=24), however, 

after trial 22, the analysis was run on only a portion of the mice (n=12) due to experimenter 

errors during time of testing.  A subset of the mice had been incorrectly exposed to a cue 

size / platform location pairing which would have confounded the results.  Therefore, these 

mice were discontinued from the experiment, however, the data from this group are 

included prior to that point in time.  

Single sample t-tests were run on training trials after grouping into success and 

failures and obtaining significance levels (PERF dataset).  Similar to the previous experiment, 

the first 36 trials failed to show strong performance in duration and at best up to 58 percent 

of choices were correct for duration (t=2.966, p=.013, d.f.=11, trials 25 thru 36).  However, 

as suspected from the previous experiment, between trials 37 and 73, performance 

increased for duration in the correct zone.  Performance peaked between trials 37 thru 48 

(91.67 percent; t=5, p=.001, d.f.=11) and remained steady at approximately 90 percent 

thereafter (t=2.609, p=.026, d.f.=10, trials 49 thru 60; t=4.5, p=.001, d.f.=9, trials 60 thru 

73)—three trials were excluded from this experiment due to data erasure in which it was 
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unsure which region the large cue was placed (trials 58, 62, and 67).   For the whole 

experiment (trials 1 thru 73), this measure (duration in correct zone) was also now found to 

be significant (t=7.242, p=.001, d.f.=69).  Latency time for mice immediately heading 

towards the incorrect region (large cue) was also once again strong.  As usual they began 

near chance levels (66% between trials 1 thru 12;  t=5, p=.001, d.f.=11) rose steadily to 83 

percent (trials 13 thru 36;  t=2.966, p=.013, d.f.=11), then 92 percent (trials 37 thru 48), 

dropped slightly to 80 percent during trials 49 thru 60, and then rose again (~91%) for the 

last 13 trials (all 3 groups:  t=1.915, p=.082, d.f.=11).  For the entire experiment it is 

suggested that an average of 82 percent of trials were significant for latency times towards 

the incorrect object/region.  Furthermore, only on trials 61 thru 73 was latency time 

towards the incorrect quadrant significant and at a level of 94 percent of trials (t=2.609, 

p=.026, df=12).  This was in contrast to experiment five in which incorrect choices to the cue 

quadrant were low in percentage (6% average for the entire experiment; t=-9..355, p=.001, 

d.f=29a).  

It should be noted that the gradual increase of performance in duration towards the 

correct cue region does not appear to be related to the data that was discarded (as this 

occurred late in the experiment) or mice pulled early on from the experiment.  Mice were 

pulled from the experiment after trial 22, yet it wasn’t until trials 37 thru 48 that mice 

showed significantly correct performance for the cue region “duration” measure (~91% 

correct and significant) as opposed to (~58% during trials 25 thru 36).  Furthermore, latency 

times towards the incorrect cue did not appear to be affected as well (as they remained 

more or less steady and strong throughout all but the first 12 trials).  
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For probe data, it is reminded that there were two different groups of mice (G1 and 

G2) and two different probes (“A” the  XS/M pair; and “B” the M/XL cue pair) that were 

exposed at different times.  Group G1 received probe A first, while G2 received probe B first.  

Afterwards, the probes were switched and G1 received B, while G2 received A.  This was 

used to determine the influence of probe presentation order on the significance of 

measures.   

A repeated measures ANOVA was run first (duration for small and large cues in both 

region and quadrants, latency for both cues and the cue regions/quadrants, and distance to 

point for both cues as dependent measures).  Groups (G1/G2) were run as between-subject 

factors while probes (A/B) were used as within-subject factors.  It was observed that there 

were no significant interactions for measures X groups, measures X probes, or for measures 

X groups X probes.  In tests of between-subject effects, there was a primary significant 

effect for groups (F=4.973, p=.034, d.f=1) and a somewhat near significant interaction 

between groups and probes (F=3.592, p=.069, d.f.=1). Lastly, probes failed to show a 

significant primary effect.   

Next, post-hoc analysis of the probe data utilizing paired t-tests was performed.  

When pooling the data from both probe trials and comparing analysis for groups of mice (G1 

& G2) it was observed that the only significant difference between groups was cue region 

latency times.  In G1: mice had a significant preference of heading towards the larger cue 

region first (t=2.617, p=.020, d.f.=14)—an incorrect choice—while in G2, the data very lightly 

suggests the same trend (mean difference of .21313 between cue regions) but this was 

considered highly insignificant (t=.282, p=.782, d.f.=15).  Furthermore, the significant values 

suggested mice were spending a longer amount of time and closer in average distance for 
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the larger cue region and quadrant (also an incorrect choice).  Statistical significances for 

duration of G1 were, t=-3.944, p=.001, d.f.=14, while G2 was, t=-3.431, p=.004, d.f.=15—

both showing preference to the incorrect larger region.  When pooling the two groups (G1 

and G2) of data together and using probes as a between measure, it was found once more 

that only latency times to the cue regions differed (insignificant for probe type “A”; t=1.247, 

p=.233, d.f.=14).   Trends in preferences were of the same nature as mentioned before for 

the probe duration, latencies, and average distance to cue location measures.  In whole—on 

probes A and B--results for duration time towards the incorrect cues contrasted those from 

the training trials.  In training trials, mice spent most of their time around the correct cue, 

while in these probe trials they spent most of it near the incorrect probe.  Something 

important to note about this trend is that in the training trial just prior to probes, the correct 

platform location was a “rightward” choice (mice started in the “S” location, and the 

platform was in the NE).  If mice were making a “rightward” choice again for the probe, 

they’d end up entering in the SE (as they were released from the “W”).  This rightward 

choice would have led them to enter first into the incorrect quadrant, and perhaps spend 

more time seeking there—this is something to consider.  

 On probe trial three (L/XL PENG pairing), the paired t-tests failed to show a 

significant difference for all measures except latency times towards the incorrect cue 

quadrants (t=-7.966, p=.001, d.f.=15).  Despite the insignificant levels, general preferences  

appeared to be the same as probes A and B with the exception of distance to cue—in which 

mice showed a mild preference for the smaller cue (insignificant; p=.680).   

 Probe trial four (novel XS/XL blue CUBE objects) failed to show significance on all 

paired t-tests.  The measure which appeared closest to being significant (t=-1.750, p=.104, 
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d.f.=13) was latency times for entering into the correct small cue quadrant.  Lastly, probe 

trial five (XS/XL PENG pairing) obtained similar results to probe 4, but this time the latency 

into the correct zone was in fact significant (t=-4.116, p=.004, d.f.=7).   

 When all cue region measures were analyzed using a one-sample t-test with probes 

as the within measure, and a test value of “.95” all measures showed an extremely high 

significance for every probe trial.  With that in mind, it was observed that the duration 

measure’s mean difference towards the larger (incorrect) cue region was higher 

(mu=2.1469) for probe three, lower (mu=1.765) for probe four, and higher (mu=1.5125) 

again on probe five—when compared to the smaller (correct) cue regions (mu=1.925, 1.829, 

and 1.30; respectively).   

9.5     VD6: Brief Summary 

 The measures suggested that mice initially did not have a strong preference for 

either of the two regions (trials 1 thru 36), yet developed a trend of spending more time 

searching near the small cue platform region (a correct choice) from trials 36 onward.  On 

the other hand, they still rather quickly (post trial 12) developed a trend of heading first 

towards the large cue (an incorrect choice) ~88 percent of the time based on entry-into-

zone latency measures for the two cue regions.  Other measures such as distance to cue 

regions and duration of quadrants failed to show a trend for performance levels and 

remained low.   

 In regards to probe trials data, for probes 1 and 2 it was found that measures were 

significant, there was a significant effect between groups (G1 & G2), no primary effect for 

probe types, yet a near significant (p=.069) interaction between Group and Probe type.  

Overall, the results suggest that the order of presenting probe types (XS/M versus M/XL) 
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affects performance measures ; however, the probe groups when compared do not 

(insignificant for primary effects).   Mice choices were in contrast to the training trials.  

During trainings, mice had chosen correctly a majority of times (based on measures of 

duration in the correct cue regions) while on probes they spent a majority of their time in 

the incorrect region.  Probe 3 failed to show significance for all measures except latency 

(p=.001) times to a region—in which mice chose the incorrect quadrant first.  Probe four 

failed to show significance for all measures; while probe 5 showed latency to be the only 

significant measure once again (to the correct zone).  Due to the complexity of this study, it 

appeared possible mice may be making a “place” or “directional” choice based on the 

previous training trials, rather than choosing solely on current trial cue sizes—this will be 

considered in the next two studies.   
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CHAPTER 10 

EXPERIMENT #7: “Back to Basics” 

 

10.1     VD7: Intention & Hypothesis 

Mice continued to perform poorly for experiments towards small cues, and it was 

noticed that they seemed capable of detecting where they were oriented in the water 

maze—despite solid black curtains being drawn around the pool and experimenters being 

silent in the room during trials.  Despite previous studies (outside of the ones in this thesis) 

suggesting that complexity benefits performance for visual discrimination tasks—see 

Chapter 2—it was a possibility that it could be hindering performance for this task.  Perhaps 

the tasks at hand were too hard for mice to be capable of getting the rule (the platform is 

always under the smallest object)—as we were observing incorrect initial entries to the 

correct region.  Therefore, the need to simplify this task was noted.  Only three relative sizes 

would be used and two conditions created.  The number of objects presented was reduced 

to one (the black PENG object in experiments 2 thru 6), and mice were to be trained with 

only one size pairing.  Mice in one condition would be trained only with a small (S) and 

medium (M) pair, while mice in the other condition would train to a medium (M) and large 

(L) pair.  This creates a setup in which mice are actually training to one specific cue for all of 

the trials.  Probe trials would present a novel size using the same type of object previously 

seen (PENG), paired with the exact same previous cue that contained a platform during 
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trainings.  Lastly, because we were planning to limit cue locations to a left or right choice in 

this experiment, we could more easily assess directional preferences mice might have.  For 

instance, do they always head in the leftward direction?  Additionally, if they weren’t 

actually getting the rule, what type of strategy were they using?   

It was hypothesized that being trained to only one pair of cues would significantly 

simplify this task.  If mice were truly capable of object discrimination they could learn to go 

to the one visual cue that always contained the platform during trainings.  It was uncertain 

however what affect the novel probes might have.  Would mice choose to go to the cue 

they were familiar with because it always contained the platform, or would they go to the 

novel cue because it was either the smallest or largest?  Based on the previous experiments, 

it was believed that regardless of condition, mice will always attend to the largest cue.  It 

was unclear whether or not mice would be making a directional choice instead of an object 

choice.  It was believed that in the event they could not grasp the rule, they may just use a 

simplified strategy to locate the platform—as is seen in thigmotaxis—see section 3.1.2.   

10.2     VD7: Task 

It was decided that in the current and future studies curtains should be drawn only a 

quarter of the way around the water maze—in the south-east (SE) quadrant.  This allowed 

the computer monitor and experimenters to remain hidden, while extramaze cues were 

placed around the room walls to create an “enriched” environment.  Mice were no longer 

released from several starting points, and instead they started always from a relative south 

(S) position.  Furthermore, possible cue locations were limited to the north-west (NW) and 

north-east (NE) quadrants only.  This reduced path decisions for the task to a “left” or 
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“right” choice after mice were released—similar to water box testing (see section 2.2.3).  

Only one object was used (black PENG objects), and only three relative sizes specified (small 

(S), medium (M), and large (L)).  It must be noted that the relative “M” and “L” cues for this 

experiment were actually the relative large (L) and extra-large (XL) cues that appeared in 

experiments 1 thru 6.  This switch was chosen for two reasons: 1) larger cues were easier for 

mice to see, and (2) using these larger sizes made it such that there was an extremely 

noticeable difference between the older “S” and new “M” cue pairing, with a weaker yet 

considerable difference between the new “M”(previously “L”) and new “L” (previously “XL”) 

pairing.   

Mice were placed into two different training conditions.  Condition “SM” received 

trainings only to the “S/M” pairing, while condition “ML” received trainings only for the 

“M/L” pairs.  For each trial, cue placement was pseudorandomly decided—sometimes with 

the relatively smallest cue on the “left” side (NW) and sometimes on the “right” side (NE).  

On this experiment, one session was equal to five trials (instead of four as was the case in 

the previous experiments).  This was chosen such that any given session either had more left 

choices or more right choices, but never an equal amount for that session.  For example, 

sessions were setup such that there was always a 3:2 ratio—either 3 left and 2 right choices, 

or 2 left and 3 right choices—but the patterns they appeared in varied for each session.    

The chances of a cue being on either side always averaged to 50% by every 10th trial, and by 

completion of the experiment. 

For probe presentations, mice were given the opposite cue pairing that they have 

never before seen.  So in full: SM was trained to the S/M pair, and on probe day would be 
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presented with the M/L pair; while ML was trained to the M/L pair, and on probe day would 

be presented with the S/M pairing.   

10.3     VD7: Object Types 

 Cue objects for this experiment were limited to the black PENG only.  Sizes were 

limited to relative small (S), medium (M), and large (L).  Relative “M” and “L” PENG objects 

were actually the large (L) and extra-large (XL) objects that appeared in VD2 thru VD6—

respectively.  Probe cues consisted of either a S/M pairing or a M/L pairing (depending on 

which was novel to mice for their particular training condition). 

10.4     VD7: Results 

Single sample t-tests were again run on every training trial after grouping into 

correct and incorrect choices (PERF dataset) and analyzing trials via paired t-tests (smaller 

versus larger cue regions).  Unlike the previous two experiments in which duration towards 

the correct cues (smaller) appeared to develop strong over time, this experiment failed to 

show significantly correct choices.  For the experiment as a whole (trials 1 thru 70) only 18 

percent of trials showed a significant effect for duration in the correct cue platform region.  

Looking at groups of twelve trials for this measure, it ranged between 8 percent (trials 59 

thru 70) and 41 percent (trials 49 thru 60) of trials with correct choices—both with near 

significance of t=1.915, p=.082, and d.f.=11.  Prior to trial 49, statistics for groups of trials 

showed they remained around an 8 to 25 percent (of significant trials) performance level 

(t=5, p=.001, d.f=11, trial 1 thru 12; t=2.966, p=.013, d.f.=11, trials 13 thru 24 and 25 thru 

36).  Once again, latency times toward the incorrect cue region (larger cues) showed 

significantly high levels immediately.  This time though, the patterns began high with 91 
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percent of trials being significant on trials 1 thru 12 but trended downwards to 75 percent 

by trials 49 thru 70 (t=1.915, p=.082, d.f.=11; trials 37 thru 70).    

In a one-way ANOVA (d.f.=1,10 for all measures) of probe test results—having group 

type (ML or SM) as a between factor—none of the mean measures showed a significant 

difference (measures being: distance moved, velocity, heading direction, smaller/larger cue 

regions and quadrants, latency for both region and quadrants towards the smaller/larger 

cues, and average distance to either cue).  Keeping the null hypothesis, this suggests that 

there was no significant difference between the two group’s average measures.  Data from 

both groups were then kept pooled together and a post-hoc paired t-test performed.  The t-

test compared paired measures for duration, latency, and distance to point (similar to 

previous experiments).  This analysis showed a significant effect of mice staying primarily in 

the larger cue quadrant (t=-2.725, p=.020, d.f.=11), entering first into the smaller cue 

quadrant (t=-14.033, p=.001, d.f.=11), and near significant effect of remaining closer on 

average to the larger cue (t=2.041, p=.066, d.f.=11).  Thus, both the average duration spent 

near cues and average distances were in favor of the incorrect regions.  Measures for 

duration in cue regions, and latency to regions were insignificant. 

In a similar paired t-test, the two different groups of mice were compared by 

looking at individual measures for each group.  It was observed that both groups (similar to 

the previous test) showed no significance for the difference of means between either: cue 

region durations or latency to the cue regions.  There was however a difference between 

pairs for the measure of duration in quadrant (SM was significant at t=-3.542, p=.001, d.f.=5; 

while ML was insignificant for this measure).  Despite the difference in significance between 
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the two groups independently, both showed a preference for the same correct regions and 

similar pattern of latency (based on looking at the paired means independently).   

10.5     VD7: Brief Discussion 

 The training trials measures show—unlike experiments five and six—that 

mice failed to spend a significant amount of time in the smaller cue zones for most trials.  

Furthermore, although they began with high levels of initial entry into the incorrect zone 

(larger cue regions) and then this measure gradually declined over time.  Regardless of the 

declining percentages, these measures still remained significant and above chance levels 

(with 75% of trials showing significance over the last 22 trainings).  On probe trials in which 

the two groups of mice were pooled: both the average duration spent near cues and 

average distances were in favor of the incorrect larger cue regions.  Measures for duration 

in cue regions, and latency to regions were insignificant.  When comparing independent 

paired measures for each of the groups, the same significant trend was found for duration 

and latency to region; however, only the SM group showed significance on measures of 

duration for the incorrect larger cue quadrant.   

When considering the differences between probe groups, it’s noted that SM (which 

was significant for duration) had the larger cue placed in the previous training trials platform 

location (“Left/NW” side of pool).  In consideration of VD6, this appears to be the pattern 

we expected if mice were making a directional/place based choice—they head towards the 

previous trials platform location.  Oddly enough though, “ML” whose measure was 

insignificant for duration, had the larger cue located in the “Right/NE” side of pool for the 

probe.  If mice were purely making a choice based on direction/place, it should have been 
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seen that mice in the ML group made the “correct” choice (“Left/NW”)—which they did 

not—while mice from the SM group made an “incorrect” choice (“Left/NW”)—as they did.  

It seemed possible that larger sized cues could be interacting with a natural preference to 

choose based on the previous training trial locations (i.e., see Figure 18 in Appendix C)—

thus perhaps the insignificant measure for the ML group.   
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CHAPTER 11 

EXPERIMENT #8: “Another never ending story…” 

 

11.1     VD8: Intention & Hypothesis 

 It seemed that despite simplifying the task to a two object condition, and presenting 

only one pair during trainings, still did not allow mice to understand the rules (“Go to one 

cue”.  “Always go to the same smallest cue”).  Considering that mice were capable of being 

trained to simple line patterns in water box tasks, it was thought that perhaps the open field 

aspect of this task created a problem.  If the task was as simple as swimming a specific 

distance along the walls and eventually running into the platform under either one of the 

two cues, perhaps it was too simple.  Maybe there was no incentive to learn the rule.  In this 

experiment, it was decided that a clear Plexiglas wall should be created to prevent mice 

from using this strategy.  This way, every time they tried to swim in a direct circular fashion 

from one cue to the next, they would be stopped by a wall, and have to swim around it.  

Using this wall, it would force mice to make an immediate decision of either going left or 

right.  If the decision was incorrect, they would have to swim all the way back around the 

wall in order to get to the second cue—which would take several more seconds than if they 

chose correctly the first time.  Furthermore, correction trials would be used to prevent them 

from developing a strategy of only going to one direction/place.  Correction trials would 

consist of pulling the mice away from the incorrect quadrant (every time they went towards 
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it or chose incorrectly) and placing them at the starting point again.  It was decided that 

correction trials would be weaned in slowly as the sessions progressed.  Therefore, in earlier 

trials there would be few correction trials given (to give them time to free explore the water 

maze—similar to open field tests).  While in the later sessions, as many error corrections as 

was needed to get them to go in the correct direction, would be given.   

 Hypotheses were as follows: 1) It was believed that by preventing the mice from 

locating cues by swimming in a full circular pattern around the water maze—by placing a 

clear wall up—would discourage going to the wrong cue first.  2) This would in turn prevent 

a single specific place or directional strategy from developing, and encourage mice to learn 

the rules for the task.  3) In the event mice did begin developing a specific place/directional 

strategy, it was believed the error correction trials would force mice to change their 

strategy—by making them restart the task for as many times as it took to go the correct 

direction.  Under all of these circumstances, it was believed that mice should be capable of 

learning the rules.   

11.2     VD8: Trials 

 Trials used the same setup as VD7, with a few exceptions.  First off, cues were hung 

lower to the water—now they were 11 cm, from the lowest cue point to the surface of 

water (as opposed to the other experiments in which they were ~13-15 cm).  Cues were 

always hung using the lowest point of the object as a reference line--to assure that at least 

the lowest portion of cues were always in recognition range and height would be amplified 

when observing across from each other.  The other exception was that mice were weaned 
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into more and more error correction (EC) trials (see previous section) as time went on, for 

every trial that they did not choose correctly.    

 Trials 1 through 12 applied zero EC’s.  Trials 13 through 15 applied one EC after mice 

chose incorrectly.  Trials 16 through 20 applied up to two EC’s. Trials 20 through 24 applied 

up to three EC’s—and thereafter, EC’s were applied liberally until mice got the task correct.  

What’s important to note about the error corrections, is that a mouse was only pulled back 

to the start if it did one of two things:  1) if it went initially into the incorrect quadrant 

(relative large cue location); or 2) went from a correct quadrant (relative small cue location) 

back around the wall and then into the incorrect quadrant.  Mice were pulled away from the 

area immediately when they hit the boundaries to those regions.  Probe trials were the 

same as in VD7, such that mice from the SM (S/M  pairing) were presented with the M/L 

pairs, and ML (M/L pairing) were given the S/M pairs as a probe.  The only difference is we 

randomly assigned some of the mice from both pairs to a condition of no cues whatsoever.  

It was of interest to see the natural effect that trainings had towards previous cue locations 

and directional heading choices when there was nothing to choose between.   

11.3 VD8: Object Types 

 The same objects that were used in VD7 were presented for this experiment.  

Nothing was changed in this respect, and probe objects presented remained the same for 

the two conditions (SM and ML—see VD7).  

11.4     VD8: Results 

Trials were sorted and analyzed again for success (to correct small cue areas) and 

failures (to incorrect large cue areas) using paired t-tests.  Post-hoc single sample t-tests run 
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on this PERF dataset were analyzed both as a full experiment and in groups of twelve.  It 

should be noted that this particular experiment contained error correction (EC) trials—in 

which mice were exposed to the same training trial several times (assuming they chose 

incorrectly the first time) until they went straight for the correct cue region (rather than 

going first for the incorrect one).  Only the initial trials, and not the error correction one’s 

will be analyzed as not all of those were recorded—occasionally particular mice required as 

many as 53 EC’s, and this will be discussed later.  

 In this experiment, analysis for the first eight trials was compromised.  Changing the 

cue types to pure black ones created an undesired noise in the software recordings—the 

software was occasionally recording these new cues as if they were mice.  After the eight 

trials we were able to prevent this by blocking the camera from observing cue locations and 

the software could then infer mouse position for these relatively small areas (less than ~2% 

of pool arena) based on entry and exit locations for mice in those locations.  The method for 

blocking cues was at the camera level and therefore it was guaranteed that mice could not 

see this obstruction.  Furthermore, the noisy data in trials one thru eight should not 

significantly affect the data based on previous experiments—in which the first twelve trials 

were found to be of low significance and performance either way.  Data on the first eight 

trials was also manually edited to delete what appeared to be incorrectly tracked locations 

due to cues (rather than mice).  This was hoped to salvage the good data that was still there 

underneath the noise.  This manual process can affect detailed path recordings on a minor 

level, but maintains information about the near general vicinity of mice for particular 

regions (which is what our data is looking at).   
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Trials 1 thru 12 showed zero percent of trials being significant (insignificant 

measure) for duration in the correct zone (as opposed to 5% for the incorrect zone; 

insignificant).  This does not appear to be compromised by noise in the first eight trials, as 

this would have been shown by an above average duration in either the correct / incorrect 

zone—due to recording cues as if they were mice in those zones.  By trials 13 thru 24 

approximately 8 percent of trials showed a significance for duration (t=-5, p=.001, d.f.=11), 

and by trials 25 thru 37 it raised to 15 percent (t=-3.323, p=.006, d.f.=12).  An average of 8 

percent of trials showed a significant effect (t=.2.046, p=.0057, d.f.=17, whole experiment—

trials 1 thru 37; t=1.915, p=.082, d.f.=11 in trials 1 thru 12; t=1.915, p=.082, d.f.=11 in trials 7 

thru 18) for duration in the relatively small, correct cue zone.  Similar to early experiments 

and experiment 7—which mimicked this one most closely—latency times to the incorrect 

region (larger cue) were found to be significant and high.  For the experiment as a whole, 94 

percent of trials were significant (t=11.833, p=.001, d.f.=36).  This measure started and 

maintained ~92 percent (t=5, p=.001, d.f.=11) in trials 1 thru 12 and 13 thru 24, and then 

increased.  By the end of the experiment (trials 25 thru 37), 100 percent of trials showed 

significance for latency times to the incorrect region (significance not indicated).    

Similar to VD7, a one-way ANOVA (d.f.=1,14 for distance moved, velocity, and 

heading; and d.f.=1, 9 for all other measures) having group type (ML or SM) as a between 

factor, none of the mean measures showed a significant difference (measures being: 

distance moved, velocity, heading direction, smaller/larger cue regions and quadrants, 

latency for both region and quadrants towards the smaller/larger cues, and average 

distance to either cue).  Keeping the null hypothesis, this suggests that there was no 

significant difference between the two group’s (SM or ML) average measures for variability.  
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Furthermore, in the same form of test with probe type (No cues, M/L, or S/L pairings) as the 

between factor and data from both training groups pooled, no significant differences 

between probes types for all measures were found.   

In post-hoc paired t-tests however, there were some significant trends found.  For 

the “No probe” (NONE) condition, there is obviously no correct / incorrect region, and based 

on trials the chances that a mouse attends to any one region should be “.5”.  In the paired t-

tests comparing means for NW and NE regions (where mice were trained to attend to cues) 

there was a near significant difference between these regions.  Mice in the NONE group 

attended more to NE region based on duration time spent there (t=-2.943, p=.067, d.f.=4).  

The near significance appears due most likely to a low sample size—when considering that 

the other measures were insignificant.  It should also be pointed out that in the training trial 

just prior to the probe, the smaller cue and escape platform were in this region (NE).   

More interesting is that when comparing the two other probes (S/M and M/L 

pairings) to the NONE condition, duration between regions was not significant for either SM 

or ML for the other probes (M/L & S/M respectively).  It would appear that presenting the 

novel probes to mice threw off preferences based on previous trainings… or did it?  In this 

probe experiment we had deviated from previous ones in that: for each group (both ML and 

SM) half of the small cues were presented in the NW region and the other half of small cues 

in the NE region.  This way, if there was a natural preference for location or direction, it 

would show up.  By finding that preferences to attend more to a specific size cue had 

disappeared—when cues were equally presented in both sides—it is suggestive that mice 

were primarily choosing a location in these tests.  Furthermore, latency was the only 

measure that was significant when comparing SM and ML to one another (both showed a 
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preference of heading to the smaller cue first; t=-7.583, p=.002, d.f.=4, and t=-15.1150, 

p=.002, d.f.=6 respectively). 

A paired t-test examining “NW” and “NE” region measures for both the ML and SM 

conditions (rather than for “correct/smaller” or “incorrect/larger” regions) was used in 

order to examine a possibility that mice were attending to zones rather than cues.  

Interestingly enough, the SM group (which during probe were presented with the M/L 

pair—opposite from training) showed a somewhat near significant difference for duration.  

This group spent most of their time in the NE region (again, the region where the pre-probe 

training trial was according to quad codes).  Furthermore, this SM group also showed a near 

significant effect (t=2.585, p=.061, d.f.=4) of remaining closer to the NE region.  While on the 

other hand, the ML group (probe presentation of S/L) showed no significant difference 

between measures for duration, latency, and mean distance to the NE and NW regions.  This 

same test was now performed again, but with all groups pooled together.  This test showed 

a significant effect of remaining in the NE region(t=-2.959, p=.010, d.f.=15),  staying closer to 

NE region on average (t=2.562, p=.022, d.f.=15), with no significant effect for entering a 

particular region first.  A repeated measures ANOVA would have been performed to look at 

interactions, but due to low degrees of freedom it could not be performed—again, 

suggesting a larger sample size for this experiment could have possibly amplified the 

observed effects.    

11.5     VD8: Brief Summary 

To summarize: In whole, the experiment suggested that there were no major 

differences between the variances of each group for all measures, nor the probes.  
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However, individual comparisons of means (when pooled) showed that there was an effect 

for location and distance to the NE region (previous training trial location).  Individually, the 

NONE and SM group(presented during probe with the novel M/L pairing), showed a near 

significant effect for duration towards the NE region; while only SM showed a near 

significant effect of remaining closest to that region on average.  When comparing SM and 

ML to one another for preferences towards a cue, initial entry preferences showed up with 

both groups going first towards the small cue region, however, duration and distance 

preferences towards a particular cue disappeared. 

When assessing these results, it needs to be reminded that the relative M/L cue 

pairing from this experiment was actually the “L/XL” pairs from previous experiments.  The 

significance of this, is that there was a slightly smaller difference between them when 

compared to the S/M pairs (which had no changes from previous experiments)—yet both 

were noticeably larger and easily distinguished from one another by human standards.  This 

idea is reminded, due to the fact these results suggest a difference between the probe 

presentations based on cue pairings used.  It is possible (see discussion section) that having 

two cues so closely related in size (as the SM group had never been trained to distinguish 

these cue sizes) created a situation similar enough to have no cues at all (i.e., perhaps they 

appeared visually the same size).  On the other hand, mice from the ML group which were 

trained to these similar sizes (M/L), may have shown a more noticeable effect when size 

differences became highly distinguishable on probe (S/M).  Thus an interaction would be 

occurring between the previous training trial cue locations and the current probe trial 

presentations of size.  As mentioned, due to a low sample size for each group and probe 

condition this could not significantly be tested.   
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CHAPTER 12 

CONCLUSIONS: 

 

12.1     Final Discussion: 

 The above mentioned studies were conducted to test relative size discrimination in 

male C57BL/6J mice using visual discrimination water maze tasks.  The data revealed that 

when mice are trained to locate a submerged platform below the larger of two visual cues, 

the mice appear to perform the task appropriately based on measures of time spent in the 

correct cue region.  During these same training trials, latency-to-cue measures suggest mice 

enter first into the incorrect cue regions.  Overall, measures suggest that mice are capable—

to some degree—of discriminating for size between two cues—they may choose incorrectly 

however.  When tested for a transfer of “size” relation under probe conditions, it was found 

that mice shifted strategies by generally spending a longer time in the larger cue region, 

while, latency-to-cue measures remained the same as training trials—towards the incorrect 

cues.  Lastly, it is possible that mice are using directional choices—relative to their starting 

position—in order to locate the escape platform.  In the event mice are making directional 

choices, it is possible that the cue sizes, cue orientations in the maze, or environmental 

factors may be impacting the chosen direction. 

 So, going back to the initial question in this paper: If insanity is doing the same thing 

over and over again when it’s not working, and expecting different results; are the mice—
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and quite possibly the experimenters—just insane??  Perhaps according to Einstein, but 

mostly likely this is not the case.  However, several possibilities do exist: 1) it is possible that 

the brain systems of mice are not fully capable of associating specific cue characteristics 

with a reward, on one level or another; 2) visual systems themselves fail to be sensitive 

enough to recognize fine characteristics between objects and thus these details do not get 

processed at all—an unlikely account; 3) perhaps the systems that process cue size 

characteristics, are not developed enough to compare and contrast the information 

regarding "size" features—also unlikely because they do tend to show some level of "size" 

preferences.  Lastly, perhaps mice have the capacity to correctly discriminate between cue 

sizes (i.e., associate a reward with a particular relative size), but our training regimen did not 

appropriately tap into this ability. 

 The most likely explanation appear to be a lack of ability to correctly and strongly 

associate the “relative size" information with escape platform locations, or that our tests did 

not correctly demonstrate this capability.  Assuming possibility number two were to be true, 

it should be seen that mice do not have much preference for either cue, while number three 

should also show no preference.  What follows, is a breakdown of key results and potential 

neural correlates that could be involved when mice are making a choice.  From that point 

onward, it is up to the individual reader to determine what they believe and future studies 

to either prove or disprove the following proposals.   

 One final comment before discussing experiments is that there was a method used 

which was not analyzed statistically—however, it was considered after the completion and 

analysis of all eight experiments.  Each trial was designated with a category called a 

“quadrant code” (see section 4.1.7 in order to understand this method).  The quadrant code 
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system designates the location of both the smaller and larger cue, in terms of quadrants 

relative to the perspective of the mouse starting point—rather than in absolute quadrant 

terms based on the “South” end of pool.  Thus, all trials could be normalized to only one 

starting point (mouse starting point) and analyzed in terms of the directional/procedural 

choices mice make.  Using this system, it can easily be determined by looking at the relative 

quadrant code “1.2”, that the smaller cue was in quadrant 1, and the larger cue in quadrant 

2—based on a mouse perspective from the starting and/or release point.  The actual 

absolute quadrant locations that the cues fell in, could be any 1 of 4 combinations, 

depending on if the mouse was released from south, east, north, or west.  The strength to 

having a relative quadrant system (based on mouse perspective) is that it allows mice swim 

patterns to be analyzed offline in terms of procedural choices (i.e., “left/right” or 

“closest/furthest” quadrants).  Quadrant codes will always be discussed in terms of relative 

location; while any discussion of direction (i.e., NE, NW, SE, SW) will be considered an 

absolute reference.  An example of how quadrant codes help to simplify things—once they 

are understood—consider the following example.   

 Suppose that in trial one we have  a quadrant code (QC) of 1.2 (as described above), 

the next trial is 2.1, and the last trial is 3.2.  If a mouse was being trained to the smaller cue 

(the first digit in code), yet results continually showed a preference for the larger cue—i.e., 

mouse spent most of its time in quadrant 2 for the first trial, then spent more time in 1 on 

the second trial, and more time in 2 again on the third—it might be proclaimed that the 

mouse has a significant preference for larger cues.  But consider this: if the mouse was 

continually swimming to the previous platform location (relative to it’s perspective—a 

procedural choice), that mouse would end up with the same results.  To detail this: in trial 
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one, the smaller cue is in relative quad 1 (QC1), and on trial two the mouse spent most of 

it’s time in relative quad 1 (where currently a larger cue is)—but it is the same relative 

quadrant where the platform previously was in trial one.  So observing trial two (QC 2.1), the 

smaller cue was in relative quadrant 2, while on trial three (QC 3.2) the mouse spent most of 

its time in QC2—once again where the larger cue is, but also the same relative quadrant 

(QC2) that the previous trials platform was located.  It cannot be sorted out if a mouse was 

making a choice purely on size, or purely for the previous trial’s relative platform location.  

More so, perhaps both factors influence preferences (cue size and a preference to go to the 

previous platform locations relative to starting point).   All we need to do is look at the 

previous trials quadrant code and compare it to the current quadrant code, in order to 

assess if mice ended up making these types of choices (as shown above).   

 Now results for all experiments will be analyzed and discussed in groups.  Later, it 

will be considered how when observed as a whole, they create a complete picture of the 

choices mice may be making.  First, key points from experiments 1 thru 4 (VD1 thru VD4) 

will be discussed since in these experiments mice were trained to approach the larger cue 

objects.  Next, experiments 5 thru 6 (VD5 & VD6) will be explained in terms of what 

happened when the relatively smaller objects were being trained.  While experiments 7 and 

8 (VD7 & VD8)—although also trained to smaller objects—will be discussed separately as 

the method of training changed significantly compared to  VD1 thru VD6.  Finally, we will 

consider the results in terms of trends that appeared to be occurring with all experiments.   

 In experiments one thru four, mice were trained to the relatively larger cues.  

Experiments varied for the type of cues they used—i.e., blue cubes (CUBE), red patterned 

Maryshka stacking dolls (DEVIL), or black patterned Maryshka stacking dolls (PENG).  Cues 
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could show up in any of four quadrants—but no more than one cue to a quadrant.  

Relatively smaller and larger cues were always paired together, and the platform placed 

under the appropriately trained cue—i.e., larger cue for these experiments.  Results for VD1 

thru VD4 suggested that mice spend more time (duration) in the correct larger cue regions 

during trainings (as much as 80% of training trials) a majority of time, and this was 

significant.  Preferences to enter either the larger cue region or smaller cue region first 

(latency times) showed a preference to enter the smaller incorrect regions first.  Lastly, 

average distance to either cue, showed no significant preference for either cue during the 

trainings.  Probe trials for these groups of experiments suggested a similar pattern—spend 

more time in the correct region, enter first to incorrect region, and only VD3/VD4 showing  

significance for distance to cues (mice preferred the correct region). 

 In experiments five and six (trainings towards smaller cues) a different pattern was 

found.  All experiments had trainings that were similar to VD1 thru VD4.  However, each 

experiment (VD1 thru VD8) had several unique aspects—see chapters 5 thru 11 for 

experiment details.  Mice took a significantly longer time to develop duration preferences 

towards the correct regions.  Prior to trial 30, mice on average showed only 60% of trials 

with a significant duration for the correct region (smaller cue)—this was opposed to VD1 

thru 4 in which preferences were fully developed by the end of 30 trials.  Latency 

preferences to enter in a region, first, showed that training trials relatively quickly (but still 

slower than in VD1 thru 4) developed a preference for the incorrect larger cue region.  

Distance to a particular cue was once again insignificant as a measure.   In VD6, training 

trials were increased and it was found that post trial 36 mice developed preferences to 

remain in the correct smaller cue region (~90% of trials 36 thru 73).  Latency continued to be 
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significant (~83% of trials), while distance to a particular cue remained insignificant.   

 During probe trials of VD5 & VD6, several things were found.  One, cue coloring 

might not have a major influence over mice preferences towards cues (i.e., when one is red 

and the other black), however, it did appear to slightly shift mean preferences—with mice 

preferring the darker color.  In future studies, it was determined that although several 

colored cues may be used to train mice for size, only one color should be used during a 

probe trial—to prevent this uneven shift in mean preferences.  Two, presenting a “S/M” cue 

pairing before a “M/XL” pairing (as in VD6)—or vice versa—was found to shift the strength 

of preferences for “latency” (one probe group for order was significant; while the other was 

insignificant).  Three, mice preferences during most of the probe presentations were 

actually opposite from the trainings—mice preferred to remain near the incorrect larger 

objects rather than correct small ones.  Latency entries showed mice were still entering the 

incorrect cue regions (larger cues) first, but this also was the only measure to sometimes be 

insignificant.  Upon looking at the data closer, this difference between choices may actually 

be a response of the previous training trial, rather than the cues themselves—to be 

discussed later.  Presenting probe trials successively (where the platform was removed) did 

in fact create a small extinction for preferences; however, patterns of choices remained 

rather similar.  As seen in probes 3 thru 5 of VD6 (where this was observed), duration and 

distance were insignificant (though still showed preferences towards the incorrect larger 

cue); while initial entry preferences (latency) for an object were only significant sometimes 

(once towards the correct object, once towards the incorrect object, and once insignificant).  

Overall, duration appeared to be a steady slow building preference, latency measures rise 

quickly and show strong preferences often, but also appear erratic for probes, while 
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distance to zone usually matches duration preferences but are frequently insignificant.   

 Surprisingly, when mice were trained to larger cues (as in VD4) they were capable of 

extrapolating this information onto novel types of objects (CUBE) and choosing  a similar 

relative size; however, when the same was done with smaller cue training (as in VD6), the 

novel probe (CUBE) failed to show significance for all measures.  The contrast between 

these two trainings, suggested that beyond “size”, something else may be involved in mice 

choices.  Mice may be using larger size as a preference, rather than actually using previous 

trainings to decide—to be discussed later.   

 The next experiments were VD7 and VD8.  These groups used only three relative 

sizes, always started from the south, and cues were always placed in the furthest left or 

right quadrant (50% chance a cue was on either side).  Furthermore, rather than being 

trained to multiple pairs of various sized cues; mice on these experiments were only trained 

to one specific cue pair each.  Some mice (SM) received trainings for the small (S)/medium 

(M) pair; while other mice (ML) received trainings only for medium (M)/large (L).   

Furthermore, in these experiments, the relative “M” and “L” pairs used were actually the 

absolute “L” and “XL” pairs (respectively) from the previous experiments.    

 In VD7 & VD8 trainings (the “simplified” task), it was found that mice failed to reach 

strong preferences for either cue region (based on duration in those regions).  On average, 

mice showed correct (smaller cue region) significant choices on only 18% of trials for 

duration in that region—throughout the training.  Furthermore, incorrect choices (larger cue 

region) that reached significance were just as weak—if not lower—in performance 

percentages.  Thus, mice showed a significant preference to remain in the correct region 

more so than the incorrect region.  However, overall, the percentage of trials in which mice 
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showed this preference—only 18% of trainings—was not significant.  Mice needed to reach 

~75% of trials correct and/or incorrect, in order for this performance to be significant.  In 

training trial measures of latency times to a particular cue size, it was found that mice 

generally enter the incorrect region first.  This significant phenomenon occurred 

approximately 75% to 94% of the time (similar to the previous studies).  Furthermore, it was 

noted on VD8 that when mice are given error correction (EC) trials, it only strengthened this 

type of preference—despite the fact that they were designed to weaken this sort of 

preference.  Considering previous studies on aversively motivated tasks, it is possible that 

this contributed to our results.  In contrast, on VD7—which contained no EC’s—it was found 

that over time this preference weakened slightly from 91% down to 75%--this too will be 

discussed shortly. 

 Overall, it would appear that for the training methods used in VD1 thru VD6, mice 

were capable of learning to spend more time near the correct cue—either smaller or larger 

depending on the experiment.  Measures for distance to the cue locations appeared 

insignificant and unreliable for the most part.  Meanwhile, initial entries for either of the 

two cues (latency times) were frequently significant.  Oddly enough, these initial entries 

were routinely towards the incorrect region—even for VD7 & VD8, which failed to show a 

significant preference for either of the two cues.  How would this be possible, if mice were 

actually getting the relative size differences and capable of making a correct discrimination?  

It is arguable that they are not actually understanding the rule, nor capable of making 

correct relative size discriminations.  Alternatively, perhaps they are getting size differences 

to some degree, yet incapable of fully understanding it, or extrapolating the training rules 

onto novel objects.  The following is an account of what may actually be happening.  
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 First, it should be stated that the mice swim patterns occurring, develop over 

several trials.  Furthermore, there are noticeable stages (or continuous development over 

trainings) in which mice gradually shift strategies.  Initially, mice do not immediately 

associate the cues with the platform—and this would be the first thing to develop—thus 

they have a strategy similar to thigmotaxis (section 3.1.2) and thus circle around the pool.  

Next, they begin making more crossings from region to region in the pool, and after a few 

trials start narrowing their choices towards the cues.  It is at this point that they appear to 

develop a taxis strategy—basing choices on intramaze and/or local cues.  

 Second, once mice appear to make the association that cue regions equal an escape 

platform being present, they mostly draw their attention to the larger cue.  The most 

obvious explanation would be that larger cues are significantly more noticeable when 

viewed from across the pool—in particular when the larger cue is nearby, while the smaller 

cue is further away.  Furthermore, the visual perspective (given in the previous example) 

should make size differences appear more significant—thus large cues are extremely 

obvious when close by.  Second to this, it would take mice several trials to start noticing that 

they can only tell size differences when observing both from the same distance, or by 

swimming between the two, in order to observe them close up.  It is suggested that mice 

may be trying this strategy, as they seem to spend most trials in approximately equal 

average distances from both cues—thus the failure to reach significance on most trials for 

measures that looked at differences between “distance to cues”.  Another measure that 

supports the idea mice may attend to large cues more at first, is that it took a significantly 

longer time to train mice to the smaller cues—VD5 and VD6.  In experiments training to the 

smaller cues, it was not until after trials 32 thru 36, that mice developed a significant 
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preference to remain in the smaller cue region—significance defined here as: at least 75% of 

the selected group of trials showing significance to a particular cue.  Thus, post trial 32, 

training trials show a majority of the preference being significant and towards the smaller 

cue region.  On the other hand, trainings to the larger cues develop this significance after 

only 9 trials.  Post trial 9, mice showed correct significant durations (>75% of trials) for the 

larger trained regions.  Thus, statistically, it is observed that mice have this natural 

inclination to remain in the larger region at first—and especially when trained to it. 

 Third, even prior to forming duration preferences, mice show significant initial 

entries into the incorrect regions via the “latency to cue region” measures—for all 

experiments.  Incorrect regions would either be larger or smaller, depending on which they 

were being trained to.  Initially, this does not seem simple to account for, and in fact, 

appears in conflict with the data for duration measures—considering mice choices for 

duration develop long after the latency does, and are routinely opposite of the latency 

preferences.  It would be believed that if mice were acquiring correct duration measures 

later on, that the latency to cues would also shift at that time towards the correct cue 

regions.  This does not appear to be happening.  What is amazing about this measure is that, 

it was the first clear suggestion that mice may not be choosing fully on the appropriate 

rules.   

 When analyzing choices using the “Quadrant Code Method”, it can actually be 

observed that mice are making stereotypical swim patterns—or using a praxis strategy.  This 

strategy occurs prior to the development of preferences where mice remain mostly in the 

correct cue regions (during training trials)—as observed by the latency-to cue measure.  The 

following is an account of how swim patterns such as these were noted.  When looking at 
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quadrant codes for training trials—and the setup for trainings—it was noted that on 

average, a smaller cue for any given new trial, would not appear in the same relative 

quadrant that it was in on the previous trial.  Furthermore, because training trials would 

frequently swap sides that the cues were on (i.e., say trial one had the smaller cue on a 

relative “left” quadrant, and the larger on a relative “right” quadrant; the next trial would 

often swap sides—regardless of if the cues were more towards the front or back of the 

pool).  Once mice began associating the cues with the platforms, it appears that they had a 

preference of going more frequently towards the previous trials escape region –relative to 

mouse release point—as a first choice.  This sort of preference is similar to “turning habits”, 

as mentioned by Douglas et al. (2006).  Naturally, if this was inherent in the way cues were 

constantly changing—and relative to the mouse perspective—it makes sense that this trend 

would develop.  However, when considering VD7 and VD8—in which mice only made “left” 

or “right” choices  to the furthest quadrants—it does not make sense that this trend still 

developed (assuming they were learning the rules).  In those experiments, the chance that 

the platform was on any given side is always 50%, and furthermore, trials did not regularly 

switch back and forth.  For this reason, it is suggested that mice have a natural inclination to 

use both praxis and taxis strategies when two cues are available—i.e., either of the cues act 

to influence a taxis strategy (“escape platform is under a cue”), while mice rely on 

knowledge of the previous platform location to make a praxis-like decision (“turn left”, as 

that was the last escape location).  Simultaneously, the strategy appears to be influenced 

under novel circumstances (i.e., probes) by the difference between cue sizes (i.e., larger 

cues become more prominent and were attended to most in novel cases).  Although 

measures for relative choice decisions were not statistically analyzed during VD1 thru VD6—
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due to lack of time—it has been tested via VD7 and VD8.  In those experiments, left and 

right choices were analyzed and compared by charting the data, and then comparing 

choices with the previous trials platform location.  Preferences for the previous trial’s 

platform location appeared to match on approximately 75% or more of the trials.  As for 

experiments 1 thru 6, it would be a large task to normalize the data and analyze relative 

directional choices, but it is still possible to go back and assess the data statistically—

perhaps for future analysis.  Something to note, is that relative directional analysis (using 

quadrant codes) has been done in some of the probe trials, and appeared significant.  Going 

back to VD6, it was already observed that directional choices (influenced by the previous 

trial’s relative escape location) may have occurred for the first two probe types (A & B) and 

for both groups (G1 and G2). 

 So how does the previous explanation account for probe results?  It was observed 

that probe results often contrasted training trial preferences for duration.  Probe trials 

appear to be presenting unique features from the trainings due to the presentation of novel 

stimuli.   Up until VD4 (larger cue trainings), the probe trials matched in results with the 

training trials.  In those trials, the probe presentations were of novel extra large cues.  Then, 

from VD5 thru VD8 (smaller cue trainings), it is observed that the duration preferences—for 

correct regions—which is seen in trainings, disappear for the probes.  Furthermore, not only 

does it disappear, but now mice prefer to remain around the incorrect cue during most of 

these probes—either significant with this trend, or insignificant, but still showing an 

incorrect preference.  It is believed that probe trials have presented a better picture of the 

knowledge mice obtained, and that they are not actually getting the task—or at least not 

capable of extrapolating it onto new cues.  Furthermore, it is believed that mice revert to a 
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strategy of choosing larger cues over smaller cues, when faced with new cues.  Latency 

measures do not revert back to an opposite preference (from duration) during probes, 

because they reflect the natural inclination to use a praxis strategy—going to the previous 

platform location first.  It is believed that the cue types themselves actually have an 

interacting effect with preferences of attending to the previous trial’s relative platform 

location.  Novel cues present mice with new choices, and in making a choice they revert to 

larger size preferences.  If cues are not located in the previous trial’s exact relative quadrant, 

C57BL/6J mice tend to choose based on whether it was in a “left” or “right” direction.  

Furthermore, VD7 & VD8 probes highly support the idea of their being an interaction.   

 In both experiments VD7 & VD8, the ML group (M/L trainings, with S/M probes) 

showed significantly less preference—or insignificant duration—compared to the SM group 

(S/M trainings, with M/L probes).  The reason this is important, is that there was much less 

of a difference between the M/L pairings for size, than there were for the S/M pair.  

Remember, the “M” and “L” cues, were actually the “L” and “XL” cues (respectively) from 

previous experiments.  Mice in the SM group were trained to recognize large differences in 

size, while the ML group was trained to discriminate finer differences.   

 Thus, the most obvious explanation for why the ML group may have failed to show a 

preference is that, the novel XS cue presented a different conflict from the SM group.  To 

the ML group, an XS cue may actually make the relative “M” cue, appear as if it were the “L” 

that they had been trained to avoid—i.e., the gap between sizes suddenly increased, and 

they would have to remember the exact size of the “L” cue to know that the “M” one, was 

not that.  However, it is reminded that larger cues, appear to naturally pull a preference for 

mice choices when in conflict.  So perhaps for the SM group, there is just less of a conflict.  
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Suddenly being presented with two similarly larger cues (M/L), makes fine differences that 

are much harder to recognize for this group—as they were never trained to discriminate 

fine differences.  SM mice may revert to the larger size preference, merely for the fact they 

failed to grasp the relative size associations that were essential to good performance.  

Furthermore, the fact that there is a difference between both groups in both experiments is 

highly indicative of size trainings creating the difference—and not a praxis strategy.  For 

VD8, each group was split in half, such that some were presented with the smaller cue on 

the left side, and others with that cue on the right.  If mice were using a purely praxis 

strategy—attending to the previous trainings escape platform—results for the probe would 

not be significant for both groups.  Even more so, both groups showed a strong preference 

to go to the smaller cue first—and this actually makes sense.  Considering that the smaller 

cues were the only familiar sizes for both groups, it is natural that they would attend to 

them first.  Furthermore, it should be realized that that although mice attended to the 

relatively “smaller” cues first during these probes, they are actually the “larger” cues that 

mice were frequently attending to during trainings—incorrectly at that.  Latency was in fact, 

the only significant measure during training trials—so it should strongly suggest the mice 

recognized these cues first and followed in accordance with previous preferences.  This 

leads up to the final step mice may be making. 

 All considering, it is still not clear what the exact significance of duration 

preferences during trainings are.  Obviously, latency measures are more related to a praxis 

strategy, than the duration measures are.  So, based on the performance measures—where 

trainings reach greater than 75% success for duration—are mice really grasping that smaller 

sizes equate to the escape platform?  Based on the success rate, but failures to extrapolate 
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the relative size information, it is believed that perhaps mice are implicitly learning the 

rules—during trainings.  The failure to show similar trends during novel probes, suggests 

something else is interfering with this knowledge.  Perhaps mice preferences for novelty—

and the inclination to go to larger cues—can interfere with learning relative size 

information.  Furthermore, what if implicit knowledge gained, were only accessible when 

the task is exactly the same?  

 Consider experiments VD7 & VD8.  In these tasks, we were incapable of building 

preferences towards the smaller cues.  What happened?  In these two experiments, 

everything was simplified.  Although it would be believed that mice are more easily trained 

to this type of setup, previous research suggests otherwise.  Taking from research on “easy” 

versus “difficult tasks” (Brigman & Rothblat, 2008; Bussey, Muir, Everit, and Robbins, 1997; 

McDonald, Foon, Ray, Rizos, Hong, 1997), it has previously been observed that rodents 

perform better when stimuli differ by more than one dimension—a “difficult” task.  

Experiments 1 thru 6, were definitely in this category—cues differed in location, colors, and 

size pairings.  On the flip-side of the coin, VD6 & 7 were “easy” tasks—they contained the 

same exact cue pairing for every trial and cues appeared in only one of two locations.  There 

was less information available in the easy tasks, and mice possibly could not assess that 

“size” was the only important variable—thus praxis strategies became even stronger in 

these trials.  Furthermore, when we attempted to perform error corrections—making mice 

redo the same trial until a correct choice was made—the results were disastrous (so to 

speak).  Occasionally, in some of those trials, particular mice would require as many as 50 

EC’s before finally changing their initial directional preference to a quadrant.  In odd cases 

such as those, mice would have to be given a long break and moved on to the next trial in 



  112  
  

order to prevent exhaustion.  Apparently, trying to allow a mouse to make an alternative 

choice (and even trying to guide them to the correct one) only appeared to strengthen the 

praxis strategy of making relative directional choices based on the previous escape 

location—at least in the water maze.  Papers that discuss the effects of stress on mice, 

appear to support this outcome as well (D’Hooge & De Deyn).   

 The last question that remains (related to the last paragraph)—and possibly the 

most significant in all of this—why were mice not capable of equating the same exact cue in 

VD7 & VD8, with the platform region?   Although it was discussed that “easy” tasks may 

actually be harder, why couldn’t mice just recognize the same exact object—presented 

some 60+ times, with the platform?  Those experiments did not involve multiple cues, and 

mice were presented with the same two size pairings again and again.  If mice are fully 

capable of object recognition, why did they not associate that object with the platform?  It is 

definitely observed that the mice have preferences to the object regions (more so than 

regions where no objects appear).  But are they visually incapable of seeing the details of 

those objects and relying on luminance alone?  Although we could not prevent luminance 

from affecting results (due to using 3-D objects suspended over the water, and having 

different sizes), we attempt to correct for this in VD8, by using solid black cues.  

Furthermore, as thoroughly mentioned in the background discussion C57BL mice are 

considered to have better vision and task capabilities than several other strains of mice 

(Brown & Wong, 2007).  Despite years of research demonstrating that mice have object 

recognition capabilities—perhaps similar to humans—a recent paper by Minini & Jeffery has 

also questioned whether mice fully recognize objects in the same way that humans do 

(2006).  This paper found that mice were not capable of recognizing “shape”, and suggested 
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that perhaps mice are using only the lower hemifield of their vision to discriminate objects.  

In order to prevent this from being an issue, we had lowered objects even more on the last 

experiment (VD8)—to be sure they were appearing in visual significant areas.  Interestingly 

enough, research that used floor patterns on radial mazes found that although mice 

eventually became quicker at solving the task, they frequently entered more arms than 

were baited—suggesting poor performance (Passino & Ammassari-Teule, 1999).  In an 

account where mice cannot recognize “shape” or certain visual patterns—as distinct 

objects—it would make sense that they entered unbaited arms.  Under this assumption, 

unbaited arm patterns may be being confused for other arm patterns that were routinely 

baited.  How can years of research on the subject ignore something so profound?  Perhaps 

rats are better suited for these tasks, and since most of the research has used rats until 

recently, it may have been overlooked. 

 Although not directly related to the behavioral task performed, brain research 

studies were discussed in the background section.  If neuroscience is to determine the 

reason for results seen in this experiment, it should be narrowed down where to start.  At 

the most basic level—neurochemicals—AMPA and GABA receptors appear to regulate 

learning in general and are related to associative processes.  Although LTP is a lab 

phenomenon, it has been linked to learning in general.  Specific neurotransmitters have 

been found to be more involved in certain tasks than others, however, there are no direct 

links to any one transmitter for any particular task.  Thus, studying at the level of 

neurotransmitters appears too basic to be considered at the moment.  Alternatively, looking 

at specific brain regions and how they may be functioning with one another, does appear a 

good start.  Previous research has associated the striatum (a primarily dopaminergic system) 
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with habitual responses—such as “turn left” or “turn right” (Eagle, Humbry, Demmette, and 

Robins, 1999).  More specifically, the dorsal striatum has been related to sensorimotor 

control (habits), while the ventral striatum more related to motivation and reward 

behaviors.  These two regions would appear highly related to the choices that mice are 

making.  Amygdala involvement would come into play during habituation to the water 

maze, and in particular during EC trials.  It was observed that when trying to correct mice, 

they became highly stressed, and this increasingly created stereotyped and/or habitual 

responses.  It is possible that there are relations to head direction and place cells of the 

thalamus and hippocampus, though this would appear to be on a general level—perhaps 

during early learning.  Later on, once mice begin to associate specific cues to the platform, it 

should be seen that specific visual association areas become more involved.  Although this 

paper will not discuss the details of visual processes, it is suggested that the failure to 

recognize specific objects occurs in the middle to late stages of visual association (i.e., in 

humans, early stages may be considered areas V1 and V2—simple processing for “lines” and 

“line orientation”).  Thus, it is presumed that there would be a breakdown/absence of 

object information processing, somewhere between the visual association areas and the 

striatum (such that the stereotyped behaviors do not shift towards the correct cue regions 

as novel stimuli is presented).  Alternatively, perhaps specific areas fail to allow mice the 

flexibility to shift strategies when novel stimuli are presented, despite an ability to recognize 

the objects themselves.  There is much room for discussion.   

 In summary, although mice appear to develop preferences for trainings, they do not 

appear to correctly extrapolate this information during novel probes.  Novel stimuli may 

present conflicts for various reasons, but most importantly, it would suggest that mice 
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cannot utilize relative size differences from objects to make future correct choices.  When 

novel stimuli are presented, mice may use previously recognized cue sizes to make initial 

choices (i.e., they go to the object they previously attended to during trainings).  

Furthermore, the development of these trends appears to be based on a praxis strategy in 

which the previous trial’s platform location is associated with the current trials cue—based 

on relative quadrants, not absolute locations.  When initial choices fail to present the 

correct choice, mice waiver in their decision but primarily seek near the vicinity of larger 

objects.   The absolute difference between cue sizes that mice are trained to, can further 

affect the significance in their results.  When all cues are suddenly removed from the pool (a 

probe in VD8) mice preferences appear to revert to the praxis strategy—and they attend 

primarily to the previous trials relative escape platform location—as they have no cue to 

base a choice on.  Duration preferences appear to be capable of building up—possibly as 

implicit knowledge—though any changes on experimental setup will alter preferences.  In 

particular, training setup is highly important.  Creating an “easy” task—where stimuli differ 

in only one dimension—may actually hinder learning; as where creating a task where stimuli 

differ on multiple dimensions may assist this.  It is highly important to avoid stressing 

animals out (and perhaps avoiding EC’s for the water maze task) as this appeared to 

strengthen incorrect choices and a praxis strategy.  While last, but certainly not least, it has 

come to attention that mice may not be capable of recognizing “shapes”, “objects”, or 

perhaps even discerning between specific visual patterns.  

  Future research should be dedicated to understanding the visual processes of mice 

better, and determining if rats are better suited to this task.  In order to understand the 

brain regions involved in making visual discriminations, it will first have to be determined to 
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what degree mice are capable of comprehending objects.  Furthermore, this study holds 

significant value to brain research using mice as models—in that, if mice are not capable of 

discriminating specific visual differences (or at least associating them to rewards) then the 

assumptions made by previous research in this area may no longer hold true.  Beyond this, 

what can already be applied to current research is that mice do show strong preferences 

regardless.  Most of their decisions appear to be made based on a praxis strategy, however, 

that strategy is dynamic—based on the cues presented and the trainings given.  Considering 

that we used male mice—and males show stronger advantages for spatial learning—

perhaps female mice would make different choices ( i.e., see McElroy & Korol, 2005)?  

Furthermore, future studies should consider the effect that cue size does already have.  

Mice showed a natural preference to head towards the largest object in novel probe trials.  

In studies of object recognition—where mice show duration preferences for novel objects—

it would also be important to consider object size differences when assessing these duration 

times.  It is not clear why previous studies using visual water boxes are better suited for 

training to the appropriate patterns, but it is possible that free exploration creates more 

room for errors.  Furthermore, visual box tasks use two dimensional black and white 

displays, as opposed to three-dimensional objects.  Perhaps a similar task should be 

performed in a water box to compare results, or an LCD screen version of this task used for 

the water maze.  In conclusion, although mice may not be “insane”, they certainly maintain 

the same strategies over and over again—despite this not working so well.  Perhaps next 

time the experimenters will be quicker to recognize these strategies for themselves.  
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APPENDIX A: 

Rules for Quadrant Coding: A method for normalizing all trials to a common 
starting point 

Rules for Quadrant Coding (Uses a “South” starting point, as the absolute reference point): 

** Designate the starting/release locations: 1=North(N), 2=East(E), 3=South(S), 4=West(W). 
Quadrants DO NOT follow standard Cartesian coordinate system** 
 ** Instead designate 1=NW, 2=NE, 3=SW, 4=SE. 
 
Then, perform the following conversions based on starting/release point: 

If Release Point = 1 (North) 
**Convert... (Using the polar opposite on a number line 1-4).. 2.5 being midline. 
Quad 1 = 4 (As if SE) 
Quad 2 = 3 (As if SW) 
Quad 3 = 2 (As if NE) 
Quad 4 = 1 (As if NW) 
 

If Release Point = 2 (East): 
Q1 = 2 (As if NE)  
Q2 = 4 (As if SE)  
Q3 = 1 (As if NW)  
Q4 = 3 (As if SW)  
 
If Release Point = 3 (South): 
**Use the literal translation, since Quad codes are based on viewing from a “South” 
absolute reference point:  
i.e., (SmallCueQuadrantLocation#, LargeCueQuadrantLocation#) 
 
If Release Point = 4 (West): 
Q1 = 3 (As if SW)  
Q2 = 1 (As if NW)  
Q3 = 4 (As if SE)  
Q4 = 2 (As if NE)  
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APPENDIX B:  

Summary of Experiments 1 thru 6 

 

**All tasks utilized five(5) ‘absolute’ object sizes labeled:  
Extra-Small (XS), Small(S), Medium(M), Large(L), & Extra-Large(XL) 

 

**EXPERIMENTS #1 thru 4 all have a probe size of Extra Large in 
which mice never saw that size before: 
 
Visual Discrimination(VD) Experiment #1 (Trials 1 thru 21) – “The largest of blues…”:   

  
 TASK: Mice were presented with relatively "small" (S) vs. "large" (L) objects in a task similar to Morris water 

maze. 
 OBJECT TYPES: A single type of object (Blue Cubes – ” object). 
 TRAININGS: Trained to XS/M & S/L pairings  

 
 PLATFORM PLACEMENT: Always under the relatively LARGEST object. 
 PROBE Day (1): Trained mice for four(4) trials initially, and on the fifth trial introduced the PROBE.  

Probe was and "Extra Large" (XL) cue that mice had never seen before. 
  
Hypothesis/Thoughts: If mice learned that the platform was always under the relatively larger object, they 
would have a preference for the extra large object that they had never seen prior. 
RESULTS: Preference for larger object based on shorter latency times for the larger-object platform region 
(fewer mice went under the small object first).  
        
        
 VD Experiment #2  & 3 (Trials 1 thru 19/2.19) – “Newer Cues… No More Blues” and “Of Devils & Penguins 
One (I)”: 
  

 TASK: Utilized NEW MICE: Similar setup as VD#1.  
Started with new mice for VD#2 & continued to use the same group of mice for  VD#3.   

 
 VD #2 is “Newer Cues… No More Blues”:  (Tracks 2.01 thru 2.19) 
 VD#3 is D&P II:   (Tracks 3.01 thru 3.11) -- Utilized the same mice from VD#2 

 
 OBJECT TYPES: Two types of similar shape objects-- Russian “Matryoshka” nesting dolls. 

o 1: Black Penguins 
o 2: Red Devils 

**Either Black penguins were presented in one session (“1 Day”) or Red Devils in another session.  The two 
pairs were never mixed together on the same session (with the exception of the PROBE in which one red and 
one black cue were presented simultaneously, for both VD#2 & #3). 

 
 SIZE PAIRINGS USED: 
 Mice in VD#2, were trained to the XS/M & S/L pairings. 
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 Mice in VD#3 (after VD#2) were introduced to S/L & XS/M training pairs.  Wanted to compare this to the 

previous results in VD#1. 
 

 TRAININGS:  Absolute size pairings varied each trial (see above).  
Object types presented:      
 
VD#2, One type of object was presented each day (Alternating, Red one day/ Black the next day). 
 were varied over the days (2 different types of objects this time). 
 
VD#3,  On Day, 1: Devil; Day 2: Penguin; Day 3, trained to Penguin. Probe, looking @ effect of Red 
Probe(Devil). 
 

 PLATFORM PLACEMENT: Always under the relatively LARGEST object. 
 

 PROBE Day (VD#2): Trained mice for two (2) trials on probe day, and on the third presented the PROBE.   
 
Probes  used were as follows: 
 

o (M) Black Penguin: SW corner, RELATIVE LEFT SIDE 
o  (XL) Red Devil: NW corner, RELATIVE RIGHT SIDE 

 
 2.17 & 2.18:  were TRAININGS on the probe day (All BLACK Penguins) 
 2.19:   we presented the PROBE (Small Cue Black – Extra Large Cue Red) 

 
 PROBE Day (VD#3): 

 
 3.09 & 3.10:  were TRAININGS on the probe day (All BLACK Penguins) 
 3.11:   we presented the PROBE (Small Cue Black – Extra Large Cue Red) 

   
Hypothesis/Thoughts VD#2:  

Interest in if mice could discriminate size when DIFFERENT object types were used during training. (I.e., 
Utilized same trial setups as in Exp#1, but each day we alternated object type from Black Penguins to 
Red Devils).  

Hypothesis/Thoughts VD#3:  

Continued interest in if mice could discriminate size when DIFFERENT object types were used during 
training. (I.e., Utilized same trial setups as in Exp#1, but each day we alternated object type from Black 
Penguins to Red Devils). 

 

RESULTS VD#2 & 3: Similar to previous experiments—results suggested cue color was NOT affecting the mice 
choices.  WE STILL However were finding MIXED RESULTS on this task in that many mice go under the smaller 
object first prior to landing on larger platform (on probe day). RESULTS Similar to Exp #1. 
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VD Experiment #4 “Of Devils & Penguins Two (II) --  (22 Trainings/ 3 Probes & 1 ‘Pilot probe’):  
 

 TASK: Utilized NEW MICE.  SIMILAR TO EXP#3, BUT CONFIRMING “COLOR” Preference isn’t involved.  
 NE W ASPECT: During training, rather than using 1 cue type per day, we started mixing different cue types for 

each trial as the training progressed– but always used ONLY ONE SPECIFIC cue type during that trial (Either 
Black or Red, but NOT both simultaneously—until probe).  

 OBJECT TYPES: Two types of similar shape objects-- Russian “Matryoshka” nesting dolls. 
o 1: Black Penguins 
o 2: Red Devils 

 
 TRAININGS: 

Sessions 1 thru 4 (Trials 1-16):   Trained only to one cue color each day (Either red or black) 
Session 5 (Trials 16-20):   Pseudo-randomly alternated colors trial to trial; (both Red or both Black)  
 (In order, 16-20: Red, Black, Black, & Red).  
 

 PLATFORM PLACEMENT: Always under the relatively LARGEST object. 
 PROBE Day (1): Trainings on ALL probe days involved (2) trials (Both to RED Penguin). 

 On the third trial we presented the PROBE: Cue color changed for each condition on probe.  
Two groups of mice:  POST(18.1 thru 19.4) & PRE (20.1 thru 25.4) 
  
 

 
Probe “A” (Day1): Trial 21 Mice: POST-18.1 thru 19.4 Cues:   
 Trial 22 
 Probe 23   M Red, XL RED 
  
Probe “B1” (Day1): Trial 21 Mice: PRE-20.1 thru 25.1 - 25.4  Cues: 
 Trial 22             
 Probe 23  M Red, XL BLACK 
 
 
Probe  “B2” (Day2): Trial 24 Mice: 18.1 thru 19.4  Cues:  
 Trial 25 
 Trial 26    M Red, XL BLACK 

  
 
PROBE PILOT TEST: Following probe 1, tested condition B1 mice to see if preference in size persisted for a never 
before seen object (Blue Cubes – ” object).   
 

 
Pilot Test (Day 1): Trial 24 Mice: PRE: 20.1 thru 20.4        Cues:  Blue cube  
                    

 
   

For the pilot experiment, mice still showed a minor preference based on size; suggesting they could carry this 
training information over to other objects.  
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VD Experiment #5 - “The Smallville Experiment”:  
 TASK: Utilized NEW MICE: Started training the same as Exp4, but added on training trials for several days 

longer. 
 NEW ASPECT: PLATFORM PLACEMENT IS NOW REVERSED FOR SIZE!!! (Under Smallest cue only) 
 OBJECT TYPES: Two types of similar shape objects-- Russian “Matryoshka” nesting dolls. 

o 1: Black Penguins 
o 2: Red Devils 

 
 

 TRAININGS: 
Sessions 1 thru 4 (Trials 1-16): Trained only to one cue color each day (Either red or black). 
Sessions 5 thru 7 (Trials 17-28): Pseudo-randomly alternated colors trial to trial; (both cues Red or both Black). 
Sessions 8 (Trials 29-31):  Training trials 29 & 30,  All RED; 
  PROBE trial 31 exposed mice to both cue colors simultaneously. 
 

 PLATFORM PLACEMENT: Always under the relatively SMALLEST object. 
 PROBE Day: Trained mice for two (2) trials that day, and on the third (trial 31) introduced(PROBE using the 

following: 
o (XS) Black Penguin & (M) Red Devil 
o Unlike previous experiments, we removed the platform on probe day and observed 

quadrant behavior for 60 seconds of swim time.   
o Used black probe since already showed that color does not appear to be shifting 

preference. 
   

Hypothesis/Thoughts: Mice can be trained to small object similar to large. We utilized a black cue for the smaller 
object since various studies suggest mice have a harder time seeing the color red.  Despite that our previous 
studies indicate capability to see the large red objects, we were concerned an extra small red one may propose a 
problem).  

By removing the “hidden platform” on probe day, we could observe both initial & later zone preferences (1) 
platform entry/latency times into a zone; and 2) the overall zone preferences based on swimming/seek time in 
particular zones).  

RESULTS: Not only did the mice take 2 to 3 days longer during training before latency times reached asymptotic 
levels; but on probe day there was a preference for larger objects (based on longer latency times for entry into 
small-object platform region, a shorter latency on entry time for larger-object platform regions, and a closer 
average distance to the larger cue during probe. Mice also lingered longer in the quadrant where large object 
was.  
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VD Experiment #6 - “Mighty Meese” (AKA: When will they just give up!?!?!?!):  
 TASK: Same mice as VD#5 previously. Gave them two-weeks off between this experiment and last one. We 

then restarted training similar to prior experiment, but this time gave 14/15 days of training (in addition to the 
trainings from VD#5 where they had 8 days of training--including probe day). 

 Including the trainings from VD#5, these mice had a total of 22 sessions (“days”) training to theSmall cue. 
 

 TRAINED:  
Trained all mice in groups of 5 sessions & then gave them 1 day of “no training” before starting the next   
group of sessions. 
 

               **Thus there were 3 groups of 5 sessions, and 2 days of “no training” in between: Equaling 15 sessions. 
 
 PROBE 1 (Day 1): Trained mice for one (1) trial (Trial #57) .  On the second (2) trial (Trial #58) we removed the 
platform and presented the appropriate PROBE condition.   
 

o Probe #1 (Trial 58):  Split Conditions (Black Penguins only): 
    Condition 1.1 : XS & M Pairing 
    Condition 1.2 : M & XL Pairing 

 
After Probe #1 (and in the same session): 
 We retrained the mice by placing a platform back under the small cue for two (2) trials (.   
**This was to prevent extinction of preferences before we followed up with another probe. 
   
Hypothesis/Thoughts (Probe#1): It was believed because mice in Exp 5 took longer to reach asymptotic levels 
while being trained to the small cue platform; perhaps this was a harder task and they needed more training time 
(thus the 15 additional trainings these mice received).   

We were also concerned that the Medium cue size (which can act as both a relative “small” or relative “large” 
cue size) was creating ambiguity for the mice (Note that in Experiment 5, we had paired XS with M as a probe).  
Thus we used a split condition with XS/M  and M/XL pairings.  This would allow us to observe how mice treat the 
“ambiguous” Medium size cue when it is paired with a smaller or a larger sized cue.  

 PROBE 2 (Day 2):  1.1 & 1.2 now tested for “opposite-size pairings” ( and checking if ‘order’ that probe pairings 
are presented significantly affects results.  

**Same training/probe style as Probe day #1, but now mice are observing the opposite-sized pair, unseen in 
Probe#1. 

o Probe #2 (Trial 62): Split Conditions (Black Penguins only): 
    2.1 / (mice from Condition 1.1):    M & XL Pairing  
    2.2 / (mice from Condition 1.2):    XS & M Pairing  

 
 
  (Day 3):  NO PROBE: 

 
 **Gave one full session (4 trials) of trainings – retraining mice to small cue before giving the 
next series of probes. 
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 PROBE 3 (Day 4):  Trained for 2 trials, presented probe on 3rd, and then retrained on the 4th trial.  
 

o Probe #3: Black Penguins:   ALL MICE -- L & XL Size Pairings.  
 

Hypothesis/Thoughts: Wanted to confirm that there was no confusion between L & XL Sizes (i.e., Perhaps mice 
cannot differentiate between two similarly sized pairings).  If mice were confusing the L cue, for the XL cue, it 
would make sense that they still go under the XL size EVEN THOUGH IT NEVER ONCE WAS USED AS A RELATIVELY 
“SMALL” OBJECT.  The Large object on the other-hand, HAD been used in trainings a few times as a “smaller” 
object” (relative to XL).   
 
 
 PROBE 4 & 5 (Day 5): Trained for 1 trial & then immediately presented PROBE #4.  After that, mice were 

given a short break and then presented with PROBE #5. 
 

o Probe #4: Blue  cubes:   ALL MICE -- S & L  Size Pairings. 
 

o Probe #5: Black Penguins:   XS & XL  Size Pairings. 
 

Hypothesis/Thoughts: Would size preference show up for objects never before seen & after being familiar with 
the cprobe testing-procedure? (removal of platform).  What would be the preference for two objects which 
ALWAYS had an absolute value during training (absolute small vs absolute large).  
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APPENDIX C: 

Plots Showing Consistent Latency Preferences 

Figure 11. VD1: Latency to Platform Region
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  Figure 12.  VD2: Latency to Platform Region
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Figure 13.  VD3: Latency to PlatformRegion
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Figure 14.  VD4: Latency to Platform Region
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Figure 15.  VD5: Latency to Platform Region
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Figure 16.  VD6: Latency to Platform Region
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Figure 17.  VD7: Latency to Platform Region
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Figure 18: VD 8: Latency to Platform Region
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Figure 19. 
VD7: Duration Preference comparison -- for various time intervals during probe 
**Suggests strongest preferences are in the first 15 seconds to 30 seconds** 
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Figure 20: VD1: Escape Latency
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Figure 21: VD2: Escape Latency
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Figure 22: VD3: Escape Latency
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Figure 23: VD4: Escape Latency
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Figure 24: VD5: Escape Latency
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Figure 25: VD6: Escape Latency 



  140  
  

  

Figure 26: VD7: Escape Latency
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Figure 27: VD8: Escape Latency
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Figure 28:   
VD7: Comparison of LEFT/RIGHT choices v.s. Larger Cue Latency Preferences 
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APPENDIX D: 

General Breakdown of All Results 

 

VD1 (Cubes): 

Trainings 
Duration:  Correct 
Latency: Incorrect (small)-insignificant (~41-50%), but building up 
Distance: insig. 
 
PROBES (XL Cube): 
Duration: Correct 
Latency: Incorrect (smaller) 
Distance: Insig. 
 
 
 
VD2 (Maryshka- XS/M & M/S; Black/Red Alternating by session): 
 
Trainings 
* Duration: 72-75% correct 
Latency:  83-100% incorrect (smaller)  
Distance: Insig 
 
PROBES  (smaller Red DEVIL/larger black PENG): 
**BLACK PENGS shown just prior to probe. 
 
General Results: 
Duration: Correct 
Latency: Incorrect (smaller) -- Went to the location of previous training trial. 
Distance: Correct 
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VD3 --Changed cues each trial: 
 
Trainings 
Duration: 80% correct (NEAR sign); while there were 0 significant trials to the incorrect region (sign.) 
Latency: 90% incorrect; sign. (smaller) 
Distance: Insig 
 
PROBES (smaller Red DEVIL/larger black PENG: 
**BLACK PENGS shown just prior to probe. 
 
Duration: Correct (sig) 
Latency: Incorrect (sig) 
Distance: Correct (near sig, p=.052) 
 

 
VD4 (Trained to everything Maryshka-changed cues each trial): 
 
Trainings 
Duration: 76-80% Correct (sig) 
Latency: 76% to 80% Incorrect-both region & quad (sig) 
Distance: insig 
 
PROBES: 
 
General Results (For all 3 groups) 
Duration: Correct region (sign. difference between groups). 
Latency: Incorrect region (sign. difference between groups) 
Distance: Incorrect region (sign. difference between groups) 
 
Probe Type A (All Black cues) 
**Pretraining Quad Code: 3.1  Probe Quad Code: 1.2** 
 
Duration: Correct--region & quad (sig) 
Latency: Insig. 
Distance: Insig 
 
Probe Type B1 (All Black cues) 
**Pretraining Quad Code: 3.1  Probe Quad Code: 1.2** 
 
Duration: Correct--region & quad (sig) 
Latency: Incorrect (sig). – May have 1st gone to relative quad 1; then large cue next. 
Distance: Correct (sig) 
 
 
Probe Type B2 (Differed from ) 
**Pretraining Quad Code: 3.1  Probe Quad Code: 1.2** 
 
Duration: Correct--region & quad (sig) 
Latency: Incorrect (sig). 
Distance: Insig. --This differed only from B1. 
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Comparison of probe A vs VD3 probe: 
Duration: insig. 
Latency: Only difference--(though latency times for A failed to be significant on there own). 
Distance: insig. 
 
Comparison of probe B1 (XL DEVIL) vs VD3 (XL PENG) probe (found to be very similar to one another, 
but black PENG objects had a slightly higher mean avg): 
Duration:  Correct (sig) 
Latency: Incorrect (sig) 
Distance: Correct region & quad (sig) 
 
Comparison of CUBE probe (similar pattern to B1 and VD3): 
**Just prior was the probe B1--Quad code: 1.2); while CUBE probe had--Quad code: 2.1)** 
Duration: Correct--region & quad (sig) 
Latency: Insig. –Once again, the absence of the platform in previous location may have messed mice 
up some for this measure. They did stay longer around the larger region however.  Perhaps some used 
the previous location; while others chose based on larger size??  
Distance: Correct (sig) 
 
VD5 (Started Training to relative smaller cues): 
 
Trainings 
Duration: Insig; but building up (Began & 25% and ended w/ 58% by trials 19 thru 30) 
Latency:  83-91% Incorrect--Larger cue (sign.) 
Distance: Insig 
 
PROBES (XS PENG & M DEVIL) -- Started removing the platform & analyzing 60seconds of data): 
**Previous Training trial: Quad code 1.3;  Probe Trial: 2.1** Previous small, imagined to be in the 
large quad. 
 
Duration: Incorrect--Larger cue REGION & QUAD (sign.) 
Latency: Incorrect--Larger cue REGION (insig; p=.096); but, Correct for Smaller cue QUAD (sign.; 
p=.001) 
Distance: Incorrect--Larger cue (sign) 
 
 
VD6: 
 
Trainings 
Duration: Trials 1 thru 36 (up to 58% correct; insig);  Trials 37 thru 73 (~90% correct; sign.) 
Latency: (~83% correct; sign. – rises quicker than duration). 
Distance: insig. 
 
PROBES:  
 
Probe A (S/M PENG) == pre-trainings are mixed 2.4 & 3.1 ; Probe trainings are:2.1 
 
Duration: Incorrect (Larger cue-sign.) 
Latency: Incorrect (Larger cue-insig. P=.233) 
Distance: Incorrect (Larger cue-sign.) 
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Probe B (M/XL PENG) == pre-trainings are mixed 2.4 & 3.1 
 
Duration: Incorrect (Larger cue-sign.) 
Latency: Incorrect (Larger cue-sign.) 
Distance: Incorrect (Larger cue-sign.) 
 
Group G1  
**Probe A 1st :      Pre-probe training Day 1 -- 2.4 ; Probe training: 2.1 
**Then probe B :   Pre-probe training Day 2 --  3.1;  Probe training 2.1 
(In Probe A, smaller cue was in same quad as training; but Probe B, larger cue in same quad) 
Duration: Incorrect (Larger cue-sign.) 
Latency: Incorrect (Larger cue-sign.) 
Distance: Incorrect (Larger cue-sign.) 
 
Group G2  
**Probe B 1st :    Pre-probe training Day 1 --  2.4 ; Probe training: 2.1 
**Then probe A :  Pre-probe training Day 2 --  3.1;  Probe training 2.1 
(In Probe A, smaller cue was in same quad as training; but Probe B, larger cue in same quad) 
 
Duration: Incorrect (Larger cue-sign.) 
Latency: Incorrect (Larger cue-insig., p=.782) 
Distance: Incorrect (Larger cue-sign.) 
 
GROUP & PROBE Analysis:  It’s quite possible we see mixed significance on latency due to Day1 & 
Day2 having different pre-training trials.  If some of the mice were choosing based on previous 
training trial, they wouldn’t guess correctly or incorrectly on both days. One day they’d guess 
correct, and the other day they’d guess incorrectly.  
 
 
Probe 3 (L/XL PENG) 
** Pre-probe training: 2.4 ; Probe training: 1.2 
 
Duration: Incorrect (Larger cue-insign.) 
Latency: Incorrect (Larger cue-sign.p=.001)  **Suggests mice went first to previous platform 
location; but due to insignificance it’s quite possible that the fact both cues were near to each other 
in size conflicted in their choices** 
Distance: Correct (smaller cue-insig.) 
 
 
Probe 4 (XS/XL novel CUBE object) 
** Pre-probe training: 1.3 ; Probe training: 1.2 
 
Duration: Incorrect (Larger cue-insign.) 
Latency: Correct (insig., p=.104) **Once again insignificant; Extreme large size could have conflicted 
with choices or the fact that pre-training trial was for a different novel type of object?? 
Distance: Incorrect (Larger cue-insign.) 
 
Probe 5 (XS/XL PENG) 
** Pre-probe training: 1.2 ; Probe training: 2.1 
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Duration: Incorrect (Larger cue-insign.) 
Latency: Correct (sign., p=.004) **Significant: Extreme large size does not appear to be conflicting 
with choices, but the fact that previous trial had no platform and a larger object in the relative 
quadrant 1, may have affected preference towards this region for probe. 
Distance: Incorrect (Larger cue-insign.) 
 
 
 
VD7 (Trainings: SM=S/M;  ML=M/L): 
 
Duration: 18% Correct; Insig. 
Latency: Incorrect (Larger cue; sign.)  Start out high real fast (91%); then Lowered as training 
continued (75%).   
Distance: Insig. 
 
PROBES: **No major group differences indicated in ANOVA;  
 ** but SM was sign. for correct quadrant duration, while ML wasn’t sign.** 
 
Duration: Incorrect (sign. for SM; ML insign.) As a group, sign. 
Latency:  Correct (sign.) 
Distance: Incorrect (Larger cue; near sign) 
 
 
VD8 (Trainings: SM=S/M;  ML=M/L): 
 
 
Duration:  8 to 15% correct; (insign.) 
Latency:  Incorrect 94% of time (sign.) **The more that we attempted Error Corrections the stronger 
this measure got in time.  
Distance: More towards incorrect region; (27%; insig.) 
 
PROBES : ANOVA found no sign. difference between groups SM (M/L) & ML (S/M) & NONE (no 
cues):   (Pre-probe training; Quad Code, 2.1 – Probe trainings; mixed 1.2 & 2.1 quad codes): 
 
All Probe Groups pooled together: 
 
Duration: Sign. preference of remaining in the NE region.  
**Suggests they went to the previous platform location. 
 
NO PROBES: 
Duration: Mainly in NE region—the previous training trial’s platform location; (near sign. p=.067) 
Latency:   
Distance: 
 
SM PROBE(Trained to S/M; Probed with M/L): 
 
Duration: Insig. for either cue size 
**However, they had a sign. preference for the NE region over the NW (Prev. trainings platform 
location). 
Latency: Smaller cue first (sign.) 
Distance:  
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ML PROBE (Trained to M/L; Probed with S/M):. 
Duration: Insign. 
**Failed to show a sign. preference for either NE or NW. 
Latency: Smaller cue first (sign.) 
Distance: 
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