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RESEARCH STATEMENT
I see my research more as an extension of my teaching than as research in the traditional sense.  I feel that training students in the lab is just another form of teaching, and one that can have important implications for students (e.g., valuable research experience for graduate or medical school).  

Starting as a graduate student and continuing into my time at Randolph College, I have made a concerted effort to involve as many undergraduates in my research program as possible.  Learning to think critically by working through the scientific method helps to create a student who more fully understands what psychology is all about.  This is one of the most gratifying aspects of my job; there is nothing more exhilarating than watching a student go through these stages and become excited when they realize they have “discovered” something that no one else has discovered before. 

My research employs novel behavioral techniques, neuroscience, and pharmacology to examine the neural and behavioral components of three intimately connected areas: (1) spatial learning and memory, (2) protein synthesis inhibition, and (3) recovery of memory.  I will briefly describe some background information for these three areas and touch on a few of the studies we have carried out in my lab.  Much more information about my research, including lab projects, conference presentations, and plans for future studies can be found on my website at http://faculty.randolphcollege.edu/ggotthard.  
Spatial Learning and Memory

Spatial learning and memory research is concerned with how organisms seek out and find important locations in their environments (e.g., humans finding the grocery store or animals finding food in the wild).  I examine this issue by utilizing a new task I have developed, called the sand maze (Gotthard, 2006).  Several tasks have been designed to examine spatial cognition in animals (e.g., Olton & Papas, 1979; Morris, 1981; Kesner, Farnsworth, & Kametani, 1991).  Of these, probably the most extensively used is the Morris water maze (Morris, 1981).  The Morris water maze requires rats to locate a hidden platform in a pool of opaque water.  Rodents quickly learn to swim to the hidden platform in order to escape from the water, and they seem to do this by using extramaze cues (e.g., pictures on the walls, the experimenter’s position in the room, and light gradients on the walls).
The Morris water maze has been an invaluable tool in spatial learning and memory research, partly because it provides a high source of motivation (i.e., animals are highly motivated to escape from the water onto the platform).  However, one potential problem with the Morris water maze is its aversive nature.  It has been suggested that the aversive water maze may lead to increased stress responses and altered response strategies (Whishaw & Pasztor, 2000).  These alterations in responding may provide a picture of spatial learning and memory that reflects an aversive motivational system as well as spatial cognition. 
The new task I have developed, the sand maze, is an appetitive spatial task, which takes advantage of the natural foraging behaviors of rats by requiring them to locate buried cereal rewards (i.e., Froot Loops cereal) in a pool of sand.  This task is virtually identical to the Morris water maze, except it is appetitively, rather than aversively, motivated. 
My two primary objectives when working with this task have been to systematically examine the necessary parameters for the task (i.e., What are the most effective training procedures in this task?), and to examine the neural aspects of spatial learning and memory associated with this task (i.e., What is going on in the brain when an animal is searching for food in the maze?).  
My dissertation and much subsequent research (both at Randolph College and Carleton College) have revolved around the first objective.  Along with the help of numerous undergraduate research assistants, I have conducted a number of studies examining the parameters of this task (please see Curriculum Vita for a list of Student/Faculty Research Collaborations).  Examples of some of the basic behavioral studies we have conducted using the sand maze include massed versus distributed training (Hanson & Riccio, 2002), differences in reinforcer salience, learning and recall in the sand maze versus the water maze (Gotthard & Hamid, 2004), alternation behavior (Anderson et al., 2003; Gotthard et al., 2003), partial versus continuous reinforcement, and extinction.  The culmination of much of this work was recently published in a chapter about the sand maze that was included in a book on learning and memory tasks (Gotthard, 2006).  The parameters of this task are finally to a point where I feel that we can use the task to examine more of the neural (in addition to the behavioral) components of spatial learning and memory.  Plans for the 2007-2008 academic year involve the use of the sand maze to examine the effects of reminder treatments following protein synthesis inhibition in the sand maze (see sections on “protein synthesis inhibition” and “recovery of memory” below).     

Protein Synthesis Inhibition

Most of my previous behavioral neuroscience research involved lesion work with rats (e.g., Hanson, Bunsey, and Riccio, 2002).  And while lesion work is tremendously interesting and important, it is also extremely time consuming and often expensive to conduct (depending on the facilities and equipment at your disposal).  Because of these limitations, I have turned my attention more to the pharmacological side of behavior, but would be excited at the opportunity to train students on lesion techniques, if the resources were available.  There are currently a number of pharmacological manipulations that produce effects similar to brain lesions, but are much less expensive to use.  I have chosen to focus on protein synthesis inhibitors as a tool for inexpensively and efficiently manipulating encoding processes in the brain. 
In recent years, it has become clear that the ability to form some types of new long-term memories is reliant on protein synthesis.  Stated simply, without protein synthesis, organisms may not be able to acquire some types of new memories.  Much research has shown that the administration of protein synthesis inhibitors blocks the formation of new fear memories (e.g., Nader, Schafe, & LeDoux, 2000).  In fact, most of the research in this area has focused on the acquisition of fear responses or on tasks that require animals to respond under aversive conditions (e.g., in the water maze).  

Considering the fact that aversive tasks produce additional areas of activation in the brain (specifically, the amygdala, which is important for emotional information), it seems critical that the effects of protein synthesis be examined under less aversive circumstances (e.g., with the sand maze).  It has been shown numerous times that emotional memories are remembered better than less emotionally salient memories (e.g., McGaugh, 2000), so it stands to reason that reducing the emotional salience of a situation may also alter the effects of protein synthesis inhibition on performance.
Specifically, my students and I have been conducting studies examining the effects of protein synthesis inhibition on extinction in appetitive tasks.  Extinction is the process whereby organisms learn to make a new response because the previously-reinforced response is no longer reinforced.  Many researchers still consider extinction to be a form of “unlearning”.  I subscribe to a different viewpoint and see extinction more as a form of new learning.  That is, learning to make a new response that entails not responding to something that is no longer reinforcing, not simply forgetting the response was ever reinforced.  A small number of studies have examined the effects of protein synthesis inhibition on extinction (Lattal & Abel, 2001; Suzuki, et al., 2004); however, the results have been mixed and have been conducted with aversive tasks (e.g., fear conditioning and the water maze).  We have been using the protein synthesis inhibitor cycloheximide to examine the disruption of extinction in an appetitive odor discrimination task (i.e., Bunsey digging task).  Several students have conducted studies using this paradigm and have presented our findings at psychology and neuroscience conferences (Knoppel et al., 2007; Linderman et al., 2006). I am excited to continue this work on extinction and protein synthesis inhibition with the Bunsey digging task and extend it to studies with the sand maze.   

Recovery of Memory

Most of the literature points to the impossibility of memory recovery; stating that if a memory was disrupted and “lost” during original learning or even during reconsolidation of old learning, then it is lost forever.  However, there is a growing body of literature (including my own work – Hanson, Bunsey, & Riccio, 2002) that indicates even seemingly “lost” memories can be recovered with the right retrieval cues.  The Hanson et al. (2002) study examined the use of reminder cues on recall following perirhinal/entorhinal (PRER) lesions, fornix lesions, or sham lesions.  We found that even the severely impaired PRER-lesioned rats could remember if given a reminder cue.  Several subsequent studies in my lab have used reminder treatments to aid in the recall of seemingly lost memory following pharmacological manipulations, rather than brain lesions (Knoppel et al., 2007; Linderman et al., 2006; Smith & Gotthard, 2006; Smith & Gotthard, 2005).  
Returning an organism to a “state” that was present during initial acquisition is one form of a reminder treatment (often referred to as state dependent retention).  A series of studies in my lab examined the effects of a synthetic cannabinoid (WIN-55-212-2) on spatial learning and memory in the sand maze and found some state dependent retention effects (e.g., Smith & Gotthard, 2005).  Meaning, rats remembered the correct area in the maze better when they were in the same internal “state” during training and testing (i.e., rats given WIN-55-212-2 during training and testing had higher quadrant preference scores than rats given WIN during training, but not testing).  Other projects in my lab have used non-pharmacological reminder treatments (e.g., re-exposure to the training environment). In one study (Knoppel et al., 2007), rats were trained on odor discriminations and given cycloheximide during extinction training.  During testing, rats were re-exposed to the training context and then tested for their recall of extinction.  We will continue examining the effects of reminder treatments following protein synthesis inhibition in appetitive learning tasks in the coming year.  As mentioned above, we will use an environmental reinstatement following cycloheximide administration in the sand maze.     
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