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Abstract
	
This project investigated the differences in reaction times between recognition of objects by feelings of familiarity and recognition of objects through direct recollection. Participants were shown images in a study phase, and shown them again in a test phase along with novel images. They were then asked to provide a rating of recognition confidence rating on a scale of 1 to 5. We predicted that reaction times would decrease as certainty of recognition or no recognition increased, and that items presented for a longer amount of time in the study phase would have faster reaction times and higher confidence ratings. Results showed that reaction times did decrease for items presented for longer amounts of time in the study phase. Confidence ratings increased significantly as item presentation length in the study phase increased, following the predicted trend of increased confidence ratings with decreased reaction times for stimuli viewed longer in the study phase. A surprising finding of diverging accuracy in two of the exposure conditions was also found. 












Research in multiple disciplines investigates the barriers between models and categorizations. Are classifications strictly discrete, or do they change on a gradual level? While this question can be used to analyze a broad range of subjects, we are interested in applying it to the study of human memory – specifically the differentiation between familiarity and recognition as components of recognition of stimuli. A priming effect can be used to analyze this shift in recognition as stimuli are presented at gradual amount of time.
Priming, a component of implicit memory, is defined as the exposure to one stimulus affecting the response to another stimulus. Using behavioral data, priming can be measured as a decrease in reaction time when performing a task with previously viewed stimuli. Neurologically, priming is indicated by reduced neural responses to repeated stimuli – a phenomenon referred to as “repetition suppression.” These reductions in both reaction time and neural activity suggest that repeated exposure to a stimulus allows for more efficient processing (Desimone, 1996). In some cases, the neural activity associated with priming can be seen through implicit memory tasks even in the absence of significant changes in behavioral data. For example, a study by Hertz and colleagues (1994) sought to correlate an ERP component called “visual memory potential” (VMP) with behavioral results from implicit and explicit memory. To do this, they used face stimuli to find repetition effects as they related to recognition. The findings indicated that there was a significantly smaller VMP when presented with a repeated face as opposed to a novel face. This effect occurred in both the implicit task (identify an object as a face or a scramble of faces) and the explicit task (identify a face or scramble as followed by a face or scramble). Although this effect was more pronounced for the explicit task, it still occurred for the implicit task. The effect was observed despite the lack of significant reaction time decreases in the recognition task. These results are an indication of neural activity as a result of priming that does not necessarily lead to a measureable behavioral outcome. 
Additional studies such as those reviewed by Rugg & Curran (2007) have been performed to locate the neural indicators of priming, both spatially and temporally. Evidence from these studies suggests that differing neural processes indicate two forms of recognition. Familiarity is a type of recognition that is fast, automatic, and thought to be associated with implicit memory. Recollection, however is described as conscious and effortful memory recollection and associated with explicit memory. In their study, Ranganath and colleagues’ (2004) aim was to understand the effects of encoding within medial temporal lobe (MTL) subregions on subsequent instances of familiarity and recollection using fMRI techniques. The findings showed that encoding in a region in the left rhinal cortex predicted recognition by familiarity and encoding in the hippocampus and parahippocampal cortex predicted recollection. Subsequent familiarity-based recognition and recollection effects were also found to have different locations for encoding in the prefrontal cortex (PFC). Both results suggest that familiarity and recollection are dependent on differing locations of encoding processes in MTL regions, further supporting the dissociation of familiarity and recollection as forms of recognition.
Another study sought to determine neuroanatomical regions in which priming of a visual object task could be shown using fMRI procedure (Koutstaal et al., 2001). The authors were particularly interested in the differences between a task in which the same stimulus was presented and in which a different exemplar was presented (an item that has the same classification as the first item, but different perceptual features). They also proposed, based on previous research, that the right fusiform cortex would show fewer reductions in neural activity due to priming for different exemplars than would the left fusiform cortex. This would suggest that the right fusiform cortex processes more specific visual information than the left side. Results showed priming-related, neural-activity reduction in multiple frontal regions associated with accessing and working with semantics of items as well as in higher-order visual areas in posterior regions of the brain. The study also found support for the hypothesis that priming effects would be less evident in the right fusiform cortex.
Not all studies investigating the separation of these categories of recognition have looked at spatial distributions. Others have used temporal data to measure distinct neural correlates of repetition effects on memory processing. Some evidence predicted that the repetition effects of conceptual and perceptual priming would occur in different locations and different times after presentation of a stimulus. Conceptual priming effects were proposed to be found as repetition effects in the FN400 brain potentials between 300-500ms after presentation of the stimulus, whereas perceptual priming effects were proposed to be seen earlier than this in areas associated with visual processing. Voss and colleagues (2010) proposed that conceptual priming would occur with “meaningful” stimuli, that is, stimuli that were given with higher meaningfulness ratings by the participant. The results gave evidence that conceptual and perceptual priming differ in timing and location of repetition effects. Perceptual priming was found earlier in frontopolar P170, where conceptual priming was found later in FN400. The authors relate their findings to an ongoing debate over the association of FN400 potentials and familiarity, arguing that their evidence could support conceptual priming as the effect associated with FN400 potentials, not familiarity. 
A phenomenon within this body of research of particular interest to this project is recognition-without-identification. In their study, Ko and colleagues (2013) proposed that recognition-without-identification for pictures would have the same early negative N300 ERP effects for old and new items over the occipital area that are linked with implicit recognition. In contrast, they predicted that recognition-with-identification for pictures would have the same early positive FN400 ERP effects for old and new items over mid-frontal areas that are linked with familiarity. Their results supported these hypotheses as well as provided evidence that recognition-without-identification of pictures uses both perceptual and conceptual information while maintaining unawareness of retrieval. 
Most of the previous research that has been conducted in an effort to differentiate recollection and familiarity has treated recognition as separated into discrete categories. However, the study by Ranganath and colleagues (2004) made use of a continuous rating of recognition confidence that provided a more gradated measure than simply recognized or not recognized. This rating system allowed the researchers to correlate confidence of recognition ratings with brain activity measured through fMRI. 
The literature reviewed, be it experiments or review papers, all provide methods and evidence for localization of various memory processes, with an emphasis on the differentiation between implicit and explicit memory. Using, ERP, fMRI, and behavioral data, this body of research seeks to understand the physiological basis for observed behavioral data such as faster reaction times due to priming and implicit, unconscious, recognition of information. While most of the studies discussed in detail consist of attempts to correlate specific structures or ERP components to cognitive models, most of these correlations do not present the possibility of familiarity as consisting of a continuous range. It is interesting to consider the varying confidence levels of participant’s recall memory (Ranganath et al., 2004), and consider a threshold at which explicit recognition can be measured. It is important not only to understand that familiarity and recollection are processed differently, but to also understand how that difference is occurring. In short, this project investigated if there are differing behavioral trends and recognition confidence reports at gradual levels of stimulus presentation for both previously seen stimuli and novel stimuli. 
Methods
Participants
	 Twelve participants[footnoteRef:1] were recruited as students at Vanderbilt University, and were between the ages of 18 and 23. [1:  Data from twelve additional participants was collected, but a programming error in the code of the experiment prohibited analysis. The data presented here was collected from participants after this error was corrected.] 

Measures
	We recorded reaction times in response to identifying repeated or novel stimuli in addition to the accuracy of participants’ responses. We also measured a rating of recognition confidence on a scale of 1 to 5 and the participants’ reactions times for confidence ratings. Participants were instructed to select 1 if they were extremely not confident in their answer and 5 if they were absolutely confident in their answer. They were also instructed to select the appropriate number between 1 and 5 if their confidence was in between these categories. 
Design
The purpose of this study was to observe priming effects as measured by reaction times for repeated stimuli as compared to novel stimuli. After a priming effect was found, the independent variable was the number of milliseconds between the image presentation and the mask, and the dependent variable is the distribution of reaction times, accuracy, confidence ratings, and confidence rating reaction time responses. 
Procedure
	The study consisted of a study phase and a test phase. In the study phase, the participant was presented with an image followed by a multicolor, pixelated mask and asked to identify if the image is edible. This question is to ensure that the participant attended to each image. The time interval between the image and the mask changed randomly throughout each block and consisted of intervals of 22 ms and 44 ms. In each study phase, forty-eight images were presented. In the test phase, the participant was presented with half previously viewed stimuli and half novel stimuli, a total of ninety-six images, and asked whether he or she had seen this image before. Reaction times, accuracy, confidence ratings, and confidence rating reaction time responses were recorded.
Results
	The four dependent variables, reaction time, accuracy, confidence rating, and confidence rating reaction times response were compared within their respective categories for significant differences in the three independent variable conditions. These conditions were the time between image presentation and mask presentation and consisted of novel image, 22 ms, and 44 ms. A univariate repeated-measures ANOVA was used to analyze each grouping for significance. For the measures that showed significance in Mauchly’s Test of Sphericity, the Greenhouse-Geisser correction was used. 
Reaction Times
Reaction times were found to be significantly different between conditions (F=31.163, p. Pairwise comparisons between conditions were analyzed post-hoc using Fishers Least Significant Difference Test and found significant differences between all independent variable categories (p. This significant reduction in reaction times with an increase in stimulus presentation time is consistent with the hypothesis.
 
Figure 1. Reaction times for responses for novel items, items seen for 22 ms in the study phase, and items seen for 44 ms in the study phase. Error bars represent the standard error of the mean.

Confidence Ratings
Confidence ratings were found to be significantly different between conditions (F=61.648, p. Pairwise comparisons between conditions were analyzed post-hoc using Fishers Least Significant Difference Test and found significant differences between all independent variable categories (p. This significant increase in Confidence Ratings with an increase in stimulus presentation time is consistent with the hypothesis.
 
Figure 2. Confidence Ratings for responses for novel items, items seen for 22 ms in the study phase, and items seen for 44 ms in the study phase. Error bars represent the standard error of the mean.

Accuracy
Accuracy was also found to be significantly different between conditions (F=38.021, p). Pairwise comparisons between conditions were analyzed post-hoc using Fishers Least Significant Difference Test and found significant differences between all independent variable categories (p. This significant decrease in accuracy in the 22 ms condition and subsequent increase in accuracy in the 44 ms condition was not consistent with the hypothesis of gradual increases in accuracy with increases in stimulus presentation time.

Figure 3. Accuracy for responses for novel items, items seen for 22 ms in the study phase, and items seen for 44 ms in the study phase. Error bars represent the standard error of the mean.

Confidence Rating Reaction Times
Confidence rating reaction times were also found to be significantly different between conditions (F=14.913, p. Pairwise comparisons between conditions were analyzed post-hoc using Fishers Least Significant Difference Test and found significant differences between all independent variable categories (p. This significant reduction in Confidence Rating Reaction Times with an increase in stimulus presentation time is consistent with the hypothesis.

Figure 4. Confidence response reaction times for responses for novel items, items seen for 22 ms in the study phase, and items seen for 44 ms in the study phase. Error bars represent the standard error of the mean.

Discussion
The data show a significant decrease in reaction times and significant increase in confidence ratings as stimulus presentation increased, as predicted in the hypothesis. These trends can be interpreted as a gradual priming effect seen in previous research (Hertz et al., 1994). However, an unexpected significant difference in accuracy was found. If a gradual priming effect was occurring, one would hypothesize that accuracy would increase as stimulus presentation time increased. Instead, we see a significant decrease in accuracy for recognition of stimuli viewed previously for 22 ms. There is a subsequent significant increase in accuracy for recognition of stimuli viewed previously for 44 ms. Accuracy for the 22 ms condition was not significantly above chance, while accuracy for the 44 ms condition showed ceiling effects. These results might be explained by interference in the accuracy in the 22 ms condition due to the participants’ viewing of the images for a very short amount of time. 
Here, we could be seeing evidence for a threshold for the amount of time a stimulus must be presented in order to elicit recognition, but not familiarity. Since the confidence ratings of participants in the 22 ms category increase significantly from novel items, some form of familiarity is being measured, even though accurate recognition is not occurring. Confidence ratings for the 44 ms condition were measured at 4.56 out of 5, and participants were instructed to use 5 to report items that they explicitly remembered seeing in the study phase. The confidence ratings for 44 ms are very close to the numerical representation of explicit recognition, further supporting the interpretation that the high level of accuracy and low reaction times of this category are driven by recollection. Therefore, evidence for both a gradual increase in familiarity with stimulus exposure and the existence of a threshold for recollection could be interpreted from this study. Further research using electrophysiological measurements could investigate the neural correlates of these behavioral data. 
A future experiment could analyze the effects of stimulus presentation at a wider range of time periods to further investigate the gradual trends found here. For example, a 33 ms condition could be added to find a more specific threshold for an increase in accuracy similar to the 44 ms condition. Overall, we conclude that the hypothesis was supported with decreasing reaction times and increasing confidence ratings as exposure to stimuli increased. 
Some limitations of this study include the relatively low sample size and the low number of edible stimuli available. A larger number of participants and a bigger resource of image stimuli could be helpful in increasing the number of trials in which to collect data. Still, the unexpected result of diverging accuracy results in the 22 ms and 44 ms conditions merits further investigation into its possible representation of a discrete differentiation between familiarity and recollection as processes of recognition. 
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