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This project investigated the benefits and costs of cueing on memory. Participants were shown images, some of which were cued as especially important to remember, in encoding blocks. The percentage of images cued changed from 20% to 50% between blocks. After each encoding block participants entered a test block in which participants were shown some repeated and some novel images. Participants were then asked if they had or had not seen the image previously and for a confidence level of 60%, 80% or 100%. We predicted that the accuracy of and confidence level of participants would depend on the percentage of images that were cued in the encoding block. Results showed an increase in cueing costs, through a decrease in participants’ accuracy and confidence, when more than 20% of the images were cued during encoding blocks. 












	
		If I tell you to remember something particularly important on command, can you do it? People seem to think it is possible to do this, as it is common in educational settings to have a teacher tell their students that pieces of information will be particularly important for an upcoming quiz or exam.  If it is possible to remember one piece of information better than other information, does remembering that piece of information particularly well hurt your memory for other things you might also need to remember? These basic questions guide the present study of human memory. 
		In the laboratory, we indicate that a stimulus is particularly important to remember through the use of a cue, with a cue simply being a signal that marks a certain stimulus as important (Posner & Cohen, 1984). In the present study, we examined the potential for an optimal cueing percentage where cueing stimuli as important to remember resulted in better memory for those items when tested later (i.e., benefits), with little costs, or decrease in memory for the uncued items.
		A previous experiment in my laboratory appears to show a cueing benefit along with a cost for uncued items in terms of participants’ ability to remember items later when tested (Fukuda, Sundby & Woodman, in preparation). However, several questions remained. First, if it is possible to remember information better when cued, then can we just cue everything as important and improve memory for all the information we present? Alternatively, there may be a capacity limit to this ability. For example, if you need to enhance the memory storage for just one item that might result in a large improvement in memory for that item. However, this improvement may decrease the more items you need to enhance. Second, it is possible that the benefits of enhancing your memory for certain items might not result in symmetric costs for the uncued items. Perhaps the gain in memory that we see when cueing a specific item is not as large as the impairment in memory for the uncued items, compared to conditions in which all the items are uncued.  Understanding these memory effects has important practical significance. For example, the use of cueing to improve memory could be utilized in the classroom, for children with learning disorders, and to create optimal training programs in a wide variety of settings. 
		Centuries of research has examined how we learn information (Bugelski, 1956). Ebbinghaus (1885/1913) showed that repeatedly studying material was one way to enhance memory for things people want to learn. Craik and Lockhart (1972) showed that focusing on the meaning of stimuli, instead of their low-level perceptual characteristics, improves memory for those stimuli. More recently, Carretti, Borella and De Beni (2006) have found that memory training can improve human memory and Andrews et al (2011) have found that stimulation of the brain can also improve memory. This research shares a goal of finding ways in which we can improve human memory because people seek techniques that they can use to both help themselves remember important items and to better teach items to others. However, until Maxcey-Richard and Hollingworth (2013) no one had looked at trying to improve memory for pictures of specific household objects with cues because the majority of memory research had been performed with words and verbal stimuli. In this paper, the authors cued specific visual stimuli and interleaved these cued items with items of lesser importance, simulating how information is presented in educational settings.
	Maxcey-Richard and Hollingworth (2013) had participants view objects and cued one of the objects as important to remember. The cues were two differently pitched tones. One pitch signified that an item was “to be remembered” and another pitch served as a baseline. Next, participants were shown a token item, an item that was the same as or an item that appeared similar to either a cued or uncued item. Participants had to indicate if the token image was the same image they had seen. Superior memory of the cued items would suggest an ability to retain information in visual working memory (VWM) based on prioritization. Other parts of the study focused on the deprioritization effect where an object was cued and then a second object was cued as more important. In the latter part of the study results showed a slight trend for memory of the first item falling below the memory of baseline objects. These results suggest the possibility of a cueing cost. Overall, findings showed that participants were better at making token discrimination judgments about cued objects than about deprioritized objects or uncued objects. This study shows clear benefits to cueing but also suggests costs. We are left to question are there significant costs to cueing and if so, where are these costs seen? And, how can we maximize benefits while reducing costs. 
		In a first step to understanding this cueing effect, Fukuda, Sundby and Woodman (in preparation) used a memory task in which certain pictures of real-world objects were cued. There were four different types of cues, a black baseline cue which was presented 70% of the time, a colored “Remember” high priority cue presented 10% of the time, a colored “Not Remember” negative priority cue presented 10% of the time and a colored baseline cue presented another 10% of the time (Figure 1). The colors of the high priority, negative priority and colored baseline cue were counterbalanced among trials to ensure no unintended reactions to cues due to their specific colors. Subjects viewed 800 pictures through a series of eight blocks. After each block, subjects were tested on their memory by pressing buttons on a game controller to indicate whether they saw an image before and how confident they were that they did or did not see that image previously (60%, 80% or 100% confident). It was found that images cued with the “Remember” cue were remembered with high confidence (80% or 100% confidence) more than others. Results suggest that there was an effect of the novelty of each colored cue compared to the baseline, but also that the “Remember” cue had a significant positive cueing effect due to its status as a high priority cue.  

		Fukuda, Sundby and Woodman (in prep) went on to study the potential for a maximum capacity cueing effect through cueing every image presented to participants as high priority. This study was set up very similarly to the experiment just mentioned. However, in this study, there were two types of cues, a black baseline cue and a green high priority cue. Within the study, blocks either portrayed the green cue 0% of the time or 100% of the time. Block rate comparison t-tests showed no significant difference in memory accuracy or confident levels between blocks. These results suggest that when all images in a block are cued, the cueing effect is lost since accuracy and confidence levels for blocks where all images were cued reflect results from blocks where no images were cued. 
		Although the experiments discussed above suggest that it is possible to enhance memory for certain pieces of information at a cost to others, the potential limits of cueing are not clear. We see that a cueing percentage of 100 does not lead to either a positive or negative cueing effect. So, cueing does appear to improve memory as long as cues are not given too often. However, we question how often is too often? What would the effects be of a cueing percentage of 20 or 50, for example? The goal of my experiment was to understand the nature of potential costs to cueing that go along with the benefits of enhancing certain memories, specifically in terms of benefits and costs. In this study a negative-cueing effect was tested with two types of cues, a black baseline cue and a green high priority cue presented at different percentages through each encoding block. It seems possible that through studying participants’ recall during different blocks we can determine what percentage of cued images lead to the best results in memory of both cued and uncued images, or an optimal cueing percentage with maximum benefits and minimal costs.  
Methods
Participants	
	 Thirty-two male and female students, between the ages of 18 and 22, attending Vanderbilt University undergraduate or graduate school were tested for this study. Two of these participants were excluded; one participant was excluded due to incompletion of the study and the other participant was excluded due to an admitted failure to follow instructions during part of the study.
Measures	
	Images were presented in a MATLAB program on a computer screen in front of participants. Participants responded to images on the screen with buttons on a game controller. The images came from a database created by Brady, Konkle, Alvarez and Olivia (2008) (Appendix A). We recorded participants’ response to identifying repeated or novel images in addition to the accuracy of these responses. We also measured a rating of participants’ confidence in their responses on a scale of 60%, 80% or 100% confident. All statistical analyses were performed in MATLAB. Informed consent was obtained and either class credit or monetary payment was issued to participants.
Design	
	The purpose of this study was to observe the cueing effect, as measured by a difference in the accuracy in recognition and confidence levels for cued images and uncued images. The independent variable in this study is the color of the fixation point, that appears prior to each image on the screen. The fixation point will be green, cueing an image as high-priority 20% of the time or 50% of the time between encoding blocks (Figure 2). The dependent variables are how well participants can remember the different images in terms of their accuracy (have they or have they not seen the image before) and their confidence level (how sure are they that they did or did not see the image).
Procedure	
	The study consisted of encoding blocks and test blocks. Prior to the commencement of the experiment participants will be instructed to try and remember all the images that appear on the screen, but to try extra hard to remember images that follow a green rather than a black fixation point. In the encoding blocks, each participant will see a fixation point followed by a picture on the screen in front of them 120 times for each of 8 encoding blocks (Appendix B). Each image will be displayed for 250 milliseconds. 
	After each encoding block, there will be a test block which consists of a memory test. During the memory test participants will see a black fixation point followed by an image. While some images displayed will have been shown during the previous encoding phase others will be novel images. After each image participants will then be prompted to rate how confident they are that they had seen or had not seen the displayed image. During this test block participants will view 90 images and after each image they will have the option of pressing one of six buttons for their response, one button if they are 100% confident they saw an image, another if 80% confident, and another if 60% confident, with the same options for if participants believe they did not see the image. 

Results
		The two dependent variables, accuracy and confidence level of both the 20% cued blocks and 50% cued blocks were studied through a single metric, which combined the two, entitled memory strength. Memory strength was created through a Receiver Operating Characteristic (ROC) curve. The ROC curve summarizes the memory strength distribution as a function of subjective confidence level and accuracy. This is a more holistic measure of memory that sweeps across all levels of memory confidence. The mean confidence levels of participants’ can be seen through the ROC curve in Fig. 3. The axes of this curve represent the cumulative proportion of the six confidence levels participants could select. This curve shows how participants had more accurate results when they rated themselves as 100% confident versus 80% or 60% confident. This effect decreased as more images were cued in the 50% cued blocks versus in the 20% cued blocks. 
In Figure 4 we used the area under the ROC curve (AUC) as a single-metric measure of memory strength to better display results. Results show a higher AUC (and ROC) for cued images in both the 20% blocks and 50% blocks. In the 20% block the uncued AUC (and ROC) results were lower than the cued results representing a decrease in memory strength. In the 80% block the uncued AUC (and ROC) results were also lower than the cued results. Comparing the AUC (and ROC) uncued of 20% blocks and 50% blocks there is a decrease in AUC (and ROC) results for uncued of 50% blocks. A similar decrease is seen comparing the results for the cued images of the 20% cued blocks and 50% cued blocks. 
Cueing Benefits T-Tests
In order to understand the significance of these results t-tests were used. T-tests compared the AUC of each of the four types of cues: uncued 20% cued blocks, cued 20% cued blocks, uncued 50% cued blocks, and cued 50% cued blocks. First, we found a cueing effect in the 20% cued blocks through a comparison of the AUC of cued images and uncued images (t(29) = 3.17, p < .01). Secondly, we found a cueing effect in the 50% cued blocks through a comparison of the AUC of cued images and uncued imaged (t(29) = 2.17, p < .05). These findings replicate previous behavioral work (Maxcey-Richard & Hollingworth, 2013 and Fukuda, Sundby, & Woodman, in prep), demonstrating that participants remembered the cued object better than the uncued objects. 
Cueing Costs T-Tests
We went on to study the differences in the cueing effect for each type of block. This was done through t-tests comparing the AUC of the cued of each type of block and the uncued of each type of block. It was found that the cued objects in the 20% cued blocks had a significantly higher AUC than the cued in the 50% cued blocks (t (29) = 4.13, p < .001). A similar significant effect was found regarding the uncued objects in the 20% cued blocks and the uncued in the 50% cued blocks (t (29) = 3.33, p < .01). Results support our predictions of cueing benefits and costs changing with the probability of cued images.  
Discussion
		In order to study what cueing percentage between 0 and 100% was optimal we studied the cueing benefits and costs of blocks with two cueing percentages: 20% and 50%. We were looking to find which cueing percentage would have the most benefits and the lowest costs. We saw a significant cueing effect in the 20% blocks. In these blocks it could be seen that participant’s memory for cued images was higher than that for uncued images. We believe this showed a cueing benefit through an increase in memory for the cued images.
		Interestingly with the 50% high priority cued blocks we also saw a significant cueing effect, but for what appears to be a different reason. This significant cueing effect seems to be primarily driven by a cost in memory performance for uncued images, as overall memory performance was lower in the 50% cued blocks. In fact, the performance for cued images in the 50% trial mirrored that of uncued images in the 20% trial, which shows a comparable decrease in overall performance. Essentially we saw an equivalent cueing effect, higher memory for cued images, in both 20% and 50% cue conditions but the 50% cue “bump” is largely due to a decrease in performance for the uncued images rather than an increase in performance for the cued images.
		Another interesting result comes from looking at our ROC. In blocks with 20% of the images cued, we see more accurate results when participants rated themselves as 100% confident. These confident results suggest that previously seen images may have been recalled. However, this effect decreased when 50% of images were cued. When more images were cued participants were less likely to be highly confident and accurate in their responses. This suggests that participants are recognizing imaging versus recalling seeing them. Therefore, we believe that through increasing the percentage of cued images cueing may not affect recognition as much as recollection. 
		Limitations of this study include the small sample size of students at an elite university which both may lead to an unrepresentative sample. The length of the experiment may also have led to fatigue in participant’s which could negatively affect results. Overall, we found significant results that lend themselves to potential future directions. Questions to consider include: Does the optimal cueing percentage lie between 20% and 50%? Can we eliminate or lessen cueing cost? Are these effects truly relatable to everyday life scenarios? 
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Figure Captions
Figure 1. This image represents an example of color coding for each of four types of cues. The colors were counterbalanced among trials. The numbers within parenthesis represent the percentage of images that were followed by each cue during each block.  
Figure 2. This image represents color coding for both types of cues. The percentage of green cues was either 20%, or 50% each block.
Figure 3. The mean memory strength of participants’ can be seen through the ROC curve. The axes of this curve represent the cumulative proportion of the six confidence levels participants could select. For the x axis, cumulative correct rejection proportion, 0 represents those who were correct in their selection of 100% confident that they did not see an image, .2 represents the latter in addition to those who selected 80% confident and .4 represents the latter in addition to those who selected 60% confident. Similarly, the y axis, cumulative hit proportion, moves from .6 to .9. The rejection proportion refers to correct responses stating that the image was not shown previously, novel. The hit proportion refers to correct responses stating that the image was shown in the encoding phase. Results show the greatest memory strength for cued images in trails where 20% of images were cued. Error bars represent the standard error of the mean.
Figure 4. The area under the ROC curve (AUC) was used as a single-metric measure of memory strength. A higher AUC represents greater memory strength. The first graph shows the difference in memory strength of the uncued and cued in blocks where 20% of images were cued. The second graph shows the difference in memory strength of the uncued and cued in blocks where 80% of images were cued. Results show the greatest memory strength for cued images in trails where 20% of images were cued. Error bars represent the standard error of the mean. 
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