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ABSTRACT

This study seeks to investigate the effects of emotion on memory performance.  41 undergraduate Cornell University students participated in the study.  Subjects were given an emotion induction task that induced either positive or neutral moods by viewing and studying pictures of a particular emotional characterization controlled on both valence and arousal dimensions from the International Affective Picture System (IAPS).  To verify mood induction, the Positive Affect Negative Affect Scale (PANAS) was administered shortly before an immediate memory recognition task was given. One week later, subjects completed the PANAS again, and were thereafter given a delayed recognition test to measure the level of performance and degree of forgetting between session one and session two, as well as overall memory performance and types of changes.  Results indicate that on the immediate test, there was a significant type of test item effect since no participants incorrectly identified semantically related or unrelated distractors.  While there was no main effect of condition (emotion) on the immediate test, there was both a type of test item effect as well as a strong condition effect on the delayed recognition task.  Also in the delayed test, acceptance rates of targets decreased for all emotion conditions, but participants in the pleasant high arousal group showed greatest memory for targets relative to positive low arousal and lastly neutral individuals.  Finally, it was concluded that effects of forgetting on a delayed memory test could be attenuated by giving subjects an immediate memory test.

Remembering Emotional Pictures

With life comes a variety of both positive and negative experiences and relationships. We can all fondly reflect upon a positive event we hoped would never end as well as a time that was so upsetting we wished we could have avoided.  Think back to a pleasant memory, and try to remember as many details as you possibly can.  Taste the sweetness in the air, feel the crispness of the cold temperature on your skin, or remember the small beads of sweat dripping down your face as you hit the game-winning shot at the buzzer, for example.  Now, think of a negative time, excluding traumatic experiences, perhaps when a friend upset you.  Try to remember as much as possible--why were you so mad, and what did your friend do?  Many people, when answering these questions, experience the Pollyanna Effect; that is, they have better memory for the positive events than the negative ones (Matlin & Stang, 1978). In the case of your being mad, after time passes it is more difficult to remember the reasoning; yet, you know, you are absolutely certain, that you were so incredibly angry at one distal point.  You might remember the event in general-the fuzzy details; but, as time passes your memory for the specifics of that occurrence have faded.


Many of us are familiar with the phrase “looking at the past through rose colored glasses,” which suggests that memory has a preference for positive events (Bradley, Greenwald, Petry, & Lang, 1992).  On the same note, Sigmund Freud reverses this idea and proposes that we have degraded memory performance for negative events, excluding traumatic ones.  Our memory for traumatic events is inherently linked to the concept of flashbulb memory that suggests that we have enhanced memory with greater detail for longer periods of time for extremely shocking events (Bradley et al., 1992).  More specifically, since many people are often victims of rose-colored lenses, is it possible that when we reflect upon a positive experience or relationship, are we idealizing it?  Is it that our attention and memory are so focused on the positive details, that the negative ones fade and seem minute, thus forcing us to believe over time that this positive event is more pleasant than it truly was?  To investigate this idea, I began to research past studies regarding emotional memory.

Emotional Material

Emotions have two underlying dimensions: valence and arousal. Valence can be positive, negative, or neutral and is one’s evaluation of how pleasant or unpleasant a stimulus is (Mikels, Fredrickson, Larkin, Lindberg, & Lorenz, 2005).  This evaluation supplies the mind with intuitions or gist feelings by creating general impressions that are the most influential to our thoughts.  Arousal, is simply how exciting (or calming) the stimulus is (Rivers, Reyna, & Mills, 2008). 
Past Research

In the recognition memory literature, researchers emphasize the difference between distinctly remembering something clearly (recollection) and having memory based on a sense of familiarity.  Generally, investigators have found that emotional stimuli are in fact more often recognized than non-emotional stimuli; in other words, people are more inclined to process faster and more easily remember emotional, valenced items over neutral ones, regardless of their arousal constituent (Murphy & Isaacowitz, 2008). Valence effects might be due to the personal relevance valenced stimuli or to the fact that our cognitive systems are wired to detect emotional content (Anderson, 2005; Christianson, 1992; Williams, Matthews, & MacLeod, 1996).  This apparent better memory performance does not necessarily correlate with accuracy, however.  Occasionally, the brain perceives arousal as a cue of familiarity, thus leading participants to misattribute those feelings as remembering the event even when they are incorrect in doing so (Dougal & Rotello, 2007; Sharot, Delgado, & Phelps, 2004). Therefore, arousal cues can lead people to have false judgments of events because they believe they “remember” them but they are actually just experiencing familiarity (Storbeck & Clore, 2008). 
I was curious as to how differing levels of valence (pleasant or unpleasant) combined with this arousal element affect memory performance. In particular, I was interested in examining all five possible combinations of stimuli: 1. Positive valence, high arousal 2. Positive valence, low arousal 3.Neutral, non-emotional, non-arousing 4. Negative valence, high arousal 5. Negative valence, low arousal. If we manipulate and control for each combination, we can see the effects of the specific factors, either valence (positive or negative) or arousal (high or low).  If we look at false memory, we can get a deeper comprehension as to how valence affects memory in combination with arousal.  

False Memory

While correctly remembering and recognizing is more common, people are occasionally subject to false memories and memory distortion. In the realm of criminal trials, witnesses and victims at times misreport information.  During criminal investigations, these people are subject to providing information about people, objects, and events that were not truly present during the crime (Brainerd & Reyna, 2005).  Misreporting information of this type can lead investigations in wrong directions, can lead to the misinterpretation of evidence, can cause innocent people to be viewed as criminal suspects, can result in the false conviction of the innocent, and can allow the guilty to run rampant and reoffend (Brainerd & Reyna, 2005).
Moreover, false memory can be manifested in the form of phantom recollection (to be discussed later), as well as similarity judgment (incorrect acceptance of related distracters by processing that allows gist traces to make distractors’ meanings seem familiar), and response bias (acceptance of targets of related distracters on non-memorial processes) (Brainerd, Stein, Silveira, Rohenkohl, & Reyna, 2008; Budson, Todman, Chong, Adams, Kensinger, Krangel, & Wright 2006).  Fuzzy-Trace Theory (FTT) explains these varieties of memory distortion via assumptions about the different types of memory representations that the brain stores. 
Verbatim and Gist Traces

In FTT, memory performance is a function of the manner in which people process and store separate verbatim and gist traces of experience.  Verbatim traces are representations of a target’s surface content and are specific and true to the facts (Brainerd & Reyna, 2005).  On memory tests, retrieval of such traces induces a vivid remembering of experiences that occurred simultaneously with the target’s earlier presentation (Brainerd & Reyna, 2005). On the other hand, gist traces represent the semantic information; that is, they are interpretations of the meanings, relations, and patterns of the target (Brainerd & Reyna, 2005). The more similar targets are with regard to surface form, the more difficult it is to store distinctive verbatim traces.  The more similar meanings are of these similar surface form target items, the easier it is to store gist traces that bolster false-memory responses. For example, if you were to hear a list of words containing “hat, cat, mat, sat, fat, tat,” words which are all similar with regard to form, you will be predisposed to focus on the rhyming and the form, rather than the true, distinctiveness features of each word.   

People actually deposit meaning information about events, which are the foundation of gist traces, before they have even finished processing the surface form, the basis of verbatim traces.  This sequence of processing seems to support the idea that the memorial mechanism underlying false memories (gist traces) tends to be more available in the brain earlier than that for suppressing such types of memory (verbatim traces) (Brainerd & Reyna, 2005). Additionally, consolidation, the mechanism that determines which traces survive beyond the first few seconds and decides which memories are stored and solidified, has a preference for gist traces rather than verbatim ones. 

Moreover, according to FTT, when dissociated memory mechanisms act in accord, they augment true-memory responses and performance.  Conversely, when they act in opposition, they support false-memory responses.  For example, since the brain stores separate verbatim and gist records of experiences, there exists potential for discrepancies in the types of representations that will be accessed on memory tests (Brainerd & Reyna, 2004).  If verbatim traces are still accessible (survival rates of traces will be explained in next section), they should override, prevail against, and cause people to reject the opposing gist traces.  However, depending on other factors such as retrieval cues, certain memory probes can cause people to retrieve gist traces rather than verbatim ones, leading to false responses due to an incorrect reliance on gist memory.  

In particular, one way that verbatim traces oppose and reduce the incidence of false-memory responses is in the following manner:  although occasionally false-but-gist-consistent items provoke the retrieval of related verbatim traces, while actual, true, verbatim traces produce vivid mental states, a mismatch occurs.  However, the verbatim mismatches that arise serve as a veridical basis for correctly rejecting the specific distractor lures or probes in recognition and for suppressing intrusions in recall since they explain to your mind how never experienced events could still seem familiar: “I ate something at the game, but it wasn’t a hot dog because I distinctly remember eating a hamburger, and I had a soda at the game, but it wasn’t a Coke because I distinctly remember drinking 7-Up” (Brainerd & Reyna, 2005).  This phenomenon is called recollection rejection and explains how verbatim traces can suppress intrusions and reject false alarms by neutralizing the familiarity of these false but consistent gist items (Brainerd & Reyna, 2005).  There are, however, special instances when phantom recollection occurs.

Phantom recollection is an illusory, vivid experience of the ostensible presentation of an item that was truly never presented that occurs at high levels in false recognition; it is to be further researched to see phantom recollection’s presence in false recall (Brainerd, Payne, Wright, & Reyna, 2003).  This type of recollection occurs as a result of gist retrieval producing vivid, recollective phenomenology that mimic the true phenomenology induced by verbatim retrieval (Brainerd & Reyna, 2005).  In other words, this phenomenon happens when certain familiar meanings are repeatedly cued by targets, and false-but-gist-consistent items are very much exemplary of those familiar meanings.  

When retrieving a gist trace, it can appear so familiar to us, and fit so well with true fact, that it also simulates what we think are verbatim traces.  Phantom recollection can ultimately cause things that were not truly experienced to be “remembered” by people as physical occurrences (they think they have actually occurred) because of the simulation of recollective phenomenology that accompanies verbatim traces. These false, but illusory and vivid phenomenology seem so real that they are often difficult to distinguish from the vivid phenomenology that accompany true events (Brainerd & Reyna, 2005).  Thus, false memories ensue as a result of the dual processes working in opposition.

Time Course of Verbatim and Gist Traces


Access to verbatim and gist traces is time sensitive; the ability to retrieve verbatim traces declines more rapidly over time than for the ability to retrieve gist traces.  Further, depending on how much time has passed since the target experience, the tendency for recognition or recall to be based mainly on verbatim traces changes.  As time passes, people rely more and more on gist retrieval, and this has been shown to result in more false memories (Brainerd & Reyna, 2005; Reyna & Titcomb, 1997). 
The Relationship Between Emotion and Memory Performance 

While some believe that negative emotions create distinctive memories for events, current research shows that negative emotions can also induce false memories.   For example, Budson et al. (2006) devised a procedure involving memory responses to meaningful, emotional events.  Their three main objectives were to examine different aspects of the emotional memory effect in aging and Alzheimer Disease (AD), namely item-specific recollection, gist memory, and recognition response bias.  The emotional memory effect states that emotional stimuli are often better remembered in healthy people versus non-emotional items.  As we know, false recognition occurs when people wrongly claim to have previously encountered a novel word or event.  If people possess better memory for emotion-containing (valenced) items, they would presumably display increased rates of true recognition for semantically related emotional words rather than semantically related non-emotional words.  

True and false recognition depend on specific details of the initial encounter with an item (item specific recollection) and the gist or general meaning displayed by several items (gist memory).  When a study list is presented, a gist representation blossoms and can result in the participants’ experience of either recollection or familiarity when a studied item or related lure is later presented during a recognition test.  Item specific and gist information are crucial elements for accurate recognition of previously studied items; remembering gist but not item specific information is the basis of false recognition of related lure words.  Moreover, Budson et al. (2006) predict that if the emotionality of the semantically related words produces enhanced memory for the studied items (item specific recollection), then false recognition of emotional lures should be lower than that of non-emotion lures.  But, if only the gist of the study items is strengthened by the emotionality, then false recognition of emotional lures should be greater than that of non-emotional lures. 

Budson et al. (2006) additionally inquired as to subjects’ tendency to call emotional items “old” compared to non-emotional items; this proclivity is commonly referred to as response bias for emotional items.  Prior studies revealed that younger adults tend to display a more liberal response bias, as in they are more inclined to say “old” for emotional items relative to non-emotional items on memory recognition tests (Windmann & Kutas, 2001).  It is crucial to address the issue of an emotion-induced recognition bias effect, as proposed by Windmann and Kutas (2001) because ignoring it would be to neglect potential explanations for differences in memory performance scores on recognition tests.  For example, two patients in a clinic could receive the same score on a memory recognition test.  One patient, however, incorrectly endorses some of the unstudied, distractor items, while the other does not submit to any errors of false memory.  Looking in absolute terms at the numbers/scores would ostensibly portray similar memory.  Therefore, some might say that because these two people’s overall scores resulted in the same number, they possess the same types of memory problems. However, Windmann and Kutas (2001) adeptly point out that the patient who affirmed unstudied items has a more liberal response bias; the other patient who only correctly responded yes/old to items that truly had been previously studied has a more conservative response bias.  To overlook the underlying discrepancies as to why the memory scores are not actually the same, would be to disregard potentially different anatomical or neurochemical dysfunction issues each patient might have (Budson et al., 2006).   

Further, here, Budson et al. (2006) sought to observe whether false recognition of emotional lures would be lower than that of neutral, non-emotional lures, if the study lists were semantically related rather than orthographically like in previous studies (e.g. Schacter, Verfaellie, & Anes, 1997).  If for example, the lure were “rape,” Budson et al. (2006) hypothesized that participants would display higher levels of true recognition for semantically related emotional words like sex, man, or violate, versus semantically related but non-emotional items.  They additionally conjectured that depending on the type of memory that emotionality enhances (item specific, gist, or recognition response bias), the emotional lures’ levels of false recognition would be higher or lower compared to those of non-emotional lures. 
The ten study lists were presented successively and participants were then tested on their memory for such word lists.  Memory tests consisted of a mixture of unstudied non-emotional items, unstudied critical lures, unstudied unrelated lures, as well as the targets, to which subjects responded verbally with “old” or “new” on the keyboard.  Budson et al. (2006) found that emotion had an effect such that younger and older adults were more inclined to accurately recognize studied emotional versus non-emotional words.  In regards to false recognition, they concluded that the large relatedness effect was present because subjects were more likely to falsely recognize (false alarm to) lures that were related rather than unrelated to the study list items.  Additionally, they were no more likely to falsely recognize emotional lures than non-emotional lures; instead, when it came to false memory, relatedness of lure items seemed to be vital (See Figure 1 below). 
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Budson et al. (2006) introduced an important concept that suggests that true recognition of studied items is a combination of gist memory and item-specific recollection, while false recognition of the related lures can be thought of as gist memory minus plausible item-specific recollection that may counteract gist’s effects.  Lastly, they concluded that both younger and older adults had more liberal response biases for emotional items rather than non-emotional items.  The enhanced fluidity of processing for emotional items may contribute to a greater sense of familiarity, leading to more “old” responses regardless of whether the item was truly studied previously.  Therefore, in my present study, we should expect to also see this effect for emotionally valenced pictures compared to neutral ones. 
A subsequent study by Brainerd et al. (2008) extended the research of Budson et al. (2006) several steps further and sought to gain theoretical leverage on the following issue: do false memories occur regardless of the direction of emotional valence, or are they confined to previous studies’ results that show negatively-valenced items receive elevated levels?  They were exploring the idea of whether valence can be classified as a gist that foments inaccurate memories (Brainerd et al., 2008). They also were interested in resolving the debate amongst past researchers who concluded that remembering negative events does not stimulate high levels of false memory; instead, the events’ distinctiveness leads to more clear memories (Freyd & Gleaves, 1996).  

In the methodology of Brainerd et al. (2008) levels of valence varied while arousal was controlled for. Word lists were presented and a recognition test to which subjects replied yes or no was performed.  The test was comprised of a combination of targets, critical distracters, semantically related distracters, and unrelated distracters.  Overall, researchers concluded valence does indeed affect false memory: the shift from positive to neutral to negative is one of the main predictors.  They established that negatively-valenced stimuli seem to have induced the highest levels of meaning familiarity.  In other words, when meanings are so similar, subjects are more inclined to accept an item that seems familiar because they believe it was quite likely to have been a studied item, even though it was not.  
Another reason for the changes in false memory in relation to valence highlights the role of true memory.  This idea particularly emphasizes the ability of subjects to use verbatim traces of targets to oppose and suppress the false acceptance of distractors (Brainerd et al., 2008).  Moreover, as subjects move from positive to neutral to negative items, the meaning content seems more familiar and subjects are unable or less able to use verbatim traces to suppress these false alarms and acceptances (Brainerd et al., 2008).  Furthermore, Brainerd et al. (2008) were able to conclude that remembering emotionally negative items has the capacity to stimulate levels of false memory more so than neutral ones can. They found that true memory for targets was better in positively valenced as well as neutral cases compared to negative lists.  To answer one of their primary study concerns, they concluded that only negative valence heavily increases levels of false memory and memory distortion, while positive items seems to produce lower numbers.  Positive valence appears to be protective with respect to memory distortion and decreases feelings of familiarity with distractor items.  Results also showed, that relative to negative stimuli, positive valence increases subjects’ ability to use verbatim traces to suppress errors (See Figure 2 below).   Will the same results emerge with a different type of stimulus?
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Words Versus Pictures

Valence and arousal effects are quite general and occur with several types of stimuli including but certainly not limited to words, pictures, and stories.  Specifically, pictures tend to primarily activate semantic memory and then lexical information (Seifert, 1997).  Studies have shown that pictures have advantaged access to information in semantic memory (Seifert, 1997).  In a study done by Potter, Staub, and O’Connor (2004), researchers hypothesize that there are two forms of short-term memory: visual, pictoral and conceptual.  According to their proposal, pictoral short-term memory declines very rapidly such that conceptual short-term memory provides the base for short-term recognition. In their particular experimental design contrasting both concepts of short term memory, they used a yes-no recognition test of old pictures as well as new distractor pictures for pictoral memory, and for the conceptual part they asked participants to use descriptive titles to cue their memory for pictures they had just studied.  Test pictures provided both pictoral and conceptual information, whereas descriptive titles transmitted only conceptual information.  Because they believed that pictures provided “full” information while descriptive titles only extracted and isolated picture gist, they hypothesized that recognition of pictures would be more accurate that that of the descriptive titles (Potter et al., 2004).   


It was no surprise that the picture recognition test condition performed the best and produced the fewest number of false distractor recognitions.   The descriptive title category generated worse memory performance for titles, and incorrectly recognized more distractor titles than did participants in the pictoral category (Potter et al., 2004).  In essence, what researchers discovered was that when six pictures were presented at a rate of one second per picture, they were consolidated in long-term memory, a process that increases recognition.  What would happen if we increased the number of photos presented as well as the display time since in a period of one second, individuals are apparently able to encode and remember their meanings to some degree as well as to remember their visual features (Potter et al., 2004)? Moreover, Potter et al. (2004) concluded that titles provide only gist information and not the full pictoral and conceptual detail that photos do in that short period of time.  Additionally, they deduced that what was important was the amount of processing time, not necessarily the presentation time such that when a picture is presented for longer, it allows more time to consolidate information initially picked up, not extra time to examine the picture, per se (Potter et al., 2004).  Therefore, total processing time per picture actually determines whether the picture is consolidated into long-term memory.  

Furthermore, due to my background in studying false emotion of DRM lists and ANEW norms in a Memory and Neuroscience Lab, I thought it would be particularly interesting to explore the role of pictures instead of words in the memory and emotion connection.    Perhaps as a result of the information we have gathered from memory research involving words and valence and arousal, we can expand our breadth of theory to picture stimuli.  By using methodology inspired by the distinction made in the research of Potter et al. (2004) as a starting point, we can add in the valence and arousal components of emotion that have been studied immensely in the memory and neuroscience lab in regards to words to broaden current theory.  We can take this pictoral research a few steps further by adding in the emotional context to see the effect valence (and arousal) may have on memory for pictures.  It will be illuminating to see the interaction between pictures, memory, and emotion rather than the type of research I had grown quite accustomed to in lab.  Are the theories we have discussed more generalizable to pictures than just words, I wondered? Moreover, for the purpose of the current research, I aim to test how positive emotions are remembered more accurately over time.  I will study performance on memory recognition tests while manipulating both levels of valence and arousal.

Aim of Present Research

The aim of the research is to assess over time valenced pictures’ effects on memory, with controlled levels of arousal.  In particular, I am concerned with four ideas:  first, to confirm that pictures as stimuli impart the same emotionality effect described by several researchers (i.e. Murphy & Isaacowitz, 2008).  Next, I am curious as to whether memory performance for positively (pleasant) valenced pictures is better than that of neutral and negatively valenced ones on immediate recognition tests; “better” would mean higher levels of target accuracy as well as fewer incorrectly recalled, unstudied distractors.  If so, I am interested in whether certain aspects of memory performance for the positive pictures will increase or decrease from session one’s immediate test, to sessions two’s delayed test.  And lastly, one of the main motivations for the study is to examine whether people’s memory for pictoral stimuli that have an emotional and arousal component to them behave in the same way as memory performance does for word lists (i.e. Brainerd et al., 2008 and Budson et al., 2006). 

I anticipated one of several options for the comparison of results for session one and session two: a decrease in performance for negative and neutral emotional groups with a simultaneous increase in positive, a decrease in performance for negative and neutral groups with stable performance for positive-emotioned groups, or a stable negative and stable neutral emotional group with a simultaneous increase in performance for positive emotional groups.  

Due to the research suggesting that negatively valenced words tend to induce false memories (Brainerd et al., 2008), if my hypotheses are correct, then my research would extend the notion that current theory is not limited to the concept of words but rather includes pictures as a valid form. 

METHOD

Participants
41 Cornell University undergraduate students ranging in age from 18-28 years participated.  Individuals were recruited using SUSAN, an online database for students to electronically sign up to for psychology experiments.  Participants received extra credit in a Psychology or Human Development course in exchange for their voluntary participation. Subjects were randomly assigned to one of the five emotional picture conditions (in the end, only three conditions; will be explained later in limitations of study).

Materials

Participants completed the Positive Affect Negative Affect Scale (PANAS): a scale developed to measure positive and negative affect both as states and traits.  The scale consists of a number of words that describe different feelings and emotions, such as guilty and proud.  Participants read each of the 20 items and then circled the appropriate answer next to that word (1=very slightly or not at all, 2= a little, 3=moderately, etc.).  They then indicated the extent to which they have felt this way in the last week (See Appendix A). 

All participants also viewed a series of images from the International Affective Picture System (IAPS): (Lang, P.J., Bradley, M.M., & Cuthbert, B.N. 2005). The IAPS is a set of several hundred, color photographs that have been assigned affective ratings according to valence and arousal.

I divided 200 of the pictures into five photo categories based on their normed valence and arousal levels:

1. Pleasant (positive) high arousal (Target Valence: 7.14, Arousal: 5.84; Distractor Valence: 7.30, Arousal: 5.82)

2. Pleasant (positive) low arousal (Target Valence: 7.41, Arousal: 3.82; Distractor Valence: 7.21, Arousal: 3.84)

3. Neutral (Target Valence: 4.85, Arousal: 4.14; Distractor Valence: 4.91, Arousal: 4.19)
         

 4. Unpleasant (negative) high arousal (Target Valence: 2.16, Arousal: 6.55; Distractor Valence: 2.44, Arousal: 6.39)

5. Unpleasant (negative) low arousal (Target Valence: 3.92, Arousal: 4.25; Distractor Valence: 3.74, Arousal: 4.25)


Each category contained 20 targets (pictures actually studied) and a mixture of 20 semantically related and unrelated distractor items (unstudied pictures semantically related or unrelated to targets).  Each mean valence and arousal of a group’s pictures was calculated to ensure similar ratings along both scales.  Those means are reported in parenthesis above. Participants were randomly assigned to one of the picture groups (See Appendix B for full list of pictures used as well as means of valence and arousal of immediate and delayed test items).

Procedure


All participants completed the experiment in two approximately 20-minute sessions sitting alone at a computer.  The experimenter remained nearby to address any concerns that would arise and to ensure completion of the study.  Participants first read over and signed the consent form.  Then, the subjects were verbally told that they were going to view some pictures and should try to remember their content as their memory will be tested on them in a subsequent task.  The instructions were also on the computer screen using the E-Prime Psychology Software.  Subjects then viewed the 20 pictures (20 targets) that were displayed for eight seconds.  Next, the subjects filled out the PANAS in the first session.  They were then told that they were going to be shown a series of pictures (10 targets they had studied and 10 unstudied distracters) and asked to respond by pressing ‘z’ if they recognized the photo from just having studied it, or ‘m’ if not.  After this task, session one was complete and subjects were reminded they must complete the second part in about a week to receive credit.  In session two, a week after session one, all subjects completed the PANAS again.  Then, subjects were verbally told they were going to see a set of photos (the 10 targets not tested during session one, and 10 new distracters) and would be asked to do the same thing as in session one: respond by pressing ‘z’ if they recognized the photo from having studied it one week prior (not necessarily the pictures they were tested on), or ‘m’ if not.  Instructions were again on the computer screen. Participants were then shown all 40 images they had seen previously in the entire study and were asked to respond in the same manner as before.  Correct recognition of target items were ‘z’ responses only to the pictures studied in session one. Subjects were then debriefed and given credit.  


41 students participated in session one, while 37 returned to complete the delayed task one week later.  One of the purposes of the study was to compare the immediate first memory recognition test results to those of the first test in the delayed portion.  As a result of the slight attrition, missing values were present in the delayed data for four participants.  Using the standard missing values procedure, the file was split by group (emotional category of positive high arousal, positive low arousal, and neutral) and the missing values were replaced by within-group mean performance numbers.
RESULTS

PANAS: Mood Manipulation Task


A repeated measures analysis of variance (ANOVA) was conducted.  This was a 2 (PANAS subscale: PANAS positive or PANAS negative) X 3 (emotion induction condition; positive valence high arousal positive valence low arousal, neutral) ANOVA.  On both the immediate and delayed tests, results show a PANAS subscale significant effect, meaning that participants understood the PANAS validity scale (p<.001).  Due to small sample size, n, significant standards were not achieved.  Although F-values did not rise to conventional levels of statistical significance, they were headed in the proper direction (see Figures 3-6). 
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Follow-up to initial PANAS Analysis

Due to small sample size, unconventional standards of significance were not achieved and thus, no interaction between the PANAS and condition was observed in my previous efforts.  In the attempts to get a main effect of condtion or a reliable interaction, power was increased by combining data for PANAS positive and PANAS negative in the immediate and delayed tests.  A repeated measures type of test item was the result of combining both data files.  Again, after a repeated measures 3 (condition: positive high, positive low, and neutral) X 2 (PANAS Positive, PANAS Negative) ANOVA, there were no significant effects.   
Immediate 20 Item Recognition Test

A repeated measures analysis of variance (ANOVA) was conducted.  This was a 3 (type of test item: target, related distractor, unrelated distractor) X 3 (emotion induction condition: positive valence high arousal, positive valence low arousal, neutral) ANOVA.  For test of within-subjects, there was a highly significant type of item effect (F=20201.838, p<.001).  This large F-value is expected, and represents the fact that all subjects in each of the three conditions (Neutral n=12, Positive High n=14, Positive Low n=15) only gave “yes” responses to targets (pictures they had seen before).  Not one single participant of the 41 total incorrectly identified a distractor as having previously been seen.  Thus, the mean number of accepted related distractors as well as unrelated distractors was 0 for all 41 participants.  The means for number of targets accepted were N=9.83 S.D. 0.389, PH=9.64 S.D. 0.497, PL=9.80 S.D. 0.434 (see Figure 7 below).  
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For within-subjects test effects, there were no significant interactions between type of test item and emotional valence condition (F=0.731, p>.05), and there was no condition effect (F=0.731, p>.05).
Delayed 20 Item Recognition Test


As in the immediate 20 item recognition test statistics, a repeated measures analysis of variance (ANOVA) was conducted.  This was also a 3 (type of test item: target, related distractor, unrelated distractor) X 3 (emotion induction condition: positive valence high arousal, positive valence low arousal, neutral) ANOVA.  For within-subjects tests, there was a highly significant type of test item effect (F=312.858, p<.01) and for between-subjects tests there was a condition effect with very high significance (F=7.796, p<.01).  Similarly, there was no interaction between type of test item and condition (F=1.819, p>.05).  During this delayed 20-item test, participants in the positive high arousal group had the best memory performance for correctly accepting targets (M= 7.615, S.D.=1.733), followed closely behind by the positive low arousal condition (M= 6.833, S.D.=1.55), then lastly the neutral group (M=5.416, S.D.=3.20) (see Figure 8 below). 
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To see if the pattern of positive condition participants performing better on the delayed memory test compared to neutral group participants was significant, we must look to post-hoc tests.  From the Tukey HSD, we see that the difference in mean performance is significant between the neutral condition and the positive high arousal condition with p<.01; however, the difference in mean performance was not significant when comparing the neutral condition to the positive low arousal one (p>.05) or when comparing the positive high arousal to positive low arousal (p>.05). For number of accepted related distractors (unstudied, semantically related to target items incorrectly recognized), those in the neutral category seemed to respond “yes” the least number of times (M=0, S.D.= 0), with the positive low arousal coming in second (M=0.1667, S.D.=0.345), and positive high arousal responding the most as having recognized pictures semantically related to the targets that had actually never been studied (M=0.923, S.D.=0.615) (see Figure 9 below).
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When viewing unrelated distractors, we saw the same pattern: neutral condition participants responded, “yes” the least number of times (M=0, S.D.=0), positive low arousal next (M=0.083, S.D.=0.255), and lastly positive high arousal (M=0.384, S.D.= 0.624) (see Figure 10 below).

Figure 10. Falsely Accepted Unrelated Distractors 

Immediate Vs. Delayed
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Combined Immediate and Delayed 20 Item Recognition Test


A repeated measures analysis of variance (ANOVA) was conducted.  This was a 3 (type of test item: target, related distractor, unrelated distractor) X 3 (emotion induction condition: positive valence high arousal, positive valence low arousal, neutral) X 2 (immediate or delayed) ANOVA.  When looking side-by-side at participants’ performance in session one (the immediate test), as well as in session two (the delayed test), within-subject effects were observed: first, a type of test item effect (p<.01), second, an immediate-delayed test effect (p<.01), third an immediate-delayed effect by condition (p<.01), and fourth, a type of test item by immediate-delayed effect (p<.01) .  There was no significant interaction between type of test item and condition (p>.05).  For effects of between-subjects tests, a main, overall condition effect was observed (F=5.996, p<.01); it is important to note that this effect only applies to the delayed test. See figure 11 below for overview of results.
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Delayed 40 Item Recognition Test


If we recall from the discussion of methods in this study, we acknowledge a program failure in that it unsuccessfully stored participants’ responses during the second portion of the delayed session (the 40 item recognition test).  Due to this malfunction and lack of data in this particular realm, we were unable to adequately perform statistical analysis.  Implications of this missing data will be examined below in the discussion section.

DISCUSSION 


The Immediate 20 Item Recognition Test results revealed the significant type of item effect that suggests that depending on the whether the item was a target, related distractor, or unrelated distractor, people showed a distinctly accurate memory. All participants correctly identified either all ten targets being tested or at least nine of them. Not one experienced a false memory that caused them to respond “yes” incorrectly to a novel distractor item. Subjects’ recollection of only targets and no distractors influenced the large F-value. Thus, their memory performance depended on which type of item was being examined; they demonstrated better (the best) performance for target images.  During this immediate test, the information is fresh in their minds, and the verbatim facts are readily accessible. Here, they are less susceptible to false memory.  These results were consistent with other studies showing that immediate picture performance on memory tests is often far more accurate than word memory (Potter et al., 2004; Childers & Houston, 1984; Paivio, 1969; and Lutz & Lutz, 1978).  Additionally, other studies have demonstrated that memory for pictures tends to be less susceptible to memory distortion upon immediate testing (Potter et al., 2004; Childers & Houston, 1984; Paivio, 1969; and Lutz & Lutz, 1978).


On the Delayed 20 Item Recognition Test results, there was similarly a type of test item effect that suggests that after one week, participants also tended to display differences in memory performance depending on whether the image was a target, related distractor, or unrelated distractor.  Additionally, while there was no condition effect in the immediate test, the delayed condition effect communicates the idea that for items that have not been previously tested, emotions are having an impact.  On the Combined Immediate and Delayed 20 Item test, the significant immediate-delayed effect by condition revealed the same idea that the condition influenced the delayed test results but not the immediate.  This particular effect can be referred to as a sleeper effect: at first, no change can be identified, but one later manifests itself.  In the immediate test, condition (emotion) did not alter results; emotion had no effect.  Only after time, are the pleasant conditions producing significantly better memory performance compared to the neutral group, as was hypothesized.  The positive highly arousing group showed the best performance after one week, followed by positive low arousal, and neutral. These results support the research of Murphy and Isaacowitz (2008) who contend that individuals have a preference for emotionally valenced (particularly positively valenced) items compared to neutral ones.  They also buttress the reliability of Bradley et al. (1992) results that found extremely pleasant or unpleasant (highly valenced) and highly arousal stimuli are better encoded in long-term memory than are neutral stimuli.  

We saw from the Post-Hoc tests that the contrast in memory performance between positive high arousal and positive low arousal for targets was not significant which means that arousal was not a key factor.  Instead, valence is key as is evident by the fact that the discrepancy in performance between positive high arousal and neutral was the only reliably significant one.  This idea is consistent with several other recent findings showing that valence has much more robust effects than does arousal (Kensinger, 2004).  In other words, the valence dimension alone is adequate enough to enhance memory performance as we have seen from numerous studies demonstrating that in instances in which arousal is absent, items having either a positive or negative valence are better remembered rather than are neutral ones (Kensinger & Corkin, 2003).  Moreover, valence (emotionality), not arousal, is the main cause of the condition effect that we observed on both the Delayed 20 Item Recognition Test analyses and the main, overall effect in the Combined Immediate Delayed 20 Item Recognition Test analyses. The current findings also augment the results of Vrana (1995) who observed that pleasant images are more vivid compared to neutral ones, though it was uncertain as to whether that difference was due to valence or arousal levels of images. 
Further, on the delayed item test, on average, all subjects exhibited a decline in acceptance rate for targets regardless of emotional valence category of images seen.  Participants in the positive emotion conditions were more likely to answer “yes” to related and unrelated distractors, while those in the neutral group did not do so at all during the immediate and delayed recognition tests.  This extension of the emotional condition effect implies that emotionality is influencing the probability of incorrectly accepting novel items.  Due to the aforementioned emotion salience effect, emotional items tend to better resonate in our minds (Murphy & Isaacowitz, 2008).  So, perhaps emotion is a paradox: on one hand, it can enhance our memory for items, but on the other, as time passes and gist traces remain while verbatim details fade, emotionality compared to neutrality can lead us to experience more false memories.  

Another explanation for the aforementioned paradoxical idea is that the memory advantage emotional items have individually compared to neutral ones is reduced or in some instances even eliminated when meaning similarity is introduced.  When memory is compared for valenced items and neutral items, the more inter-related those items are, the more false associations and feelings of familiarity one may have in regards to valenced stimuli; in cases of emotionally-valenced stimuli compared to neutral, people are more inclined to think about (semantically elaborate) the items’ meanings and connections to other items; thus, the more gist-based familiarity leads to false memories (LaBar & Phelps, 1998). Additionally, Bywaters, Andrade, and Turpin (2004) suggest that highly pleasant (or unpleasant) stimuli inherently carry an arousal element; logically, it makes sense that very emotional items or events will cause a certain reaction and thus affect our moods.  Therefore, according to their studies, since arousal is automatically tied to valenced items, the transient increase in arousal prompted by studying valenced stimuli can enhance storage of those stimuli in working memory.  By enriching storage of emotional items in working memory, veridical features of the stimuli are incorporated into the image at the time of study just after viewing the stimuli.  They go on to propose that there is better retrieval of the originally studied arousing stimuli compared to the neutral ones; however, after time, memory for details of those stimuli will dissipate.  Once the verbatim traces and details have diminished, retrieval shifts to a more generic, gist-based method (Bywaters et al., 2004).  Thus, the results in the present study could show that after time, subjects who studied valenced items do produce better memory at a delayed point, but are also more prone to memory distortion due to the emotionality of the items transferring retrieval to a gist basis.

In the memory literature, it is common to propose that having an immediate recognition test preserves verbatim memory more so than gist.  If we are to administer an immediate test, it helps preserve memory for the verbatim traces.  But, if we are to only test participants at a delayed point in time without testing them immediately after studying stimuli, the memory test is mainly a test of gist memory,  since verbatim traces have dissipated. So, there is indeed a difference between the effects of immediate versus delayed recognition tests.  By having the immediate test, we are sustaining true memory; thus, for items that had been tested a week earlier, their false alarm rates would be lower because their verbatim memory was preserved.  

Furthermore, a peripheral limitation of the present study stemmed from the missing data in the Delayed 40 Item Recognition Test.  From experiments utilizing the DRM word lists, we have observed that when assessing distractor items on a memory test, negatively valenced materials tend to distort memory more than neutral or positively valenced items do (Brainerd et al., 2008).  As stated above, positively valenced items contribute to and can enhance gist memory, but it has also been shown that verbatim memory is strongest for positive materials.  In numerous studies incorporating the DRM lists into their experimental design, we have seen that when comparing memory performance on a positive word list to that of a neutral one, people are better able to suppress their false memories in the neutral category (Brainerd et al., 2006).  Had the data been successfully stored from my particular 40 item delayed memory test, we mostly likely would have been able to compare neutral to positively valenced items’ effect on number of incorrectly recognized related distractors and unrelated distractors that were tested in the immediate as well as delayed trials. This data would only have shed light on a different avenue: whether people respond differently to items that were just tested on the 20 Item Delayed test versus ones that were previously tested one week prior on the immediate 20 Item test.  Although this limitation exists, its potential results would not have added much to the current findings.  Furthermore, these data would only have reinforced the previously reported results. 

Other limitations of the present study were the small sample size and lack of time forcing me to only assess three of the five planned categories of photos varied by valence and arousal.  Another barrier was that the sample was non-representative; instead, it was limited to Cornell University students seeking extra credit, and thus, the results are unable to be generalized to a wider population. 

Nonetheless, despite these minor flaws, the present study has numerous implications in the legal realm of criminal investigations as well as in psychotherapy.   First, the results seem to support several other past studies as discussed above.  Second, they additionally lead us to new directions for further study.  In the future, researchers should primarily aim to compare memory performance for all five picture categories.  Second, they should repair computer issues so that in the delayed session, they can assess the differences in memory responses between just tested items, and items tested one week prior.  Several recent psychological models illuminate the relevance of mental imagery to the metacognition and treatment of psychological disorders.  Images have an emotional and intrusive nature and therefore have remarkable effects on humans’ psychological well-being and general function (Bywaters et al., 2004).  Researchers are continuing to study and test therapies for ties between images and working memory.  

As we know, the reporting of false memories can be quite dangerous in a legal context since it can lead to the false incrimination of the innocent, and steer investigations in wrong directions.  In psychotherapy, guided imagery and other types of memory exercises are used as a means to retrieve past images and allow patients to recollect memories.  Some operations inherently lead to the induction of false memories and must be taken with a grain of salt. In subsequent years, it will be interesting to see the new developments regarding emotional valence’s effect on memory in combination with levels of arousal.  The interrelation between emotion and memory is undeniable, and will continue to be studied for years to come, as future experiments will expand the available text and theory. 
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APPENDIX A

PANAS

Directions

This scale consists of a number of words that describe different feelings and emotions.  Read each item and then circle the appropriate answer next to that word.  Indicate to what extent you have felt this way during the past week. Use the following scale to record your answers.

*A scantron answer sheet was used instead of circling answers.

	(1) = Very slightly or not at all
	(2) = A little
	(3) = Moderately
	(4) = Quite a bit
	(5) = Extremely


	
	Very slightly or not at all
	A little
	Moderately
	Quite a bit
	Extremely

	1. Interested
	1
	2
	3
	4
	5

	2. Distressed
	1
	2
	3
	4
	5

	3. Excited
	1
	2
	3
	4
	5

	4. Upset
	1
	2
	3
	4
	5

	5. Strong
	1
	2
	3
	4
	5

	6. Guilty
	1
	2
	3
	4
	5

	7. Scared
	1
	2
	3
	4
	5

	8. Hostile
	1
	2
	3
	4
	5

	9. Enthusiastic
	1
	2
	3
	4
	5

	10. Proud
	1
	2
	3
	4
	5

	11. Irritable
	1
	2
	3
	4
	5

	12. Alert
	1
	2
	3
	4
	5

	13. Ashamed
	1
	2
	3
	4
	5

	14. Inspired
	1
	2
	3
	4
	5

	15. Nervous
	1
	2
	3
	4
	5

	16. Determined
	1
	2
	3
	4
	5

	17. Attentive
	1
	2
	3
	4
	5

	18. Jittery
	1
	2
	3
	4
	5

	19. Active
	1
	2
	3
	4
	5

	20. Afraid
	1
	2
	3
	4
	5


APPENDIX B

IAPS Valences and Arousals of Sub-categories

Pleasant High Arousal

Group A: Mean Valence 7.1425 Mean Arousal 5.8475

Group B: Mean Valence 7.3015 Mean Arousal 5.821

(IR*) = Combination of studied and unstudied items on Immediate Recognition Test Mean Valence 6.875 Mean Arousal 5.899

Combination of studied and unstudied items on Delayed Recognition Test Mean Valence 7.229 Mean Arousal 5.919

Group A: Studied Items Title Valence (SD) Arousal (SD)

1. (IR*)EroticFemale 4220 8.02(1.93) 7.17(2.69)
2. EroticCouple 4660 7.40(1.36) 6.58(1.88)
3. (IR*)Skier 8034 7.06(1.53) 6.30(2.16)
4. Bungee 8179 6.48(2.18) 6.99(2.35)
5. Skydivers 5621 7.57(1.42) 6.99(1.95)

6. CliffDivers 8180 7.12(1.88) 6.59(2.12)
7. (IR*)WaterSkier 8200 7.54(1.37) 6.35(1.98)
8. (IR*)Hiker 5629 7.03(1.55) 6.55(2.11)
9. (IR*)Jaguars 1650 6.65(2.25) 6.23(1.99)
10. (IR*)BeachBoys 4542 6.33(1.92) 5.08(2.41)
11. Coyote 1640 6.27(2.22) 5.13(2.20)
12. Puppies 1710 8.34(1.12) 5.41(2.34)
13. Lion 1720 6.79(1.56) 5.32(1.82)
14. Monkeys 1811 7.62(1.59) 5.12(2.25)
15. (IR*)Baby 2150 7.92(1.59) 5.00(2.63)
16. Kids 2346 7.05(1.53) 5.28(2.28)
17. (IR*)Dance 2605 6.26(1.45) 5.03(2.16)
18. (IR*)Mountains 5600 7.57(1.48) 5.19(2.70)
19. (IR*)AttractiveFem 4250 6.79(2.05) 5.16(2.76)
20. EroticMale EroticMale 4520 7.04(1.64) 5.48(2.27)
Group B: Unstudied Distractor Items Title Valence (SD) Arousal (SD)
1. (IR*)EroticCouple 4608 7.07(1.66) 6.47(1.96)
2. (IR*)EroticMale 4490 6.27(1.95) 6.06(2.42)
3. SkyDivers 8185 7.57(1.52) 7.27(2.08)

4. (IR*)SkySurfer 8186 7.01(1.57) 6.84(2.01)
5. Rafting 8370 7.77(1.29) 6.73(2.24)
6. RollerCoaster 8490 7.20(2.35) 6.68(1.97)
7. (IR*)Astronaut 5470 7.35(1.62) 6.02(2.26)
8. Money 8501 7.91(1.66) 6.44(2.29)
9. (IR*)Gymnast 8470 7.74(1.53) 6.14(2.19)

10. (IR*)Wedding 4626 7.60(1.66) 5.78(2.42)
11. FerrisWheel 7508 7.02(1.46) 5.09(2.1)
12. Jaguars 1722 7.04(2.02) 5.22(2.49)
13. Father 2160 7.58(1.69) 5.16(2.18)
14. (IR*)Bride 2209 7.64(1.46) 5.59(2.37)
15. (IR*)Children 2216 7.57(1.31) 5.83(2.20)
16. (IR*)Waterfall 5260 7.34(1.74) 5.71(2.53)
17. Liftoff 5450 7.01(1.60) 5.84(2.40)
18. (IR*)Fireworks 5480 7.53(1.63) 5.48(2.35)
19. Teens 2389 6.61(1.69) 5.63(2.00)
20. Romance 4641 7.20(1.59) 5.43(2.10)
Pleasant Low Arousal

Group A: Mean Valence 7.4115 Mean Arousal 3.8225

Group B: Mean Valence 7.211 Mean Arousal 3.849

(IR*) = Combination of studied and unstudied items on Immediate Recognition Test Mean Valence 7.2625 Mean Arousal 3.8435

Combination of studied and unstudied items on Delayed Recognition Test Mean Valence 7.36 Mean Arousal 3.8435

Group A: Studied Items Title Valence (SD) Arousal (SD)

1. (IR*) Family 2299 7.27(1.53) 3.95(2.22)

2. (IR*) Birds 1419 6.54(1.45) 3.48(1.95)
3. PolarBears 1441 7.97(1.28) 3.94(2.38)
4. Butterfly 1603 6.90(1.48) 3.37(2.20)
5. (IR*) Rabbit 1610 7.82(1.34) 3.08(2.19)
6. Sprgbok 1620 7.37(1.56) 3.54(2.34)
7. (IR*) Family 2360 7.70(1.76) 3.66(2.32)
8. Kids 2388 7.44(1.44) 3.77(2.21)

9. (IR*) Balloons 2791 6.64(1.70) 3.83(2.09)
10. Courtyard 5779 7.33(1.42) 3.57(2.30)
11. (IR*) Seal 1440 8.19(1.53) 4.61(2.54)
12. Kitten 1460 8.21(1.21) 4.31(2.63)
13. (IR*) Lion 1721 7.30(1.39) 4.53(2.21)
14. Baby 2040 8.17(1.60) 4.64(2.54)
15. BoysReading 2222 7.11(1.54) 4.08(2.15)
16. (IR*) Mother 2311 7.54(1.37) 4.42(2.28)

17. (IR*) Boy 2650 7.27(1.67) 4.28(2.41)

18. ThreeMen 2370 7.14(1.46) 2.90(2.14)
19. (IR*) Flower 5000 7.08(1.77) 2.67(1.99)
20. Dog 1500 7.24(1.88) 4.12(2.50)
Group B: Unstudied Distractor Items Title Valence (SD) Arousal (SD)
1. Cow 1670 6.81(1.76) 3.05(1.91)

2. (IR*) Girl 2304 7.22(1.31) 3.63(2.15)

3. SunFlower 5001 7.16(1.56) 3.79(2.34)
4. (IR*) Lake 5781 7.13(1.49) 3.82(2.37)
5. Watermelon 7325 7.06(1.65) 3.55(2.07)
6. (IR*) Clouds 5551 7.31(1.63) 3.26(2.47)
7. Couple 2530 7.80(1.55) 3.99(2.11)

8. (IR*) Mountains 5611 7.05(1.58) 3.99(2.56)
9. Nature 5760 8.05(1.23) 3.22(2.39)
10. Cat 1540 7.15(1.96) 4.54(2.35)
11. Horse 1590 7.18(1.64) 4.74(2.13)
12. (IR*) Porpoise 1920 7.90(1.48) 4.27(2.53)
13. (IR*) Chef 2331 7.24(1.72) 4.30(2.38)
14. Boat 2398 7.48(1.32) 4.74(2.11)
15. (IR*) Children 2341 7.38(1.59) 4.11(2.31)

16. (IR*) Sky 5594 7.39(1.45) 4.15(2.76)
17. Romance 4622 7.46(1.61) 4.11(2.30)

18. (IR*) ElderlyWoman 2510 6.91(1.91) 4.00(2.10)
19. Girl 2320 6.17(1.51) 2.90(1.89)

20. (IR*) Gannet 1450 6.37(1.62) 2.83(1.87)
Neutral

Group A: Mean Valence 4.852 Mean Arousal 4.1405

Group B: Mean Valence 4.918 Mean Arousal 4.1935

(IR*) = Combination of studied and unstudied items on Immediate Recognition Test Mean Valence 4.9625 Mean Arousal 4.129

Combination of studied and unstudied items on Delayed Recognition Test Mean Valence 4.7355 Mean Arousal 4.153

Group A: Studied Items Title Valence (SD) Arousal (SD)

1. (IR*) Girl 2385 5.20(1.32) 3.64(1.81)
2. (IR*) Neuman 2102 5.16(0.96) 3.03(1.87)
3. Boots 2446 4.70(1.04) 3.79(1.88)
4. (IR*) Hawk 1560 5.97(2.32) 5.51(2.19)
5. NeuWoman 2104 4.42(1.09) 3.11(1.84)
6. (IR*) FactoryWorker 2393 4.87(1.06) 2.93(1.88)
7. StillLife 5535 4.81(1.52) 4.11(2.31)
8. (IR*) Condom 4613 5.34(1.77) 4.66(2.20)
9. Bees1390 4.50(1.56) 5.29(1.97)
10. Terrorist 2690 4.78(1.43) 4.02(2.07)
11. (IR*) Prostitute 4230 4.86(2.34) 4.70(2.21)
12. (IR*) Refugees 2695 4.01(1.58) 4.47(1.92)
13. Sickman 2491 4.14(1.29) 3.41(1.73)
14. Mole 1617 4.23(1.68) 5.34(2.41)
15. (IR*) Secretary 2383 4.72(1.36) 3.41(1.83)
16. Police 2681 4.04(1.60) 4.97(2.26)
17. (IR*) NeutralGirl 2441 4.64(1.28) 3.62(1.96)
18. MaleFace 2220 5.03(1.39) 4.93(1.65)
19. Lightbulb 7055 4.90(0.64) 3.02(1.83)
20. (IR*) Building 7242 5.28(1.45) 3.83(2.06)
Group B: Unstudied Distractor Items Title Valence (SD) Arousal (SD)
1. Bird 1616 5.21(1.12) 3.95(1.95)
2. (IR*) NeutralMale 2499 5.34(1.43) 3.08(1.73)
3. Frog 1313 5.65(1.47) 4.39(2.03)
4. NursingBaby 2351 5.49(2.04) 4.74(2.05)
5. (IR*) Couple 2396 4.91(1.05) 3.34(1.83)
6. NeutFace 2200 4.79(1.38) 3.18(2.17)
7. (IR*) Boy 2410 4.62(1.72) 4.13(2.29)
8. (IR*) Lizard 1121 5.79(1.61) 4.83(1.98)
9. (IR*) Dog 1303 4.68(2.11) 5.70(2.04)
10. Man 2512 4.86(0.84) 3.46(1.75)
11. (IR*) Actor 2780 4.77(1.76) 4.86(2.05)
12. Alcoholic 2752 4.07(1.84) 4.30(1.94)
13. Snake 1030 4.30(2.35) 5.46(2.43)
14. ElderlyWoman 2516 4.90(1.43) 3.50(1.88)
15. (IR*) Spider 1230 4.09(1.63) 4.85(2.25)
16. Elderlyman 2520 4.13(1.90) 4.22(1.69)
17. MedicalWorker 2394 5.76(1.74) 3.89(2.26)
18. (IR*) Musician 2487 5.20(1.80) 4.05(1.92)
19. (IR*) Traffic 7590 4.75(1.55) 3.80(2.13)
20. (IR*) AbstractArt 7247 5.05(1.00) 4.14(2.23)






