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ABSTRACT 

To ensure that one has leamed information it is often necessary that one assesses 

his or her memory for that information. In fact, it should come as no surprise that we 

often assess our memory for future performance on a daily basis. Depending on the 

outcome of our assessment (and possibly our level of concem or energy) we may or may 

not need to take follow-up measures like releaming or taking notes. One manner in which 

such an assessment can be achieved is by predicting how well one will do on an 

upcoming memory task for previously leamed information. Making predictions 

conceming memory performance falls under the realm of metamemory judgments. 

Currently, several factors exist that can potentially influence both the magnitude and 

accuracy of metamemory judgments. 

Four experiments were conducted to better understand the factors that are 

currently held in high regard when discussing metamemory judgments. Each of the 

factors stem from different models of feeling-of-knowing (FOK); FOK judgments are 

predictions conceming memory performance for previously unrecalled queries originally 

investigated by Hart (1965). Three bases of metamemory judgments (cue-, target-, and 

activation-based) were tested using prediction-of-knowing (POK) judgments. POK 

judgments reflect one's confidence level in correctly identifying newly leamed material 

on a future memory task. To test which factor influences POKs the most, a "fan" 

paradigm (Anderson, 1974) was employed. Fan, or the number of facts associated with 

POK queried concepts, varied from one to three. Results of the four experiments 
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indicated an inverse relationship between fan and POKs. As the level of fan increased, 

the magnitude of POKs decreased. This finding was observed even when the fan effect 

was attenuated on a verification task in three of the experiments by manipulating the 

organization of the multiple concepts. The results, then, supported and extended findings 

touting an activation account of metamemory judgments as embodied by the competition 

hypothesis (Schreiber, 1998; Schreiber & Nelson. 1998). 
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CHAPTER 1 

REVIEW OF LITERATURE 

Introduction 

How do individuals gauge level of leaming as they acquire information? 

Furthermore, how is such information retrieved? Though both questions are of interest to 

cognitive psychologists, each has been broached by experts in different areas within 

cognitive psychology. The response to the first question, monitoring of leaming, has been 

addressed by metamemory researchers among others. Metamemory refers to one's 

assessment of his or her own memory. One type of metamemory judgment, the feeling-

of-knowing (FOK) judgment first investigated by Hart (1965), has spurred on much 

research conceming what underlies this subjective state, or type of monitoring. The FOK 

experience can likened to a subjective state of either knowing or not knowing to a greater 

or lesser extent. For example, when asked who invented television one typically knows 

whether the answer is available.' Furthermore, even though the answer may not be 

recalled immediately, the person probably has a good idea whether he or she would be 

able to recognize the answer if given the chance. Researchers who have investigated 

metamemory judgments are in disagreement when discussing the major factor underlying 

the FOK judgment, whereby one predicts future recognition performance for previously 

'Consider also participating in a game like "Who Wants to Be A Millionaire." 
Players on this game show clearly exhibit this type of monitoring when they decide to 
continue playing rather than stop. However, players' monitoring skills sometimes fail, 
thus indicating that such monitoring skills are not foolproof 



unrecalled items. Major factors that have received empirical support include a general 

cue-familiarity approach, a target-related approach, and a competition/activation account 

of metamemory. Basically, the different approaches to understanding FOK may be 

simplified by asking the following questions: (a) Does familiarity of the query alone 

influence the magnitude of one's prediction? (b) Does the amount of information stored 

in memory pertaining to the query influence one's prediction? or (c) Does the amount of 

activation spreading from cue to target to related sources in memory influence one's 

prediction? Each of these questions was taken into consideration. The corresponding 

stances related to these questions were tested using a different type of metamemory 

judgment, prediction-of-knowing (POK) judgments, whereby one makes predictions for 

all items, regardless of whether they are recallable. 

To test these altemative stances conceming factors that influence one's prediction 

for future memory performance using POKs, a different type of paradigm (not typically 

employed in metamemory studies) was introduced. The details of the paradigm will be 

discussed further later in the dissertation, but their importance is summarized here. The 

implications of the paradigm speak to knowledge representations, or the representation of 

information. The paradigm has recently regained interest of researchers interested in the 

nature of knowledge. Though the debate of the nature of knowledge is not directly 

addressed in this dissertation, two differing approaches are reviewed, a network-like 

constmal of memory (Anderson & Reder, 1999a) and a mental model depiction of 

memory referred to as the situation model (Radvansky, 1999a). The methodology that 

has been used to assess these two very different approaches to understanding the nature 



of knowledge stmcture was, in this dissertation, borrowed and slightly modified to allow 

for a novel test of metamemory models. As a result, this dissertation bridges specific 

issues stemming from two corpuses of knowledge, namely metamemory and knowledge 

representation. One issue concerns the nature of the underlying mechanism responsible 

for one's assessment of his or her memory performance. This is continued under the 

heading of "Theories of Feeling-of-Knowing." The second issue involves the nature of 

information as it exists in the mind; more to the point, it involves retrieval of information 

from long-term memory and is taken up under the heading of the "Fan Effect." Both 

issues are also discussed to greater extent in Appendix A. 

Theories of Feeling-of-Knowing 

Returning to the question dealing with the gauging of leaming, one way to index 

such an assessment is to predict how well one will do on a test of what was leamed. This 

question is of particular interest to researchers of metamemory judgments, or judgments 

that reflect one's predictions for future memory performance. Such a question is acted 

out on a daily basis; we assess our memory performance for various acts such as studying 

for an upcoming presentation, or determining whether a list is needed for shopping. 

Assessment in this manner is essential in allowing us to control future behavior based on 

either a good or poor forecast of memory performance. If after assessment, we feel 

uncertain whether we will remember information, we can adjust our behavior 

accordingly. Much research has addressed the question of monitoring memory by 

investigating metamemory judgments in which people predict how well they will 
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remember previously presented information. Although there are several types of 

metamemory judgments (see Leonesio & Nelson, 1990), the general consensus is that we 

are relatively accurate at predicting future memory performance. 

One type of metamemory judgment, the feeling-of-knowing (FOK) judgment, has 

received considerable attention. Hart (1965) initially investigated FOK judgments, which 

were predictions of future recognition performance for previously unrecalled general-

information questions. In two experiments, Hart employed a recall-judgment-recognition 

(RJR) paradigm to investigate the accuracy of one's feeling of knowing experience. 

Participants were administered a recall test that involved answering general-information 

questions. For questions which participants were unable to answer, they then made a 

judgment indicating how well they would be able to identify the correct answer among 

distractors on a recognition test. Finally, they were administered a multiple-choice test. 

Hart reported that participants were relatively accurate in predicting future recognition 

performance for previous questions to which they were unable to recall the answer. Hart 

(1967) replicated his 1965 study with paired-associates leaming gamering more support 

for what he referred to as the memory-monitoring process. According to such a process, 

memory storage is assessed for its contents when queried. As a consequence, the result of 

the memory-monitoring process yields one's assessment of future memory performance 

for both previous knowledge of facts and newly leamed information. 

To understand more fully the variables affecting monitoring accuracy, several 

investigators have continued investigating people's predictions of future memory 

performance by using POKs. As a result, several models have been put forth in 

4 



attempting to account for the mechanisms underlying this type of judgment. In the 

research that follows, I focused on a specialized FOK judgment that is referred to as a 

prediction-of-knowing (POK) judgment, borrowing the terminology from Schreiber 

(1998) and Schreiber and Nelson (1998). POKs in this study differ from POKs in that 

POKs are predictions for all studied items, whereas POKs are predictions for non-

recalled items only. This type of metamemory judgment has received considerably less 

attention than standard FOK judgments. Also, the POKs investigated in this study differ 

from previous investigations using judgments for recalled items (cf Koriat, 1995; 

Schreiber, 1998; Schreiber & Nelson, 1998) in that the POKS reported here were 

judgments for studied material that had been recently leamed to a criterion (to be 

elaborated upon later). 

The primary purpose of this research was to test three altemative models of 

metamemory judgments that emphasize different factors contributing to the overall 

magnitude of one's judgment for future memory performance. The first model, a 

generalized cue-familiarity model (Koriat & Lieblich, 1977; Nelson, Gerler, & Narens, 

1984), contends that exposure to cues influences the degree of one's FOK for previously 

unrecalled items. With more repetition, the cue becomes more familiar. Thus, as cue 

familiarity increases, this hypothesis predicts a concomitant increase in the magnitude of 

POKs. Nelson et al. (1984) suggested that cue recognition might play a role. With more 

exposure to cues included in questions, familiarity with the question increases, leading to 

higher FOK judgments. Similarly, Koriat and Lieblich (1977) advanced the position that 

certain characteristics pertaining to the cue, independent of the target, can influence the 



magnitude of one's FOK. For example, Koriat and Lieblich found that cue repetition, or 

redundant information contained within the cue, was associated with high levels of FOK 

along with high false-alarm rates. More recently, Schwartz and Metcalfe (1992) 

compared a more formal cue-familiarity heuristic (see also Metcalfe, Schwartz, and 

Joaquim, 1993) with what has been referred to as a target-retrievability hypothesis, where 

FOK is based on target information residing in memory related to the cue. In their study, 

participants rated words in the form of cues, lures, and targets for pleasantness on a scale 

ranging from one to five. An inherent assumption was that priming future study words 

increased the familiarity of the words. Next, participants leamed word pairs followed by 

a cued-recall test. Participants then made FOK judgments on cues after they failed to 

recall the answer. Schwartz and Metcalfe found that priming of cues elicited higher FOK 

judgments than either target or lure priming. Thus, familiarity of a particular word played 

a role in judgments, but Schwartz and Metcalfe had participants make FOK judgments on 

unrecalled items only. It is uncertain whether the same results would have held for 

recalled material. In summary, according to a generalized cue-familiarity account of 

FOK, the primary underlying mechanism responsible for FOK resides in the familiarity 

of the cue. One way to increase familiarity, and thereby increase the magnitude of POKs, 

is to increase the number of times one is exposed to the cue. 

Another model proposed by Koriat (1993, 1994, 1995) argues that accessibility, 

or the sheer amount and ease of target-related information retrieved, mediates the 

magnitude of POKs. As more information related to the target becomes accessible, the 

magnitude of judgments increases. In his 1993 study. Koriat used nonsense letter strings 



as stimuli and found higher FOK ratings when more letters could be recalled. In the 1995 

study, Koriat used general-information questions that were normed for accessibility, 

defined in terms of the number of answers such questions produced across participants. 

He found that questions precipitating more answers led to higher POKs relative to 

questions precipitating fewer answers. The FOK-queried questions that had originally 

produced more answers across participants, questions precipitating more answers, in a 

norming study resulted in higher judgments relative to questions that produced fewer 

answers across participants. It should be noted that the cue-familiarity and accessibility 

models of FOK are not necessarily mutually exclusive. In fact, Koriat (1998) agrees that 

cue-familiarity plays a role in whether the retrieval of target-related information will be 

attempted. As familiarity increases, the probability for the initiation of retrieval increases 

as well. 

The final model considered, the competition hypothesis (Schreiber, 1998; 

Schreiber & Nelson, 1998), posits that both cue-related and target-related information 

play a role in establishing the degree of FOK. Unlike the other models, though, as 

information related to either cue and/or target increases (competition), judgments 

decrease. This position stems from earlier findings reported by Nelson, Canas, and Bajo 

(1987) in which participants who retrieved information about a cue from larger category 

sizes (e.g., breed of dog as the category with collie and retriever as instances) were less 

likely to retrieve that information relative to cues from smaller category sizes (e.g., daily 

meal as the category with supper and breakfast as instances). The more concepts 

activated by a category cue, the greater the competition. Schreiber (1998) proposed that 



FOK judgments are also based upon the amount of competing activation emerging from 

concepts associated with the item in question. Varying the set-size of cues and targets 

(where set-size refers to the number of preexisting connections a stimulus has to other 

closely-related items in LTM), Schreiber demonstrated that more competition (larger set-

sizes) resulted in lower FOK judgments while less competition (smaller set-sizes) yielded 

higher FOK judgments. Like the results of POKs, he also found that the effect of 

competition generalized to POKS in which predictions of future recall were made for all 

items rather than previously unrecalled items only. Like Schreiber (1998) as well as 

Schreiber and Nelson (1998), Maki (1999) found support for the competition model 

when using traditional interference paradigms with paired-associates. She found that 

FOK and POK judgments (referred to in her paper as judgments-of-leaming, or JOLs) 

showed similar effects of competition with lower judgments with multiple than with 

single associates. In summary, three models attribute the magnitude of metamemory 

judgments to various factors. These factors include (a) familiarity with the cue, (b) 

accessibility of target-related information during retrieval, and (c) total amount of 

competing activation. The question now addressed is which of these factors are most 

important when making prediction-of-knowing judgments for well leamed material. 

The Fan Effect 

To test models of metamemory judgments in the context of making POKs, an 

associative interference paradigm, or the "fan" paradigm originally reported in Anderson 

(1974), was employed. This paradigm was intended for research dealing with retrieval of 
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propositions from long-term memory (LTM). Both speed and accuracy were of primary 

concem to Anderson (1974), but, due to the strict criterion of leaming the material 

imposed upon the participants, speed of retrieval tumed out to be a bigger issue. Fan, in 

this context, refers to the number of facts, or sentences, that contain a particular concept. 

Consider the following two sentences taken from Anderson's (1974) materials: 

1. The hippie is in the park. 

2. The hippie is in the church. 

Both sentences contain two types of concepts, a person and a location concept. The 

person concept in this case, hippie, would be considered a Fan 2 concept; it is contained 

in both sentences. The location concepts in these two sentences, park and church, are Fan 

1 concepts. They are Fan 1 concepts because each is associated with only one other 

concept, hippie in these sentences. Another way of interpreting this is to say that each of 

the location concepts is embedded in only one sentence. Now, the standard "fan effecf is 

the finding that time to verify studied sentences increases as fan increases. Sentences that 

contain an overall higher fan are recognized slower than sentences assigned to lower fan 

levels. Such a view of memory retrieval is in line with the competition hypothesis at time 

of retrieval (Nelson et al., 1987) in which memory retrieval is worse for items associated 

with more information; however, the material used in a typical fan effect study consists 

of newly leamed associations rather than preexisting associations. Furthermore, the fan 

effect is believed to be a resuU of associative interference whereby spreading activation is 

decreased in a propositional network of memory as fan increases. The consequence of 

decreased activation results in slower retrieval times and more errors for sentences with 



higher fan concepts embedded in them (for a review see Anderson & Reder, 1999a, 

1999b; Radvansky, 1999a, 1999b). 

The methodology used in the fan paradigm involves several tasks on the part of 

the participant. In general participants are (a) presented with study material (e.g., 

sentences containing facts about where people are located) in which concepts vary as 

function of associated facts, (b) tested on such material until they reach a strict criterion 

of near perfect knowledge of the material, and then (c) administered a speeded 

recognition test (typically a tme/false test). 

Rationale 

The basic methodology of the fan paradigm (Anderson, 1974; Radvansky & 

Zacks, 1991) allows for a test of factors espoused by metamemory researchers to be 

critical when making predictions for future memory performance. By conceptualizing 

concepts as cues and their associates, or associated facts (fan), as targets or target-related 

information, there exists the primary bases by which models of FOK differ, thereby 

allowing for a test of the models. This comparison arises because concepts with a higher 

fan are repeated more often than concepts with a lower fan, thereby presumably 

increasing the familiarity of higher fan concepts relative to lower fan concepts. Further, 

higher fan concepts necessarily have more information associated with them (along with 

more pathways, potentially, for activation to travel). For example, borrowing from the 

earlier two sentences, hippie is associated with two locations (park and church) whereas 

the locations themselves were only associated with one concept, hippie. On the one hand. 
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having more information associated with the hippie concept may allow for higher POKS, 

particularly when a concept has three associates, due to greater accessibility or more 

pathways stemming from hippie to its associates. On the other hand, though, according to 

a competition hypothesis (Schreiber, 1998), having more pathways allows for more 

competing activation to emanate thus bringing about more confusion, or noise, and hence 

lower POKS. 

One of two major questions prompting this line of research was addressed in 

Experiment 1, namely what is the relationship between fan and magnitude of POKs? 

Having found an inverse relationship between fan and POKs in which POKs decreased as 

fan increased. Experiments 2 through 4 were conducted to address the second major 

question which was whether an attenuated fan effect would reduce POKs relative to those 

observed with the standard fan effect. This was also attempted in the first experiment but 

with no success. It is unclear whether reduced interference at the cognitive level (i.e., 

verification task performance) would be registered at the metacognitive level. 

The basic procedure of the experiments involved (a) leaming sentences that 

varied as a function of fan level and location condition, (b) making POKs for fan 

concepts in the sentences, and (c) verifying studied from nonstudied sentences. Unlike 

previous investigations of the fan effect, participants made POKs for the fan concepts 

after leaming. And unlike previous investigations of metamemory judgments, the items 

for which POKs were made varied in terms of how many concepts were associated with 

them (fan). Additionally, the study material was leamed to a strict criterion (participants 

had to correctly answer all questions in a row before making their predictions). 
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CHAPTER II 

GENERAL METHOD 

Overview 

The methodology used for the experiments can be summarized as a hybrid design 

comprised of a generic fan effect paradigm with that of a typical metamemory judgment 

paradigm. In a typical metamemory judgment experiment, participants forecast how well 

they will correctly remember some type of information on an upcoming test of memory. 

Although the methodological details of several studies investigating the fan effect have 

varied (cf Anderson, 1974; Hayes-Roth, 1977; Moesser, 1979; Radvansky & Zacks, 

1991), the general procedure involves two major steps. One step is leaming information 

in the form of sentences that convey some factual information. The second major step 

involves testing participants' knowledge of the recently leamed material. 

In the four experiments conducted for my dissertation, participants leamed stimuli 

in the form of sentences describing where objects were located. After having leamed 

these sentences to a strict criterion, participants then made predictions on concepts 

(objects and locations) that were contained in the studied sentences. Finally, participants 

were presented with the originally leamed sentences mixed in with nonstudied. or false, 

sentences. The false sentences were novel combinations of the concepts that were 

embedded in the original sentences. To summarize then, the basic procedure in all four 

experiments consisted of three major phases: (a) leaming; (b) prediction; and (c) test. 
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Details conceming each of these phases will be discussed at the appropriate times for 

each of the experiments. 

Major Differences Among Experiments 

The major differences along with specific details of each experiment will be 

reintroduced and described in the appropriate sections of my dissertation. To begin with, 

Experiment 1 was the only experiment in which an instmctional manipulation for 

leaming was used, and the manipulation was between-subjects. Experiment 2, unlike the 

other experiments, included a confidence judgment task. The confidence task required 

participants to indicate how well they thought they had correctly recognized sentences 

presented on the recognition task. Participants performed this task by typing in a number 

from 1 rNot confident at all) to 7 (Verv confident) immediately after verifying whether a 

sentence was studied or was not studied on the recognition task. Furthermore, unlike 

Experiment 1, Experiment 2 used more stimuli and included a materials' manipulation, to 

be discussed later, which was manipulated between subjects. 

Both Experiments 3 and 4 used the same materials' manipulation as Experiment 

2, but the materials manipulation was within-subjects. However, new materials that had 

been normed for sensibility were used . Only sentences (still conveying where an object 

was located) that received the highest sensibility ratings, or made the most sense, were 

used. Furthermore, unlike the previous two experiments, objects were not randomly 

paired with locations to constmct sentences. As a result, four lists of stimuli were 

constmcted and used in Experiments 3 and 4. Finally. Experiment 4 differed from the 
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rest of the experiments with regard to how the prediction task was conducted. In the 

previous three experiments, participants were always told to predict, given an object or 

location concept, how well they would recognize sentences containing the queried 

concept. For Experiment 4 an instmctional manipulation was incorporated. Half of the 

participants received instmctions to predict how well they would recognize at least one 

sentence containing the queried concept, while the other half received instmctions to 

predict how they would recognize all sentences that contained the queried concept. 

In summary, there was a basic procedure used in all four experiments: (a) leam 

sentences describing where objects were located; (b) predict how well sentences 

containing the queried concepts would be recognized; and (c) correctly verify studied 

from nonstudied sentences. Experiment 1 contained an extra task, making confidence 

judgments which occurred during the verification phase. Experiment 2 included a 

between-subjects materials' manipulation, and there were more stimuli used than in 

Experiment 1. The materials' manipulation in Experiment 2 was introduced as a 

repeated-measures variable for Experiments 3 and 4, and these experiments used stimuli 

that were highly sensible based on the results from a norming study. Finally, an 

instmctional manipulation, a between-subjects variable, for the prediction phase was 

introduced for Experiment 4. 
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CHAPTER III 

EXPERIMENT 1 

Overview 

The primary purpose of the first experiment was to assess the effect of associative 

interference on POKs. The assessment was accomplished by employing an experimental 

design and procedure based on the pioneering "fan" studies conducted by Anderson 

(1974), as well as research on the fan effect conducted by Radvansky and colleagues 

(Radvansky & Zacks, 1991; Radvansky, Spieler, & Zacks, 1993). Fan, in these studies, 

simply represented the associative interference that Anderson and Radvansky and 

colleagues manipulated in their investigations, and the term symbolized the amount of 

information stemming from concepts (hence, fan) embedded in studied sentences. The 

exact materials used in this experiment are based to a large extent on those used in the 

studies reported by Radvansky and colleagues in which an altemative explanation of the 

fan effect was proffered. 

An attempt was initiated to reduce associative interference (or to enhance 

integration of studied facts) by varying leaming instmctions (see Appendix F for the 

three different versions of instmctions). Basically, two groups were instmcted to use 

different types of mnemonic devices while a control group (referred to as the "None" 

imagery group) was simply told to memorize the sentences as efficiently as possible. 

These two imagery groups differed with respect to the degree of imagery- emphasized in 

the instmctions. One of the imagery groups (referred to as "'Simple") was simply told to 
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memorize the sentences as efficiently as possible and, whenever possible, try to evoke 

images of the stimuli to be remembered. The "Interactive" imagery group was given the 

same instmctions as the other two groups but were also instmcted to visualize images 

interacting with one another. The instmctions given to the imagery groups were inspired 

by discussions of mnemonic devices in Ashcraft (1994; 1998) and Stemberg (1994). 

And, the actual instmctions were similar to that used in Bower and Winzenz (1970) and 

WoUen, Weber, and Lowry (1972) in that, for one group of participants, instmctions 

encouraged the visualization of stimuli interacting with other stimuli. In general, this 

manipulation was introduced to shed light on whether participants were sensitive to 

integration of studied material at a metacognitive level. 

Hvpotheses 

Both cue-familiarity and accessibility predict that higher fan should result in 

higher POKs, but each model makes this prediction for different reasons. Higher fan 

concepts are necessarily repeated more times than lower fan concepts, and as a result, the 

familiarity of the cue may lead to higher POKs. Accessibility, however, would be 

supported in that higher fan concepts necessarily have more information attached to 

them, resulting in potentially more sources for retrieval and higher POKs. Unlike either 

cue-familiarity or accessibility, the competition hypothesis predicts lower POKs for 

higher fan concepts due to increased competing activation that results for such concepts. 

Finally, it is hypothesized that time to verify sentences will be influenced by 

imagery instructions due to a greater integration of studied information. Although 
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concreteness estimates for the materials were not available, the material consisted of 

sentences with "concrete-noun" - "concrete-noun" relationships. And based on previous 

research looking at the relationship between imagery and memory (e.g., Paivio, 1969; 

Paivio, Yuille, & Madigan, 1968) high imagery words are better remembered than low 

imagery words. By encouraging participants to visualize the sentences in terms of images 

as well as interactive images it was expected that memory would be better relative to the 

control group. Thus, it was predicted that the imagery groups should have demonstrated 

an attenuated fan effect relative to the control group (none), and that the degree of 

attenuation should be larger for the interactive than for the simple group. This would 

have meant lower verification RTs for the imagery groups relative to the control group. 

And this finding would have been more extreme in the interactive imagery group. 

Furthermore, if the fan effect was indeed attenuated in the imagery groups, it was 

hypothesized that this attenuation, or lack of interference, would be registered at a 

metacognitive level. Therefore, POKs for the imagery groups were predicted to be higher 

than the control group irrespective of fan. It was also anticipated that the POKs stemming 

from the interactive group would receive the highest ratings. Also, it was hypothesized 

that the imagery groups would leam the sentences quicker and better than the control 

group. Furthermore, for the control group, it was expected that fan would impede 

leaming acquisition and rate. 
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Method 

Participants 

A total of 66 participants was recmited from the Texas Tech University General 

Psychology subject pool. All participants received credit for their course requirements in 

General Psychology. 

Materials 

Stimuli (see also Appendix G) consisted of objects (e.g., pay phone) and locations 

(e.g., hotel), most of which were taken from Radvansky and Zacks (1991) and 

Radvansky, Spieler, and Zacks (1993). These items were placed in sentences so that the 

objects were paired with the locations. The general stmcture of the sentences was as 

follows: "The object is in the location." There were twelve objects (the same used in 

Radvansky et al.) and 24 locations" (half of which came from Radvansky et al.). All the 

objects and locations used in the experiment were randomly assigned to slots labeled O, 

(for objects) and Lj (for locations) as illustrated in Table 3.1. The groupings of objects 

with locations were assigned to the various levels of fan, thereby allowing each 

participant to receive a unique list. In Table 3.1 the OjS represent specific names of 

objects, and the L.s represent specific locations. In total, then, there were 12 objects and 

-More locations were used here than Radvansky et al. (1993) to accommodate the 
levels of fan to which each object was assigned. Furthermore, this experiment and the 
experiments to follow were designed so that no backward associations were formed (cf, 
Anderson, 1974; Radvansky et al., 1993). This enabled a clearer distinction of fan level, 
and thereby corresponding number of facts, to which a particular concept was assigned. 
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24 locations. Because each grouping of an object and location represented a sentence, 

there were a total of 24 sentences presented for study, as be seen in Table 3.1 (see also 

Table3.2). 

Table 3.1 

Schematic Stmcture of Study Sentences for Experiment 1 

Fan Level (for objects) 

1 2 3 

0 , L , O2L2 O3L4 

O2L3 O3L5 

O4L, OjLg 0,L,o 

O5L, 0,L, , 

O^L^^ 

U7L13 ^ 8 ^ 1 4 ^ 9 ^ 1 6 

( j gL |5 ^9*^17 

OoL 9*^18 

U | o L | 9 U11L20 *-'l2^22 

0,X24 

Note: The sentences in Table 3.2 represent a cell from the above diagram. For instance, 
considering the first cell in the table, big desk might represent O, in which case office would 
represent L,. 

Design 

The experimental design formed a 3 x 3 mixed-model factorial with imagery 

instructions (none, simple, and interactive) manipulated between subjects and fan (1-3) 

varied within subjects. The dependent measures included: (a) proportion of trials correct 
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during the leaming phase; (b) prediction-of-knowing (POK) judgments; (c) time to make 

POK judgments; and (d) reaction time and error rates on the speeded recognition task, or 

the verification task as it is referred to later. 

Table 3.2 

Sample Sentences from Experiment 1 

Fan Level Sentence 

The big desk is in the office. 

The pay phone is in the hospital. 

The pay phone is in the hotel. 

The marble bench is in the police station. 

The marble bench is in the airport. 

The marble bench is in the laundromat. 

Procedure 

The experiment was conducted on IBM-PC compatible computers, using MEL 

(version 2.0) Professional Software (Schneider, 1995). Participants were tested in groups 

ranging from one to four in a computer laboratory in a single session lasting 

approximately one hour. Each participant saw 24 sentences in random order on the 

computer preceded by instmctions stating that the sentences should be memorized as 

efficiently as possible. Verbal instmctions varied according to which group participants 

were randomly assigned. Participants assigned to the control group simply received 

instructions to leam the material as efficiently as possible. In the simple imagery group, 

participants were encouraged to use visual imagery when committing the sentences to 
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memory. In the interactive imagery group, participants were instmcted to imagine the 

concepts interacting with one another to provide better integration of facts associated 

with higher fan concepts. It was predicted that the fan effect would be attenuated for this 

group. The sentences appeared in the center of the screen in white text on a black 

background one at a time for seven seconds. 

After all 24 sentences were presented, participants entered into a test phase in 

which they responded to questions such as, "What is located in the 'name of location'?". 

Only objects were tested because only objects varied by fan. All location concepts were 

held constant at a level of Fan 1 (i.e., locations were only paired with one object). 

Participants provided their answers by typing objects' names on the computer keyboard. 

Feedback was provided, and if the participant gave the incorrect answer, the correct^ 

answer appeared for a duration of three seconds. The participants continued this phase 

until they could correctly answer all 24 sentences. 

Next, participants were asked to make POK judgments. The questions were in the 

form, "How confident are you that will recognize studied facts involving the 'name of 

object'?" Each object had been paired with one, two, or three different locations. 

Participants responded by typing a number from 1 (Not confident at all) to 7 (Verv 

confident). 

After all predictions were made, participants saw instmctions for the recognition 

phase on the computer monitor. Participants completed 10 practice trials to familiarize 

them with the procedure. On the practice trials, either "This sentence is studied" or "This 

•̂  For Experiments 1 and 2, correct meant that the response supplied was identical 
to the correct answer. For Experiments 3 and 4, participants had to only type in the first 
four letters of the answer for their response to be accepted as a correct response. 
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sentence is not studied" was presented. If a sentence was not studied, the participant 

responded by pressing the z key on the computer keyboard. If the sentence was studied, 

the participant responded by pressing the / (forward slash) key on the keyboard. The 

practice trials were followed by actual sentences. Participants responded to 48 sentences 

that included 12 filler sentences {Yi tme and V2 false), 18 false sentences, and 9 tme 

sentences that were presented twice. Table 3.3 illustrates how sentences were formed 

from the study sentences. Of the tme sentences, there were three for each level of fan 

allowing for a total of six observations per condition. The sentences that comprised the 

tme list also comprised the false list with the objects and locations repaired within levels 

of fan. Following Anderson's (1974) procedure, filler sentences were structured by using 

objects and locations not used in the tme and false sets. This allowed participants to keep 

all the material active in memory, while only a subset of target sentences were tested. 

Results 

The primary objective was to determine whether metamemory judgments, in the 

form of POKs, reflected a fan effect. First, I report data reflecting 

participants'performance on the recognition task because evidence for the fan effect is 

vital for the purpose of this experiment. Next, the POK judgment data are reported. 

Finally, participants' performance during leaming as measured by the proportion correct 

in the three fan conditions are reported. 
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Table 3.3 

Pairing of Objects and Locations for Recognition Test 

Condition 
Fanl 

Fanl 

Fanl 

Fan2 

Fan2 

Fan2 

Fan3 

Fan3 

Fan3 

Trues 
0,L, 

O4L, 

0,L,3 

O2L, 

o,U 

o,U, 

O3L4 

OsL.o 

09L,5 

Verification Task Performance 

Falses 
0,L-, and 0,L4 

04Lg and 04L,o 

07L,4 and 07L,6 

0,L, and O2L4 

O5L7 and O5L10 

OgLij and OgL.s 

O3L, and O3L2 

OjL^ and O^Lg 

09L,3 and O9L14 

Fillers 
True 

^ 1 0 ^ 1 4 

^11'^20 

0„L:, 

0,;L3: 

0,2L,3 

0,2L24 

False 
UigLg 

0,,L,, 

OnL,, 

0„L,5 

0,:L,7 

U j i L i g 

Figure 3.1 displays the mean reaction times for responding to both tme items 

(studied sentences) and false items (nonstudied sentences). Time to verify whether a 

sentence had been studied increased as a function of fan. A 3 (Imagery) x 2 (Tmth) x 3 

(Fan Levels 1-3) mixed-design ANOVA was conducted with fan and tmth being 

repeated-measures variables and imagery as a between-groups variable (for a complete 

listing of data from Experiment 1, see Appendix B). 

The results for the ANOVA indicated an increase in reaction time (RT) with a 

significant fan effect, F (2, 126) = 6.28, MSE = 211,103.90, p < .05 (the level of 

significance used throughout this dissertation). There were no significant effects for 

either the tmth or imagery variable with each F < 1. 
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Figure 3.1. Mean Verification RTs by Fan and Tmth for Experiment 1. 

Follow-up polynomial contrasts were conducted because the levels of fan were 

quantitative and equally spaced. These results indicated a significant linear effect with 

means increasing as fan increased, F (1, 63) = 12.08, MSE = 157,794.80. The quadratic 

effect was nonsignificant, F < 1 .These results suggest that verification times increased 

linearly as the amoimt of information associated with objects increased. 

Participants responded incorrectly to 3% of the sentences on average. Error rates 

among the imagery groups were 2%, 2%, and 4% for none, simple, and interactive 

groups, respectively. Participants missed an overall 2.4%, 3.3%, and 3.3% of sentences 

for Fan Levels 1 to 3, respectively. In general, participants leamed the sentences well. 
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indicating that the studied material was readily available at the level of recognition. 

Furthermore, because participants were not allowed to progress without reaching the 

criterion of all correct responses during a test trial, it is certainly reasonable that the 

material was accessible at the level of recall prior to making predictions. 

POK Judgments 

Participants' POK judgments and time to make those judgments were analyzed 

next (see Figure 3.2). For the knowing judgments, each participant's mean rating for each 

level of fan was calculated and then entered into a 3 (imagery) x 3 (fan) mixed-design 

ANOVA with the within-subjects variable being fan and the between-groups variable 

being imagery. The effect of imagery was nonsignificant, F < 1. As fan increased, 

magnitude of POKs decreased, F (2, 126) = 19.95, MSE = .41. 

Follow-up polynomial contrasts indicated a significant linear effect with means 

decreasing as fan increased, F (1, 63) = 37.07, MSE = .40. The quadratic contrast was 

nonsignificant, F (1, 63) = 3.44, MSE = .42. The more information associated with an 

object, the lower the POK judgment. 

Times to make POK judgments (see also Table B.3 in Appendix B) were also 

analyzed. It is possible that during this phase, participants were actually retrieving the 

POK queried concepts' associates. If such were the case, then times for POKs should be 

similar to times reported for the verification task with time to make POKs varying with 

fan. Mean times to make POK judgments for fan 1, fan 2, and fan 3 concepts were 2866 

ms, 3514 ms, and 3110 ms, respectively. Times to make POK judgments differed 

significantly, F (2, 126) = 5.14, MSE = 1,375,318. However, unlike the POK judgments, 
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follow-up polynomial contrasts indicated a significant quadratic effect, F (1, 63) = 6.23, 

MSE = 1,953,620, with reaction times for Fan 2 taking longer than times for Fan 1 and 

3.The linear contrast was not significant, F (1, 63) = 2.46, MSE = 7,970,151. 

CD 

o 
CL 

CD 
CD 

6.50 

S) 6.25 

6.00 

5.75 

5.50 
1 2 

Fan 

Figure 3.2. Mean POK Ratings as a Function of Fan. 

Leaming Phase Data 

Next, participants' leaming rates were analyzed to determine whether the 

magnitude of POKs was dependent on level of leaming, because one could argue that the 

reason participants rated Fan 3 items the lowest and responded to them the slowest on the 

recognition task was because such items were not leamed as well as the other items. 
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First, the average number of blocks participants took to leam the material to the criterion 

of 24 questions correctly answered in a row was analyzed. On average, it took 

participants four blocks to reach criterion. There were no significant differences between 

imagery groups, F (2, 63) = 1.07, MSE = 2.80, on the number of blocks to reach 

criterion. 

The proportion of trials on which each object was correctly recalled in the study-

test phase of the experiment was calculated. Mean proportion correct for Fan 1, Fan 2, 

and Fan 3 conditions were .76, .74, and .78, respectively. A 3 (imagery) x 3 (fan) mixed 

design ANOVA was conducted to evaluate the effects of fan and imagery conditions on 

learning. The results for the ANOVA indicated a significant main effect for Fan, F (2. 

126) = 3.42, MSE = .006. Follow-up polynomial contrasts indicated a significant 

quadratic effect, F (1, 63) = 4.60, MSE = .003, with proportion correct decreasing from 

Fan 1 to Fan 2 and increasing from Fan 2 to Fan 3. The analysis for a linear contrast 

yielded F (1, 63) = 2.06, MSE = .006, which was nonsignificant."* 

Discussion 

The initial question was whether POK judgments would be affected by fan, and, 

if so, whether the results would favor one of three models of metamemory judgments. 

First, a fan effect in recognition was obtained. Participants' verification RTs were a 

function of fan; participants took longer to respond to sentences as fan increased. 

"•por a closer inspection of data, namely means and standard deviations, stemming 
from this experiment please consult Appendix B. Supplementary findings for all 
experiments can be found in Appendices B - E. 
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As fan level (associative interference) increased, the magnitude of participants' 

POK judgments decreased. This finding is in line with Schreiber's (1998) and Schreiber 

and Nelson's (1998) findings that as set size increased, magnitude of FOK and POK 

decreased. Such a finding is difficuh to reconcile with the accessibility hypothesis 

(Koriat, 1993, 1995) which predicts that more information associated with a given item 

results in higher FOK judgments. This finding also argues against a generalized version 

of cue-familiarity models (e.g.. Nelson et al., 1983) in that Fan 3 concepts (names of 

objects) were presented more times during the study-test phase than Fan 2 or Fan 1 

concepts. In fact, Fan 3 concepts were presented six times more than Fan 1 concepts 

during each study-test trial. Because objects were the cues for POK judgments, this 

repetition should make Fan 3 concepts more familiar than Fan 2 or Fan 1 concepts. Yet, 

Fan 3 concepts were given lower POK judgments than Fan 1 concepts. 

The mean time to make POK judgments for Fan 2 concepts took longer than that 

recorded for both Fan 1 and Fan 3 concepts. This was the same pattem that was found for 

participants' learning performance. Fan 2 concepts may have been the most difficuU 

sentences to leam, and time to make POK judgments for such items took the longest. 

However, it is unclear why this should be because specific objects and locations were 

uniquely paired for each participant. Although leaming and time to make the judgments 

showed similar pattems, level of leaming and POK judgments showed different pattems. 

If leaming was the basis for POK judgments, then Fan 2 concepts should have been rated 

the lowest; however. Fan 3 concepts were rated the lowest supporting competition 

(Schreiber, 1998; Schreiber & Nelson, 1998) as the basis for these POK judgments. 
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The second and ancillary purpose of this experiment was to assess what effect 

varying degrees of integrated information had on POKs. It has been suggested by several 

investigators (e.g., Hayes-Roth, 1979; Moeser, 1977; Radvansky, 1999a) that better 

integration of information leads to a diminished fan effect or lack of interference relative 

to studied material that has not been integrated as well. With that line of reasoning in 

mind, it was questioned whether better integrated information would lead to higher 

POKs, or if such organization of information would be realized at the metacognitive 

level. To answer this question, an attempt was made to vary how well studied material 

was integrated by explicitly instructing some participants to use imagery techniques 

when committing the study material to memory. Unfortunately this did not accomplish 

much in terms of obtaining significant findings. There were no significant differences 

between imagery conditions (none, simple, and interactive) on the verification task. 

There are a potential nimiber of reasons that the imagery manipulation failed. The results 

obtained might be deemed a ceiling effect. Participants, regardless of instmctional 

grouping, might already have imagery in mind when committing the material to memory. 

Another reason why the imagery manipulation failed might have to do with both practice 

and amount of time allocated for study. Participants were shown sentences at a fairly 

rapid rate (7 seconds per sentence) and were not given ample to practice using the 

imagery techniques. This reasoning is probably more pertinent to the interactive imagery 

group then the other groups due to the novelty of such a technique. It seems reasonable 

that participants evoke images, but when asked to combine and have them interact, there 

might be some difficulty. Finally, maybe imagery does not necessarily reduce associati\ e 

interference. Maybe the use of imagery ensures that retrieval is imminent but not eased or 
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facilitated in terms of time to retrieve information. Or, maybe integration of information 

was attained, but integration of material just does not ensure that interference is reduced. 

Because the imagery manipulation failed, 1 conducted the next experiments adhering 

more closely to Radvansky et al.'s (1993) experiments. 
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CHAPTER IV 

EXPERIMENT 2 

Overview 

Since the initial work on the fan effect, many investigators have reported 

situations in which the fan effect can be diminished as well as a differential fan effect 

(for a review, see Anderson & Reder, 1999a; Radvansky, 1999a). One example of the 

differential fan effect was reported in Radvansky et al. (1993; Experiments 1 & 2) 

whereby participants memorized sentences in which objects were in locations. After 

people had memorized the facts about objects in locations, they were then presented with 

the original studied sentences mixed with nonstudied sentences and asked to verify 

whether a sentence had been studied. They reported a fan effect for the condition in 

which a single object was in several different locations (referred to as "multiple 

location," ML), but there was not a fan effect for the condition in which a single location 

had several objects in it (referred to as "single location," SL) Tables 4.1 and 4.2 illustrate 

examples stemming from both ML and SL conditions. This finding was interpreted by 

Radvansky et al. as evidence for the incorporation of situation models (for differing 

interpretations of the fan effect, see also Anderson & Reder, 1999a, 1999b; Radvansky, 

1999a, 1999b). When participants were studying the sentences, the nature of the 

relationship between objects and locations appeared to govern whether one situation 

model was formed versus several. As a result, the type of sentence (multiple location or 

single location) was believed to influence how information in the sentences was stored 

with better integration occurring for information stemming from SL sentences. For 
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example, it is more realistic that three objects can be in one location (one situation 

model) at a given point in time relative to the situation in which one object is in three 

different locations (three situation models). In essence, Radvansky et al.'s findings 

suggested that fan effect can be differentially affected based on multidimensional 

relations (e.g., space and time) between concepts (see also Barwise & Perry, 1983). 

Experiment 2 attempted to see if an attenuated fan effect, for verification RTs 

made for SL sentences, would influence POKs. Therefore, Experiment 2 differed from 

Experiment 1 in one major way. A materials' manipulation was introduced based on 

Radvansky's et al. (1993) study. Half of the participants received sentences in which 

there was fan for locations that varied from 1 to 3 using all unique objects. Like 

Radvansky et al. (1993) this condition was referred to as the single location (SL) 

condition. The other condition, multiple location (ML), had a fan of 1 to 3 for objects 

(e.g., A fan 2 object might be "The marble bench was in the coffee shop."and "The 

marble bench was in the ice cream parlor.") with location concepts held constant at fan 1. 

In terms of SL and ML, the first experiment used materials considered to be ML 

sentences. The purpose of this experiment was to replicate the findings in Experiment 1 

along with assessing the influence of a diminished fan effect on POKs. To do this I used 

study material that would allow for better integration for one group of participants when 

compared with a control group, who received materials identical to those in the first 

experiment. In Experiment 1, higher fan concepts for which participants made POKs may 

have resulted in lower ease of retrieval. Ease of retrieval, according to the accessibility 

hypothesis, is a factor in metamemory judgments. Therefore, I used a set of materials for 

one group which would not produce as much interference at higher fan levels, thereby 
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facilitating ease of retrieval. If ease of retrieval is important in POKs, then I expect a 

diminished fan effect for POK-queried concepts believed to be better integrated with fan 

associates relative to concepts not as well integrated with fan associates. Nelson, Sheck, 

Dunlosky, and Narens (1999) demonstrated a negative relationship between judgments-

of-leaming (JOLs) and recall latency, particularly for those items for which delayed JOLs 

were made. Thus, time to recall was associated with magnitude of metamemory 

judgments. Will time to verify studied sentences stemming from different conditions be 

correlated with magnitude of POKs as recall latency was for JOLs in Nelson et al.'s 

study? 

Table 4.1. 

Basic Schemata of Word Pairings for the Design of Experiment 2. 

Condition' Fan 1 Fan 2 Fan 3 

Single 

Location 

Multiple 

Location 

0 , -L , 

0 , -L , 

0 , -L , 

0 , - L , 

0 , -L , 

O.-L, 

0 , -L , 

o.-u 

0 , -L , 

0 , - U 

O.-L, 

O n - U 

0 , -L , 

O.-L, 

0 , -L , 

0«-L,, 

O . -L , 

O . -L , 

0 , 0 - u 

0 , , - U 

0 , - L , 

O . -L , 

0,-L,o 

0 . - L „ 

0„ - L, 

^16 " L|n 

0,9 - L,| 

V-/->-p ~ I—' 1 T 

0 , -L„ 

Om - L|f, 

U|| - L|9 

0, , -L„ 

0„ - L<, 

Ow " L,o 

^2(1 " L | , 

0., - L„ 

0, - L„ 

0)0 - L|7 

On " L,o 

0, , -L„ 

0 , , -L , 

0 | s " L|n 

0,,-L,, 

0 , . -L„ 

0 , - L „ 

^ 1 0 • L | s 

0 , , - U , 

O p - L . , 

'Note: The letter O's represent object concepts, and the letter L's represent location 
concepts. The subscripts refer to specific objects and locations. When a subscript is 
repeated, that means that the same concept is repeated as well. For nonstudied sentences, 
each concept was repaired with an alternative associate from the same cell. For example, 
object 1 would be repaired with one of the three locations within its cell (i.e.. location 2, 
3, or 4). 



Table 4.2 

Exemplar Sentences Participants Studied in Fan Experiments 

Fan 

1 

2 

3 

• 

• 

• 

• 

• 

• 

Single 
The big desk is in the office. 

The pay phone is in the hospital. 
The file cabinet is in the hospital. 

The marble bench is in the hotel. 
The oak desk is in the hotel. 
The revolving door is in the hotel. 

Location 

• 

• 

• 

• 

• 

• 

Multiple 
The ceilinR fan is in the barbershop. 

The coke machine is in the club spa. 
The coke machine is in the school. 

The exit sign is in the airport. 
The exit sign is in the lounge. 
The exit sign is in the library. 

Note: Underlined words represent the fan concepts for which participants made POKs. 

Some relations appear to facilitate integration of facts (leaming that several 

objects are in one location) relative to others (leaming that an object is in several 

locations). The facilitation of integration is argued to arise because time to recognize 

whether sentences were studied or not takes less for SL sentences relative to ML 

sentences. Based on the evidence for differential fan effects, POKs were tested to see if 

they would show a fan effect and whether such would be sensitive to the size of the fan 

effect in the verification judgment times. Will participants give higher ratings to concepts 

stemming from the SL condition relative to concepts stemming from the ML condition? 

All three metamemory models would have some difficulty accounting for a 

differential fan effect observed in the POK ratings for SL and ML conditions. However, 

the accessibility account would be better able than the other two models to accommodate 

such findings if they should arise. If better integration translates into greater ease of 

retrieval, then POKs for concepts in the SL condition at higher fan levels should greater 

than POKs made for concepts at higher fan levels in the ML condition. The SL concepts 



would represent those with the most associated information in terms of fan (high 

accessibility) and better integration (greater ease of retrieval) relative to the ML 

sentences. Unlike the accessibility model, both cue-familiarity and competition would 

not make different predictions for each of the location conditions (SL and ML). 

Method 

Participants 

A total of 40 volunteer participants recruited from the Texas Tech General 

Psychology participant pool received credit towards their course requirements in 

exchange for participation in this experiment. Half of the participants were randomly 

assigned to a single location (SL) condition and half were assigned to a multiple location 

(ML) condition. 

Materials 

The same general format for pairing objects with locations in Experiment 1 was 

used in Experiment 2. In this experiment, however, the exact pairing of objects with 

locations was modified, because the materials' manipulation required that fan be held 

constant at level 1 for locations in the ML condition and objects in the SL condition. 

Participants in the SL condition received information in which there was a fan for 

locations, meaning that each location concept had either 1, 2, or 3 object associates; 

whereas participants in the ML condition received sentences in which there was fan for 

objects with 1, 2, or 3 location associates. For example (refer to Tables 44 and 4.2). in 

the SL condition, sentences had up to three different objects associated to each location 
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with the location concept being the stimulus on which participants made their POKs. 

Conversely, participants in the ML condition received sentences in which the given 

objects were associated with up to three varying locations. POK judgments were made on 

the objects in this condition. 

Design 

The experimental design formed a 2 x 3 mixed-model factorial. Location (SL, 

ML) was manipulated between-subjects, and fan (3 levels) was manipulated within-

subjects. Dependent measures of interest were the same as in Experiment 1, namely (a) 

proportion of trials correct during the leaming phase, (b) time to make POK judgments, 

(c) POK judgments, and (d) and reaction times on verification task. 

Procedure 

The same procedure that was used in Experiment 1 was employed for Experiment 

2 with one difference. Instead of three phases, there were four phases in this experiment: 

(a) leaming phase; (b) predictions; (c) verification; and (d) confidence. In the leaming 

phase, participants were presented with 24 sentences that adhered to the following 

structure: "The (object's name) is in the (location's name)." Each sentence was presented 

on a computer monitor for 7 seconds. After all sentences were presented, participants 

were engaged in a cued-recall task in which either an object or location was presented for 

them to type in the given item's associated information. The displayed question was in 

the following format: "Where is the (object's name) located?" for SL concepts, or "What 

is located in the (location's name)" for ML concepts. If the participant typed in the 
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incorrect response, the correct answer was displayed for 3 seconds. Participants had to 

correctly answer all 24 questions in a row to advance into the next phase; otherwise, they 

would return to the begiiming of the experiment in which the sentences were redisplayed 

followed by the cued-recall task. 

After answering all 24 questions correctly, participants made POKs. Participants 

entered a number representing their prediction (or POK) for how well they would 

recognize facts associated with either object or location on a scale of 1 (Not at all 

confident) to 7 (extremely confident). Twelve objects or locations, depending on 

condition to which the participant was assigned, were displayed for the participant to 

make POKs. For example, participants in the SL condition made POKs for locations in 

which each location varied in terms of how many objects were associated with the 

location (fan 1-3). Thus, for example, participants would be given the following query, 

"How confident are you that you will recognize studied fact(s) involving the hotel?" 

Likewise, participants in the ML condition made POKs for objects which varied in terms 

of fan as well. Therefore, they answered questions like the following, "How confident are 

you that you will recognize studied fact(s) involving the exit sign?" 

At the completion of the prediction phase, participants entered the verification 

phase. Sentences were either from the original study set or were new sentences which 

were repairings of the original objects and locations. The repairings were formed such 

that concepts were repaired with associates from the same cell of the design (see Table 

4.1). Thus, fan 1, 2, and 3 objects were repaired with fan 1, fan 2, and fan 3 locations 

respectively. Participants responded tme (for studied sentences) by pressing the / 

(forward slash) key or false (for nonstudied sentences) by pressing the z key. 
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Immediately following a response to studied versus nonstudied sentences, participants 

indicated on a scale of 1 (Not At All Confident) to 7 (Extremelv Confident) how well 

they correctly identified the sentence (as being either tme or false). As a result, 

participants did not receive feedback regarding their selection of either tme or false. 

Results 

The major dependent measures of interest were the levels of predictions and 

reaction times in the verification phase. An ancillary measure of interest included 

confidence judgments. As in Experiment 1, proportion of trials correct during leaming 

and time to make POK judgments were also analyzed. 

Verification Reaction Times 

Figure 4.1 displays the mean reaction times for verifying whether a sentence had 

been studied collapsed over tmth (studied vs. nonstudied). A 2 (Location) x 2 (Tmth) x 3 

(Fan) mixed model ANOVA yielded a main effect for fan, F (2, 76) = 3.39, MSE = 

160,733.40. Follow-up polynomial contrasts showed a significant linear trend for fan, F 

(1, 38) = 5.38, MSE = 180,993.50. There were no significant main effects for either tmth 

or location, F < 1 and F (1, 38) = 2.54, MSE = 1,521,609, respectively. 

The main interest was in the interaction of fan and location, but this was 

nonsignificant, F < 1 (observed power was .24). Because a fan effect was predicted in the 

ML but not in the SL condition, one-way repeated measures ANOVAs were conducted 

for each location condition. For the ML condition, the analysis yielded a marginally 

significant fan effect, F (1, 19) = 3.12, MSE = 94,056.41, p = .06, with a significant 
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linear trend, F (1, 19) = 4.85, MSE = 104,011.50. The ANOVA for the SL condition did 

not yield a significant fan effect, F < 1, nor was there a significant linear trend, F < 1. The 

overall error rate on the verification task was 1.4% (SE = .004). An analysis of 

participants' error rates yielded nonsignificant effects for tmth, F (1, 38) = 1.69, MSE < 

1; fan, F (2, 76) = 1.76, MSE < 1; and location, F < 1. 
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Figure 4.1. Mean Verification RTs as a Function of Fan and Location for Experiment 2. 
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POK Judgments 

Figure 4.2 displays the mean ratings of participants' POKs for each level of fan. 

These data were entered into a 2 x 3 repeated-measures ANOVA. A significant fan 

effect, F (2, 76) = 12.94, MSE = .28, with a significant linear, F (1. 38) = 13.51, MSE = 

.37, and a significant quadratic trend, F (1, 38) = 11.75, was obtained. The fan by 

location interaction was nonsignificant, F < 1. Because there was some evidence for a 

reduction in the fan effect for verification reaction times, each condition was analyzed 

separately. There was a significant linear fan effect for the multiple location condition, F 

(1, 19) = 8.54, MSE = .22, in which POKs decreased as a function of fan. The single 

location condition also produced a significant linear effect, F (1, 19) = 5.49, MSE = .43, 

and a significant quadratic effect, F (1, 19) = 15.17, MSE = .14. In this case, POKs 

decreased from fan 1 to fan 2 but slightly increased from fan 2 to fan 3. 

In general, POKs decreased as a function of fan, whether they were made for 

locations in the SL condition or for objects in the ML condition, presenting more 

evidence for a competition hypothesis. Mean times to make POK judgments collapsed 

over tmth and location revealed an inverse relationship with fan (3751 ms, fan 1; 3687 

ms, fan2; and 3594 ms, fan3), but there were no significant effects when analyzing these 

times with F < 1 for all variables. 
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Figure 4.2. Mean POK Ratings by Fan and Location for Experiment 2. 

Confidence Judgments 

Unlike degree of POKs, degree of confidence was highest for sentences 

containing the higher fan concepts. The means for these judgments collapsed across tmth 

and location were 6.83, 6.83, and 6.92 for fan 1, 2, and 3 sentences, respectively. Fan was 

the only significant effect, F (2, 76) = 6.43, MSE = .05; Tmth and location were 

nonsignificant, Fs < 1. There were no significant interactions (Tmth x Location, F < 1.00; 

Fan x Location, F (2, 76) = 1.01, MSE = .05; and Tmth x Fan x Location, F < 1).̂  

^Due to the fact that confidence judgments were not a primary interest of the 
investigation, they were no longer used in the experiments that follow. Moreover, these 
judgments may have slowed verification RTs considerably, and they may have been 
related to the absence of a Location x Fan interaction in verification RTs. 
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Leaming Phase Data 

Next the participants' leaming rates were analyzed to determine whether the 

magnitude of POKs was dependent on level of learning. First, the average number of 

blocks (each block consisted of 24 trials) it took participants to leam the material to the 

criterion of 24 questions correctly answered in a row was examined. It took participants 

in the SL condition an average of 3.85 blocks to reach criterion, and participants in the 

ML condition took slightly longer to reach criterion with the average number of blocks 

being 4.20. A one-way between-groups ANOVA, however, indicated no significant 

different between the location conditions, F < 1. 

The proportion of trials on which each object was correctly recalled in the study-

test phase of the experiment was calculated. For the SL condition, the mean proportion 

correct for Fan 1, Fan 2, and Fan 3 concepts was .77, .78, and .78 respectively. For ML 

concepts, the mean proportion correct was .72, .70, .72 for levels of Fan 1 through Fan 3, 

respectively. Though it appears that there was slight advantage for participants studying 

SL sentences, no significant effects were obtained. The results for a 2 (Location) x 3 

(Fan) mixed-design ANOVA indicated nonsignificant effects for the fan and location 

variable, F < 1, as well as for the Fan x Location interaction, F < 1. 

Discussion 

Although the manipulation to attenuate the fan effect in verification times did not 

produce a significant interaction between location condition and fan, follow-up one-way 

ANOVAs demonstrated that interference was reduced in the SL condition. As fan 

increased, time to verify sentences increased when objects were placed in multiple 
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locations, but not as much when multiple objects were placed in single locations. 

Regardless of the size of the fan effect, POKs decreased as a function of fan for both the 

SL and ML conditions in the prediction phase. Although evidence for a differential fan 

effect on the verification task was garnered, a similar pattern was not obtained for the 

POK task. Therefore, unlike Nelson et al. (1999), I did not find a relationship between 

metamemory, in the form of POKs, and time to verify studied from nonstudied sentences. 

For location concepts, retrieval resulted in less interference, allowing for a relatively 

higher ease of retrieval, but this attenuated fan effect did not occur in the POK phase. I 

assumed that better integration, in terms of quicker verification RTs, might provide 

support for the accessibility model, but this was not the case in this experiment. The 

competition hypothesis predicts that as fan increases, regardless of which condition (SL 

or ML), more activation spreads resulting in more competition. As competition increases, 

magnitude of POKs are predicted to decrease, and this was supported by the findings. 

Although an attempt to adhere closely to Radvansky and colleagues' procedure 

was initiated, there were two major differences that may account for why a stronger 

differential fan effect was not obtained. First, the materials' manipulation (single vs. 

multiple location) was done between participants rather than within-subjects. This may 

have weakened the effect. The second difference was including the confidence judgment 

task. This may have also weakened the chances for the differential fan effect, because it 

did not allow feedback for the participants' responses to the test trials. The confidence 

task may have also interfered with time to make decisions conceming whether a test 

sentence was studied or not studied. Typically, the verification task is a speeded test, but 

having participants switch from the verification task to the confidence rating task may 
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have adversely affected the verification RTs. Thus, the confidence judgment task was not 

included in any of the following experiments. 
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CHAPTER V 

EXPERIMENT 3 

Overview 

Although Experiment 2 showed some evidence for a reduced fan effect in 

verification times, the Fan x Location condition interaction was not significant. The 

purpose of Experiment 3 was to increase the power of the interaction, which was .24 in 

Experiment 2. This was attempted in three major ways. First, stimuli that were normed 

for sensibility (see Methods section) were used as study materials. Only those sentences 

that received high sensibility ratings (i.e., those that made the most sense) were used. 

According to a situation model, which is based on mental model (Glenberg, Meyer, & 

Lindem, 1987; Johnson-Laird, 1983) interpretation of the fan effect (see Radvansky, 

1999), fan 3 location concepts (i.e., when 3 objects are in one location) relative to fan 3 

object concepts (i.e., when one object is in 3 different locations) resuh in little 

interference because a person can store information more efficiently in the single location 

condition. For such items, the participant is assumed to create one situation model versus 

creating three situation models for a fan 3 object concept (in the ML condition). By 

incorporating highly sensible sentences, the integration of several objects in one location 

should be easier in the SL condition. 

Second, I treated the location variable (SL vs. ML) as a within-subjects variable. 

Thus, participants were exposed to both single and multiple location conditions. This is 

what has typically been done in demonstrating differential fan effects (Radvansky. 1999; 

Radvansky et al., 1993; Radvansky & Zacks, 1991). 
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Third, participants made verification responses on four blocks of 48 trials; in 

Experiments 1 and 2, participants responded to one block of trials. More practice is 

consistent with previous experiments demonstrating a differential fan effect (Radvansky 

et al., 1993; Radvansky & Zacks, 1991). 

Method 

Participants 

A total of 20 volunteer participants recmited from the Texas Tech General 

Psychology participant pool received credit toward their course requirements in exchange 

for participation in this experiment. Each participant was randomly assigned to one of 

four lists with 5 participants per list. 

Materials 

The materials consisted of sentences that adhered to the same format as in 

Experiment 1, namely, "The object is in the location." There were four sets of 24 

sentences normed for sensibility in an earlier study. The procedure was similar to that 

reported by Radvansky and Zacks (1991) and Radvanksy et al. (1993). In the earlier 

norming study, all possible combinations for 32 objects and 32 locations were 

constmcted. From this, there was a total of 1,024 sentences. These sentences were 

randomized and constructed into 8 booklets. Participants in this norming study received 

one booklet of 128 sentences for which to make sensibility ratings. Participants were 

instmcted to circle the number they felt best represented the sensibility of sentences. 

Sensibility in this context referred to how likely a given object would appear in the 

46 



presented location. Therefore, the more likely a given object would be pictured or 

associated with the given location, the higher the sensibility rating. For example, "The 

barmer is in the gym," is more likely to occur than "The banner is in the garage," 

although both are sensible, one sentence is clearly more sensible than the other. To do 

this, each participant simply circled a number on a scale of 1 (Extremely nonsensible) to 

7 (Extremely sensible). There were a total of five observations per sentence. The 

sentences with the highest overall ratings were then selected for use. Four separate lists 

were constmcted from the highest sensible sentences (see Appendix D). The lists were 

constructed such that each list represented a unique set of sentences in terms of condition 

(SL/ML) and fan. For example, a sentence from List 1 in the SL fan 3 condition would 

not occur as such in the other lists. The overall mean sensibility ratings of the stimuli for 

lists 1 through 4 consecutively were 6.72, 6.71, 6.75, and 6.72, on a 7-point scale (see 

Appendix A for complete listing of means for each level of fan by location condition). 

Procedure and Design 

The procedure was identical to that used in Experiment 2 with the exception of 

including three more blocks of verification trials. The design differs from Experiment 2 

in that both condition and fan were treated as within-subjects variables. I randomly 

assigned participants one of four object-location lists, making list a between-groups 

variable. 
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Results 

Verification Task Performance 

Figure 5.1 displays the mean reaction times for verifying whether a sentence had 

been studied aggregated over tmth (studied vs. nonstudied). Mean response latency for 

studied sentences (1542 ms) was quicker than that for nonstudied sentences (1635 ms). 

Overall, participants responded more quickly to SL condition sentences (1550 ms) than 

to ML condition sentences (1627 ms). And, as fan increased, response latency increased 

as well (1479 ms, 1610 ms, 1678 ms). A 2 (Condition) x 3 (Fan) x 2 (Tmth) mixed model 

ANOVA yielded three significant main effects for tmth, F (1, 19) = 11.89, MSE = 

43,720.11; location, F (1, 19), = 10.98, MSE = 32,496.19; and fan, F (2, 32) = 13.85, 

MSE = 59,128.64 with a significant linear contrast, F (1, 19) = 20.12, MSE = 78,730.41. 

The critical Condition x Fan interaction was also significant, F (2, 38) = 4.99, 

MSE = 72,716.54 (observed power was .78). There was a significant linear contrast for 

this interaction, F (1, 19) = 7.74, MSE = 50,373.13, indicating a steeper slope in the ML 

than in the SL condition. A follow-up one-way repeated-measures ANOVA for the ML 

condition yielded a significant effect for fan, F (2, 38) = 17.06, MSE = 30,813.65 with a 

significant linear component, F (1, 19) = 24.64, MSE = 35,964.39. There was no 

significant fan effect in the SL condition, F (2, 38) = 1.86, MSE = 35,108.95. A fan effect 

was observed in the ML condition and not the in the SL condition. Thus, I obtained a 

differential fan effect in which there was greater interference with an increased number 

of facts in the ML condition but not for the SL condition. 
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Figure 5.1. Mean Verification RTs by Fan and Location Condition for Experiment 3. 

An analysis of participants' error rates indicated that participants correctly 

verified studied sentences (3.1%, SE < .01) better than nonstudied sentences (7.2% SE = 

.02), F (1, 19) = 6.81, MSE = .01. Fan was also significant, F (2, 38) = 3.83, MSE = .01, 

with participants missing the least on Fan 1 concept sentences (2.3%, SE .01), followed 

by Fan 3 (5.1%, SE = .01) and Fan 2 (8.0%, SE = .02) concept sentences. The Fan x 

Location interaction was also significant, F (2, 38) = 4.56, MSE = .02. A closer 

inspection of the means indicated a U-shaped distribution of error rates for the SL 

sentences with mean error rates being 2.5%, 12%, 3.2% for Fan 1, 2, and 3 sentences. 
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respectively. For the ML sentences the fan effect was linear with error rates increasing as 

a function of fan (2.2%, 3.9%, and 6.9% for Fan 1, 2, and 3 sentences, respectively). 

POK Judgments 

Figure 5.2 displays the mean ratings of participants' POKs for each level of fan. 

These data were entered into a 2 x 3 repeated-measures ANOVA yielding a significant 

effect for fan, F (2, 38) = 12.23, MSE = .52. As fan increased, the magnitude of POKs 

decreased for both conditions. Follow-up polynomial contrasts indicated a significant fan 

effect for both the linear contrast, F (1, 19) = 15.83, MSE = .69, and the quadratic 

contrast, F = 5.07, MSE = .35. As fan increased, POKs decreased, but there was a greater 

drop from fanl to fan 2 (difference being 0.64) than from fan 2 to fan 3 (difference being 

0.21). The Fan x Location interaction was nonsignificant, F (2, 38) = 1.21, MSE = .32. 

Due to the finding of a differential fan effect for verification RTs, I next 

conducted a follow-up one-way repeated-measures ANOVA for the SL condition. This 

yielded a significant effect for fan, F (2, 38) = 3.45, MSE = .34 with a significant linear 

trend, F (1, 19) = 4.39, MSE = .24, but not a significant quadratic trend, F (1, 19) = 2.94, 

P = .10. There was also a significant fan effect in the follow-up ANOVA for the ML 

condition, F (2, 38) = 3.65, MSE = .65. And like the SL condition, there was a significant 

linear trend, F (1, 19) = 5.26, MSE = .80, but not a significant quadratic trend, F (1, 19) = 

1.07, MSE = .50. These results indicate that the effect of fan was evident for both 

conditions such that POKs decreased as a function of fan. These results replicate in part, 

the findings in Experiments 1 and 2 providing more evidence for the competition 

hypothesis. 
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The time to make POKs in milliseconds was entered into a 2 (Location) x 3 (Fan) 

repeated-measures ANOVA. This yielded a significant location effect, with time to 

make POKs longer for SL (3460 ms) concepts than for ML concepts (2989 ms), F (2, 38) 

= 12.23, MSE = .52. 
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Figure 5.2. Mean POK Ratings by Fan and Location Condition for Experiment 3. 

Leaming Phase Data 

Next I analyzed participants' leaming rates to determine whether the magnitude 

of POKs was dependent on level of leaming. First, I examined the average number of 
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blocks, which consisted of 24 trials, it took participants to leam the material to the 

criterion of 24 questions correctly answered in a row. On average, it took participants 

3.65 blocks (SE = .25, SD = 1.14) to reach criterion. 

The proportion of trials on which each object was correctly recalled in the study-

test phase did not vary significantly by fan or by location. Mean proportion correct for 

Fan 1, Fan 2, and Fan 3 SL concepts were .76, .77, and .78, respectively. For the ML 

concepts, mean proportion correct for Fan 1, Fan 2, and Fan 3 levels were .77, .77, and 

.78, respectively. A 2 (Location) x 3 (Fan) repeated-measures ANOVA was conducted to 

evaluate the effects of fan and location on leaming. No significant findings were 

obtained, Fs < 1 for fan, location, and the fan by location interaction. 

Discussion 

The results of Experiment 3 replicate the finding that POKs decrease as a function 

of fan regardless of whether POK queried concepts stemmed from the SL or ML 

condition. Furthermore, the SL sentences displayed less interference in terms of verifying 

studied sentences, thus producing an interaction between fan and location. On average, 

participants verified SL sentences more quickly than ML sentences, but there was no 

noticeable difference between the groups' POKs. More evidence for a competition 

hypothesis at the metacognitive level rather than at a cognitive level was gamered. This 

was supported by the finding that as fan increased POKs decreased; however, as fan 

increased time to verify sentences in the SL condition was not as prone to interference 

relative to verifying sentences in the ML condition. That these two levels, metacognitive 

and cognitive, do not mirror each other is in line with Nelson and Narens" (1990) theory 
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of metamemory as a whole (discussed further in Appendix A). Briefly, they posit that the 

meta-cognitive level is indirectly tied to the cognitive level akin to that of a hand set of a 

phone and a person on the other end of the line. The metacognitive level receives input 

from the cognitive level and directs the cognitive level based on such input. So for 

example, you might be reading a text (cognitive level) and realize that you missed an 

important point (metacognitive level) and therefore you may reread the section with the 

important point, but there is nothing to make certain that such an event will occur. You 

may feel that the point will be repeated later, so you do not do a thing about it - hence the 

indirect connection. 
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CHAPTER VI 

EXPERIMENT 4 

Overview 

In Experiments 1 through 3, participants may have misinterpreted the prediction-

of-knowing query while in the prediction phase; therefore, I conducted another 

experiment manipulating the instmctions for making POKs. In the previous three 

experiments, participants made predictions about their confidence for correctly 

recognizing studied facts containing the POK-queried concept. I assumed that 

participants would interpret this as all studied facts associated with the queried concept. 

This may not have been the case. For this experiment, I explicitly stated what participants 

should have in mind when making predictions. When making POKs, one group of 

participants was told to indicate how confident they were in recognizing at least one 

studied sentence involving the fan concepts; whereas, the other group indicated their 

confidence in recognizing all studied sentences involving the fan concepts. Predicting 

future recognition of at least one studied sentence for fan 3 concepts may result in higher 

POK ratings than for a fan 1 concept due to accessibility (i.e., more facts mean that at 

least one should be retrievable at test). Phrasing the query in terms of all facts may focus 

participants attention on the greater competition that exists for fan 3 concepts than for fan 

1 concepts. Thus, I thought that I might see increased predictions as fan increased in the 

at least one condition supporting accessibility, and decreased predictions in the all 

condition supporting competition. 
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Method 

Participants 

A total of 40 volunteer participants recmited from the Texas Tech General 

Psychology participant pool received credit towards their course requirements in 

exchange for participation in this experiment. Half were randomly assigned to the at least 

one condition, referred to hereafter as POK-one condition, and half were assigned to the 

all condition, referred to hereafter as the POK-all condition. 

Procedure and Design 

The procedure and design were identical to those used in Experiment 3 with the 

exception of including two sets of different instructions for the POK phase. One group of 

participants made predictions for correctly recognizing at least one studied sentence that 

contained the POK queried concept, whereas the other group made predictions for 

correctly recognizing all studied sentences. 

Results 

Verification Task Performance 

Figure 6.1 displays the mean reaction times for verifying whether a sentence had 

been studied collapsed over tmth (studied vs. nonstudied). Participants were quicker to 

verify studied sentences (1520 ms) than nonstudied sentences (1569 ms). They also 

verified SL sentences more quickly (1518 ms) than ML sentences (1571 ms). And as fan 

increased, there was a concomitant increase in response latencies (1426 ms, 1557 ms, and 

1652 ms). A 2 (Truth) x 2 (Location) x 3 (Fan) mixed model ANOVA yielded three 
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significant main effects for the following variables: tmth F (1, 39) = 16.79, MSE = 

39,206.21 location, F (1, 39), = 15.11, MSE = 47,066.63; and fan, F (2, 78) = 24.19, MSE 

= 83,237.73. The Location x Fan interaction was also significant, F (2, 78) = 4.04, MSE 

= 54,880.63 (observed power was .71). Follow-up contrasts yielded a significant linear 

contrast for fan, F (1, 39) = 55.28, MSE = 72,148.16 and a significant quadratic contrast 

for the Location x Fan interaction, F (1, 39) = 4.95, MSE = 74,143.19, but no linear 

contrast for the interaction, F (1, 39) = 2.14, MSE = 1,389,105. 

A follow-up one-way repeated-measures ANOVA for the ML condition yielded a 

significant effect for fan, F (2, 78) = 18.89, MSE = 76,982.07, with both a significant 

linear component, F (1, 39) = 34.31, MSE = 75,322.57 and a significant quadratic trend, 

F (2, 78) = 4.14, MSE = 78,641.57. For the SL condition there was a significant fan 

effect, F (2, 78) = 12.78, MSE = 61,136.30 with a significant linear trend, F (1, 39) = 

45.63, MSE = 32,443.67. Like the previous experiment, I found a significant Location x 

Fan interaction; however, the fan effect was only attenuated in the SL condition relative 

to the ML condition, not eliminated. I obtained a differential fan effect in which there 

was greater interference with an increased number of facts in the ML condition relative 

to the SL condition. More interference was also evident in the SL condition with 

increasing fan, but participants, overall, verified these sentences more quickly relative to 

sentences in the ML condition. 
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Figure 6.1. Mean Verification RTs by Fan and Location Condition for Experiment 4. 

Analysis of participants' error rates revealed a significant fan effect, F (2, 78) = 

9.84, MSE = .004. As fan increased, participants error rates increased as well, with mean 

error rates at 1.8%, 3.6%, and 4.9% for Fan 1, 2, and 3, sentences respectively. Tmth was 

nonsignificant, F < 1. Location was nonsignificant, F (1, 39) = 3. 31, MSE = .002. The 

location by fan interaction was also nonsignificant F < 1. 
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POK Judgments 

Figure 6.2 displays the mean ratings of participants' POKs for each level of fan as 

a function of location and POK condition (1 vs. all). These data were entered into a 2 

(POK Condition) x 3 (Fan) x 2 (Location) mixed model ANOVA yielding a significant 

effect for fan, F (2, 76) = 15.66, MSE = .53 and a significant effect for POK condition, F 

(1, 38) = 8.51, MSE = 2.83. The overall mean for the POK-one condition (6.51) was 

higher than that for the POK-all condition (5.88). As fan increased, the magnitude of 

POKs decreased for both location and POK conditions. Follow-up polynomial contrasts 

for fan indicated a significant fan effect for the linear contrast, F (1, 38) = 20.57, MSE = 

.75. The Fan x POK condition interaction was nonsignificant, F (2, 76) = 2.30, MSE = 

.53, as was the Fan x Location interaction, F < 1. Participants' ratings in the POK-all 

condition were reliably lower than ratings in the POK-one condition; however, both 

groups' ratings decreased as fan increased. 

The analysis for time to make POKs data resulted in one significant effect. As fan 

increased, mean times to make POKs for SL concepts took longer (Fanl = 2360 ms. Fan 

2 = 3180 ms, and Fan 3 = 3650 ms) relative to the times made for ML concepts (Fan 1 = 

2810 ms, Fan 2 = 2620 ms, and Fan 3 = 2620 ms). The Location x Fan interaction was 

statistically reliable, F (2, 76) = 4.93, MSE = 11,000,000. A follow-up contrast indicated 

a significant linear contrast, F (1, 38) = 10.25, MSE = 2,133,118. The quadratic contrast 

was nonsignificant, F < 1. Follow-up ANOVAs resulted in a significant fan effect for the 

SL condition, F (2, 76) = 6.39, MSE = 2,661,661, and a nonsignificant fan effect for the 

ML condition, F < 1. Follow-up polynomial contrasts for the SL condition revealed a 
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significant linear contrast, F (1, 38) = 12.088, MSE = 2,744,247, and the quadratic 

contrast was nonsignificant, F < 1. 
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Figure 6.2. Mean POK Ratings by Fan, Location Condition, and POK Condition for 
Experiment 4. 

Leaming Phase Data 

Next I analyzed participants' leaming rates to determine whether the magnitude 

of POKs was dependent on level of leaming. On average, it took participants 4.57 (SE = 

.31) blocks with the to reach criterion. 

The proportion of trials on which each object was correctly recalled in the study-

test phase of the experiment was calculated. Mean proportion correct for each level of fan 
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by location condition was .77, .75, and .75 for SL Fan 1, 2, and 3 concepts, respectively. 

For ML Fan 1 through 3 concepts, respectively, mean proportion correct was .79, .75, 

and .78. All effects, location, fan, and the Location x Fan interaction were nonsignificant: 

F (1, 39) = 1.59, MSE = .01 for location; F (2, 78) = 1.02, MSE = .001 for fan; and F < 1 

for the Location x Fan interaction. 

Discussion 

The primary purpose of Experiment 4 was to see whether a POK instructional 

manipulation would alter peoples' POK judgments. If so, would such results be 

consistent with an accessibility hypothesis? I found that participants told to predict future 

verification performance for at least one studied sentence containing a POK-queried 

concept were more confident overall than participants who yielded POKs based on 

recognizing all studied sentences containing the POK-queried concept. For both 

conditions, though, POKs decreased as a function of fan, opposing a pure accessibility 

heuristic for such judgments. Regardless of POK-condition, fan 3 concepts reliably 

yielded the lowest POKs, thus supporting a competition model of metamemory 

judgments. 
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CHAPTER VII 

GENERAL DISCUSSION 

Although the primary ramifications of the results reported here speak to models 

of metamemory, the results also speak to the nature of knowledge representation. The 

findings here extend Schreiber (1998) and Schreiber and Nelson's (1998) findings 

supporting the competition hypothesis over both a generic cue-familiarity hypothesis and 

the accessibility hypothesis (Koriat, 1993, 1995) of metamemory judgments for 

recallable items. Therefore, it appears that competition serves as a potential base 

underlying metamemory judgments for recently leamed material; this base was 

demonstrated using a different paradigm which also entailed using different stimulus 

materials compared to that of Schreiber's experiments. These findings are also consistent 

with those of Maki (1999). She reported more evidence for competition than for either 

cue-familiarity or accessibility in accounting for FOKs and judgments-of-leaming (JOLs) 

with paired-associates. In the present experiments, as fan increased, interference was 

attenuated in the verification times for sentences in the SL condition; yet in the prediction 

phase, participants reliably made lower predictions for concepts attached to more items 

relative to concepts attached to fewer items. This finding is similar to what Maki (1999) 

reported. When same responses were paired with different stimuli across lists of paired-

associates, there was no evidence of interference in recall; however, participants gave 

lower judgments compared to those in a control group who received only one stimulus 

paired with a response. Like Maki (1999), I demonstrated a dissociation between level of 

interference in memory and metamemory. In general, participants responding to SL 
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sentences on the verification task showed less interference relative to responding to ML 

sentences, but POKs for SL concepts were just as prone to the fan manipulation as were 

ML concepts. 

This study differs from previous research investigating metamemory judgments in 

various ways. First, metamemory models were investigated using an interference 

paradigm, referred to as a fan paradigm, borrowed from Anderson (1974) and Radvansky 

and Zacks (1991). Next, as a result of using a fan paradigm, the materials were 

manipulated so that both cue-familiarity and accessibility were controlled experimentally 

with the fan manipulation. Higher fan concepts were necessarily repeated allowing for 

more exposures relative to lower fan concepts. The repetition of fan concepts should have 

made these concepts more familiar than lower fan concepts. The increased familiarity, in 

tum should have increased the magnitude of POKs. Fan, in essence, was loosely 

interpreted as accessibility. Fan referred to the amount of information stemming from a 

particular concept. Higher fan concepts should have resulted in higher levels of 

accessibility, and this should have resulted in higher magnitudes of POKs, which was not 

the case. And unlike other previous instances of interference paradigms, participants had 

to leam up to three associates linked to a POK-queried cue using sentential materials. 

This aspect of the experiments could be said to increase the ecological validity of the 

competition hypothesis to a certain extent. Finally, a nonstandard type of FOK judgment, 

POK, was used. POKs, unlike standard FOKs, reflect one's future memory performance 

on all studied items, and in this case, these had been leamed extremely well, another 

important distinction of these experiments. This study, taken into consideration with 

Maki (1999) as well as with Schreiber (1998) and Schreiber and Nelson (1998), provides 
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convergent evidence for both the versatility and strength of the competition hypothesis as 

an underlying mechanism for metamemory. 

This investigation still leaves several questions unanswered due in part to 

unexpected findings and potential weaknesses of the present set of experiments. One 

question asks what would bring about a degree of integration of materials that could be 

sensed at a metacognitive level. It seems feasible that degree of integration could be 

recognized at the metacognitive level, and just because such evidence was not obtained in 

the present set of experiments does not mle out this option. Unlike other investigations of 

the fan effect, participants leamed items to a different criterion. In Anderson (1974), for 

instance, the criterion was set so that participants had to correctly answer questions twice 

in a row. But this was approached in a not so straight forward maimer. When a 

participant would correctly answer a question, it would be dropped. Once all of the 

questions were dropped, the whole cycle of questions would be repeated again. 

Radvansky et al. (1993) had participants leam items twice in a row as well. But there was 

no dropping of questions like that employed by Anderson (1974). In the present set of 

experiments participants had to answer all items correctly in a row prior to making 

POKs. Having participants overleam material (something like that achieved in Hayes-

Roth, 1977) might enhance the integration and lead to a reduction in competition at the 

metacognitive level. 

The issue of materials lending themselves to integration raises another question. 

What exactly distinguishes integration from interference? Or, what exactly does 

integration mean? In my study, integration was meant to represent a lack of interference 

where you would normally expect it. In all honesty, though, recording time to make 
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verification responses may not have been a sensitive measure of integration, although 

Radvansky and colleagues (Radvansky & Zacks, 1991; Radvansky et al., 1993) may 

argue otherwise. I believe that this issue could be better resolved by looking at other 

measures in addition to RTs. Time to acquire newly leamed information may be one kind 

of assessment. Another assessment might involve looking at rate of recall and time for 

recall. Furthermore, POKs may not be as sensitive to interference relative to other types 

of metamemory judgments. For instance, JOLs could be gamered looking at which 

stimuli allowed for better recall, or something akin to Maki's (1999) JOLs might be used. 

However, I sense that concepts need to be associated with more pieces of information. 

These altematives bring out a definite weakness of the present set of experiments, 

namely the reliance on only one type of metamemory judgment. Use of multiple types of 

judgments (e.g., EOLs, FOKs, JOLs, and POKs) could be incorporated relatively easily 

at different stages within the experiments conducted here. 

Another question worth empirical clarification involves nature of the POK-

queried stimuli versus the nature of the verification stimuli. Maybe making predictions 

for the actual sentences rather than the object concepts and location concepts would 

result in a pattem of POKs that more closely mirrors the pattem of verification RTs. A 

closer correspondence between the two types of stimuli, POK and verification stimuli, 

may provide a better measure of interference. 

And on a related issue, it would be interesting to see what differences would have 

accrued by having participants make POKs for the fan-associated concepts in addition to 

the fan concepts themselves. For instance, consider the following four sentences where 

the first three fall into the category of 3-1 fan sentences and the fourth sentence is a 1-1 
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fan sentence: 

1. The potted palm is in the hotel. 
2. The potted palm is in the airport. 
3. The potted palm is in the kitchen. 

4. The exit sign is in the high school. 

According to the results of my experiments, a POK for potted palm should be lower 

relative to a POK for exit sign due to more competition stemming from the associates 

connected to potted palm. Would the same be tme if POKs were made for the associates 

of potted palm (i.e., hotel, airport, and kitchen)? If backwards associations resuh in 

spreading activation then it is possible that these associates would result in lower POKs 

relative to a pure Fan 1 concept (e.g., exit sign or high school). On the other hand, both 

Anderson (1974) and Radvansky and Zacks (1991) appeared to show that backwards 

associations were not a major contributor of interference even though this factor was not 

directly controlled. 

The finding that a differential fan effect was not registered at a metacognitive 

level is in line with current thought regarding metamemory judgments. That is to say, 

when making predictions, participants do not necessarily monitor the actual contents of 

memory, but instead rely on both analytic and nonanalytic inferences of such material 

(see Nelson & Narens, 1990). This line of thought is similar to both the cue-familiarity 

and accessibility hypotheses, both of which posit that FOKs are based on nonanalytic 

inferential heuristics (Koriat, 1998). While there are definite distinctions between all 

three models of FOK, on this point there is agreement. I therefore acknowledge that a 

type of nonanalytic heuristic appears to be important, implying that the competition 
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hypothesis does not reflect a direct-access account of metamemory. This is supported 

not only by the finding that the fan effect was reduced for verification RTs in the SL 

condition relative to the ML condition, but also by the inconsistent effect of fan on other 

dependent measures, such as learning acquisition, magnitude of POKs, and time to make 

POKs. 

One might suppose that during the prediction phase, participants simply are 

retrieving all of the sentences they remembered seeing containing the queried concept. If 

so, then I would expect to see time to make such judgments as being more a function of 

fan; this was not the case. Based on this finding, as well as the fact that participants were 

instmcted to make their predictions as accurately and quickly as possible I feel confident 

that the competition hypothesis can be interpreted as an indirect-access mechanism 

underlying POKs. 

In review, four experiments were conducted to better understand the nature of 

metamemory judgments. This investigation was undertaken primarily because of the 

conflicting results stemming from different models of metamemory, each of which 

emphasized a different underlying base (cue-, target-, and competition/activation-based) 

for metamemory judgments. The generalized cue-familiarity model (Koriat & Lieblich, 

1977; Nelson et al., 1984) predicted that as familiarity increased there should have been a 

concurrent increase in POKs. Familiarity for the four experiments was operationalized as 

the number of occurrences a particular POK-queried concept appeared in study 

sentences, or fan. However, the concepts belonging to higher fan levels almost always 

evoked lower ratings relative concepts belonging to lower fan levels. Although this 

generalized cue-familiarity hypothesis was not supported in any of the experiments, there 
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exists another more formal model of cue-familiarity (see Metcalfe, 1993; Metcalfe et al.. 

1993; Miner & Reder, 1994; Reder, 1987; Reder & Ritter, 1992) that is relevant to very 

fast judgments. However, the present results are not relevant to this model because the 

judgments were not speeded, and the judgments were made on recallable items. The 

findings reported in the present experiments contradict a generalized cue-familiarity 

position on metamemory judgments as well as Koriat's (1993, 1994, 1995) accessibility 

hypothesis, which made the same predictions, albeit for different reasons, as the general 

cue-familiarity model of FOK. However, the obtained findings may be limited to 

materials that are recently leamed to a strict criterion. Furthermore, only magnitude of 

the POKs was of any interest. The actual accuracy of these judgments have not been 

accounted for. Demonstrating the validity of the competition hypothesis using different 

materials and possibly a different paradigm, rather than the fan, would help improve this 

model's proposed mechanism underlying metamemory judgments. As it stands currently, 

only the accessibility account of metamemory offers a rationale for the accuracy of 

metamemory judgments in the form of FOKs. Regardless, though, across all four 

experiments, the competition hypothesis was supported. 

67 



REFERENCES 

Anderson, J. R. (1974). Retrieval of propositional information from long-term memory. 
Cognitive Psvchologv. 6. 451-474. 

Anderson, J. R. (1995). Human memory: Retention and retrieval. In Cognitive 
psvchologv and its implications (4'̂  ed., pp. 198-235). New York: Freeman and 
Company. 

Anderson, J. R. & Reder, L. M. (1999a). The fan effect: New results and new theories. 
Joumal of Experimental Psvchologv: General, 128, 186-197. 

Anderson, J. R. & Reder, L. M. (1999b). Process, not representation: Reply to Radvansky 
(1999). Journal of Experimental Psvchologv: General, 128, 207-210. 

Ashcraft, Mark H. (1994). Episodic long-term memory. In Human memory and cognition 
(2"̂ ^ ed., pp. 197-204). New York: Harper Collins. 

Ashcraft, Mark H. (1998). Episodic long-term memory. In Fundamentals of cognition 
(pp. 133-139). New York: Addison Wesley Longman. 

Barwise, J., & Perry, J. (1983). Situations and attitudes. Cambridge, MA: MIT Press. 

Blake, M. (1973). Prediction of recognition when recall fails: Exploring the feeling of 
knowing phenomenon. Joumal of Verbal Leaming and Verbal Behavior, 6, 89-94. 

Bower, G. H., & Winzenz, D. (1970). Comparison of associative leaming strategies. 
Psvchonomic Science, 20, 119-120. 

Brown, R., and McNeill, D. (1966). The "tip of the tongue" phenomenon. Joumal of 
Verbal Learning and Verbal Behavior, 4, 325-337. 

Eysenck, M. W. (1979). The feeling of knowing a word's meaning. British Joumal of 
Psvchologv, 70,243-251. 

Flavell, J. H. (1979). Metacognition and cognitive monitoring: A new areas of cognitive-
developmental inquiry. American Psvchologist, 34 (10), 906-911. 

Glenberg, A. M., Meyer, M., & Lindem, K. (1987). Mental models contribute to 
foregrounding during text comprehension. Journal of Memorv and Language, 26, 
69-83. 

68 



Hart, J. T. (1965). Memory and the feeling-of-knowing experience. Joumal of 
Educational Psvchologv, 56, 208-216. 

Hart, J. T. (1967). Memory and the memory-monitoring process. Joumal of Verbal 
Leaming and Verbal Behavior. 6. 685-691. 

Hayes-Roth, B. (1977). Evolution of cognitive stmctures and processes. Psvchological 
Review, 84. 260-278. 

Johnson-Laird, P. N. (1983). Mental models: Towards a cognitive science of language, 
inference, and consciousness. Cambridge MA: Harvard University Press. 

Johnson-Laird, P. N. (1989). Mental models. In M. I. Posner (Ed.), Foundations of 
cognitive science (pp. 469-499). 

Jones, C. M. (1995). Construction of a mental model. In R. Lorch & E. J. O'Brien (Ed.s) 
Sources of Coherence in Reading (pp. 335-352). Hillsdale, N. J.: Erlbaum. 

King, D. R. W., & Anderson, J. R. (1976). Long-term memory search: An intersecting 
activation process. Joumal of Verbal Leaming and Verbal Behavior, 15, 587-605. 

Kintsch, W. (1998). Modeling comprehension processes: The constmction-integration 
model. In Comprehension (pp. 93-120). 

Koriat, A. (1993). How do I know that I know? The accessibility model of the feeling of 
knowing. Psvchological Review, 100, 609-639. 

Koriat, A. (1994). Memory's knowledge of its own knowledge: The accessibility account 
of feeling of knowing. In J. Metcalfe and A. P. Shimamura (Eds.), Metacognition, 
pp. 115-136. Cambridge, MA: MIT Press. 

Koriat, A. (1995). Dissociating knowing and the feeling of knowing: Further evidence for 
the accessibility model. Joumal of Experimental Psvchologv: General, 124, 311-
333. 

Koriat, A. (1998). Metamemory: The feeling of knowing and its vagaries. In M. Sabourin 
& F. Craik (Eds.), Advances in psvchological science, vol.2: Biological and 
cognitive aspects (pp. 461-479) East Sussex, UK: Psychology Press. 

Koriat, A. & Lieblich, I. (1977). A study of memory pointers. Acta Psvchologica, 41, 
151-164. 

Leonesio, R. J., & Nelson, T. 0. (1990). Do different metamemory judgments tap the 
same underlying aspects of memory? .loumal of Experimental Psychology: 
Learning, Memorv, and Cognition. 16, 464-470. 

69 



Maki, R. H. (1999). The roles of competition, target accessibility, and cue familiarity in 
metamemory for word pairs. Joumal of Experimental Psvchologv: Leaming, 
Memorv, and Cognition, 25, 1011-1023. 

Metcalfe, J. (1993). Novelty monitoring, metacognition, and control in a composite 
holographic associative recall model: Implications for Korsakoff amnesia. 
Psvchological Review. 100, 3-22. 

Metcalfe, J., Schwartz, B. L., & Joaquim, S. G. (1993). The cue-familiarity heuristic in 
metacognition. Joumal of Experimental Psvchologv: Leaming, Memorv, and 
Cognition. 19.851-861. 

Miner, A. C. & Reder, L. M. (1994). A new look at feeling of knowing: Its metacognitive 
role in regulating question answering. In J. Metcalfe & a. P. Shimamura (Eds.), 
Metacognition: Knowing about knowing (pp. 47-70). Cambridge, MA: MIT 
Press. 

Moeser, S. D. (1979). The role of experimental design in investigations of the fan effect. 
Joumal of Experimental Psvchologv: Human Leaming and Memory, 5, 125-134. 

Nelson, D. L., Canas, J. C, Bajo, M. (1987). The effects of natural category size on 
memory for episodic encodings. Memory and Cognition, 15, 133-140. 

Nelson, T. O., & Narens, L. (1990). Metamemory: A theoretical framework and new 
findings. In G. H. Bower (Ed.), The Psychology of leaming and motivation: 
Advances in research and theory (Vol. 26, pp. 125-173). San Diego, CA: 
Academic Press. 

Nelson, T. O., Gerler, D., & Narens, L. (1984). Accuracy of feeling-of-knowing 
judgments for predicting perceptual identification and releaming. Joumal of 
Experimental Psychology: General, 113, 282-300. 

Nelson, T. 0., Sheck, P., Dunlosky, J., & Narens, L. (1999, November). What is the basis 
Vor judgments of leaming (JOLs) for recallable items? Paper presented at the 
meeting of the Psychonomic Society, Los Angeles, CA. 

Paivio, A. (1969). Mental imagery in associative leaming and memory. Psychological 
^Review, 76, 241-263. 

Paivio, A., Yuille, J. C, U Madigan, S. (1968). Concreteness, imagery, and 
' meaningfulness values for 25 nouns. Journal of Experimental Psychology 
Monograph, 78(1, Pt. 2). 

Radvansky, G. A. (1998). The organization of information retrieved from situation 
models. Psychonomic Bulletin & Review. 5 (2), 283-289. 

70 



Radvansky, G. A. (1999a). The fan effect: A tale of two theories. Joumal of 
Experimental Psychology: General. 128 (2). 198-206. 

Radvansky, G. A. (1999b). Memory retrieval and suppression: The inhibition of situation 
models. Joumal of Experimental Psychology: General, 128 (4). 1-17. 

Radvanksy, G. A., Spieler, D. H., Zacks, R. (1993). Mental model organization. Joumal 
of Experimental Psychology: Leaming, Memory, & Cognition, 19, 95-114. 

Radvansky, G. A., Wyer, R. S., Curiel, J. M., & Lutz, M. F. (1997). Situation models and 
abstract ownership relations. Joumal of Experimental Psychology: Leaming, 
Memory, and Cognition. 23. 1233-1246. 

Radvansky. G. A. & Zacks, R. T. (1991). Mental models and the fan effect. Joumal of 
Experimental Psychology: Leaming. Memory, and Cognition, 17, 940-953. 

Radvansky, G. A., Zwaan, R. A., Federico, T., & Franklin, N. (1998). Retrieval from 
temporally organized situation models. Joumal of Experimental Psychology: 
Leaming, Memory, and Cognition. 24. 1224-1237. 

Reder, L. M. (1987). Selection strategies in question answering. Cognitive Psvchologv. 
19,90-138. 

Reder, L. M. (1988) Strategic control of retrieval strategies. In G. Bower (Ed.) The 
Psychology of Leaming and Motivation, vol. 22, New York: Academic Press. 

Reder, L. M. & Ritter, F. (1992). What determines initial feeling of knowing? Familiarity 
with question terms, not with the answer. Joumal of Experimental Psychology: 
Learning, Memory, and Cognition. 19, 851-861. 

Schneider, W. (1995). MEL Professional User's Guide. Pittsburgh: Psychology Software 
Tools, Inc. 

Schreiber, T. A. (1998). Effects of target set size on feelings of knowing and cued recall: 
Implications for the cue effectiveness and partial-retrieval hypotheses. Memorv 
and Cognition, 26, 553-571. 

Schreiber, T. A., & Nelson, D. L. (1998). The relation between feelings of knowing and 
the number of neighboring concepts linked to the test cue. Memory and 
Cognition, 26, 869-883. 

Schwartz, B. L., & Metcalfe, J. (1992). Cue familiarity but not target retrievability 
enhances feeling-of knowing judgments. Journal of Experimental Psychology 
Learning, Memory, and Cognition. 18. 1074-1083. 

71 



Schwartz, B. L. (1994). Sources of information in metamemory: Judgments of leaming 
and feelings of knowing. Psychonomic Bulletin and Review. 1. 357-375. 

Smith, E. E., Adams, N., & Schorr, D. Fact retrieval and the paradox of interference. 
Cognitive Psychology, 10, 438-464. 

Stemberg, R. J. (1995). Memory. In In search of the human mind (pp. 267-272). Orlando, 
FL: Harcourt Brace. 

Van Dijk, T. A. & Kintsch, W. (1983). Strategies of Discourse Comprehension. New 
York: Academic Press. 

72 



APPENDIX A 

EXTENDED LITERATURE REVIEW COVERING METAMEMORY 

JUDGMENTS AND THE FAN EFFECT 
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Overview 

Over the course of human investigations, there has probably been no more 

puzzling and fascinating topic than how memory works. One of the basic phenomena all 

of us, including animals, are endowed with is the ability to encode, store, and retrieve 

information. Practically every waking moment we invoke this prized possession whether 

we know it or not. The degree to which we know how well our memory works represents 

another intriguing aspect of memory referred to as metamemory. This facet of memory 

reflects the assessment of one's own memory processes (e.g., deciding whether a list is 

needed for shopping). 

As part of my dissertation, I delve into two aspects of memory which include 

memory retrieval and metamemory judgments. What follows is an examination of the 

literature dealing with metamemory judgments and the retrieval of information from 

long-term memory (LTM) that has been investigated using the fan effect paradigm 

(Anderson, 1974). 

To better understand metamemory, consider the umbrella under which it falls, 

namely metacognition. According to Nelson (1992), John Flavell, the renowned 

developmental psychologist, is credited with coining the term "metacognition." 

Metacognition, as its name suggests, refers to a level higher, or more remote than 

cognition. As such, it refers to one's knowledge and cognition about cognitive acts 

(Flavell, 1979). Another way to interpret this term is to think about one's understanding 

of his or her own cognitive abilities. Based on Flavell's formulation, metacognition can 

be divided into three conceptual categories (Nelson, 1992): (a) autobiographical 
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information conceming one's own cognition, (b) ongoing monitoring of one's cognitions, 

and (c) ongoing control of one's cognitions. Although cognition is construed broadly 

here, it is relatively easy to grasp when applied to real world occurrences. 

Autobiographical information conceming one's own cognition might involve accessing 

one's knowledge base dealing with a particular event. For instance, knowing that 

speaking in front of a large audience tends to produce feelings of anxiety or lapses in 

memory retrieval would be an instantiation of this category. But for the sake of 

illustration, let us assume that this poor individual agrees to speak in front of a large 

audience. As this individual proceeds to deliver the planned talk, one of several probable 

and ongoing activities is an assessment of how easily the information to be presented can 

be retrieved. Thus, the speaker might have cards with notes to fall back onto when he or 

she no longer feels confident speaking from memory. On the other hand, when the 

speaker's assessment is positive, then the speaker may not refer to the cards and begin to 

speak without strict adherence to the cards. The decision to use cards (in the first place), 

and when to use them as aids for memory retrieval, reflect what I believe to be the third 

category of metacognition, ongoing control of one's cognitions. The category of 

metacognition that my dissertation addresses, though, involves the second category, 

namely ongoing monitoring of one's own cognitions. Specifically, I am interested in a 

person's assessment of his or her ability to remember information. This speaks directly 

to metamemory judgments, or judgments which reflect one's subjective convictions 

conceming the person's future memory performance given a query. 
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Metamemory judgments have become a fertile ground for research. This was 

prompted by research investigating the validity of one's subjective beliefs about what a 

person knows. For instance, there appears to be times when we are yer>' confident that we 

know a person but can not recall the person's name. Depending on the extremity of such 

a feeling, we might even say that the person's name is on the tip of the tongue (e.g.. 

Brown & McNeill, 1966). Regardless, though, the state of affairs when subjectively v/e 

are somehow inclined to believe we know something, but uncertain when objectively 

tested, presents a unique experience in human behavior. That the subjective state was a 

valid indicator was always alluded to but not empirically tested until Hart (1965) 

conducted a study investigating feeling-of-knowing (FOK) experiences. According to 

Hart, FOK referred to the situation in which, given a query, a person could not recall the 

answer but nevertheless felt that he or she could identify the correct answer on a 

recognition test. Hart evaluated the accuracy of such FOK experiences, and found that 

people's FOK judgments were relatively accurate predictors of participants' performance 

on the recognition test. In other words, if participants felt that they knew an answer 

while not objectively recalling the answer, chances were they probably could identify the 

answer among distractors on a recognition test three times better than the chance level 

(Hart, 1965). Based on his findings. Hart argued in favor of a "memory-monitoring 

process," whereby one's memory is monitored for the unanswered-queried information 

which leads to one's FOK experience. 
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Models of Metamemory 

Hart's inceptive work on FOK spurred on further research to elucidate the 

underpinnings of this cognitive state in which one cannot objectively recall an answer yet 

subjectively feels that the answer is known to a particular extent. Underlying factors 

appear elusive, based on the various accounts attempting to further Hart's (1965, 1967) 

initial findings. Three major models attempting to explain the basis of FOK judgments, 

which will each be discussed in further detail later, include the following: (a) 

accessibility theory (Koriat, 1993, 1994, 1995); (b) theories of cue-familiarity, or models 

stressing the importance of cue-related information as opposed to target-related 

information (Nelson, Gerler & Narens, 1984; Koriat & Lieblich, 1977; Reder & Ritter, 

1992; Metcalfe, Schwartz, & Joaquim, 1993); and (c) the competition model (Schreiber, 

1998; Schreiber & Nelson, 1998). There is evidence to support each of these models. 

Each account primarily focuses on one of two factors for the basis of FOK, namely cue-

related information or target-related information. Thus, when one makes a prediction 

regarding future performance of a queried item on an upcoming test, the question 

becomes whether the judgment is based on the given cue, or target-related information 

associated with the cue, residing in memory. Of the three models, Schreiber's model 

outlines the probable conditions under which both cue-related and target-related 

information are important when making FOK judgments. 
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The Accessibility Model of FOK 

The Accessibility Model of FOK proposed by Koriat (1993,1994, & 1995), 

claims that one's FOK state stems from one's ability to monitor information pertaining to 

the target in question during the search and retrieval of that information. Furthermore, it 

addresses not only the basis of FOK states but also the validity of one's FOK state. It is 

important to note that such monitoring of information occurs simultaneously with search 

and retrieval, thus occurring in one stage. In other words, the information that may (or 

may not) be related to the target is not monitored and then searched and retrieved; rather, 

monitoring is intertwined with the search and retrieval processes. The model's name, 

accessibility, refers to the factor that govems the magnitude of one's FOK state. The 

more information that can be accessed and the more readily accessible the information, 

the higher one's FOK. Also, the quality of the information retrieved will, according to 

Koriat, play a generous role in determining the validity of one's FOK for a given query, 

which is a highlight of Koriat's model. Other investigators have primarily focused on 

factors contributing to the magnitude of FOK not necessarily that which govems the 

validity of FOK judgments. 

Koriat (1995) addressed two major questions: what is the basis of FOK and what 

is the reason for its accuracy in predicting future memory performance. Koriat believed 

that two factors, accessibility and output bound accuracy, were important in answering 

the above questions. Accessibility, as described earlier, refers to the information that is 

accessed during search and retrieval given a particular query. An analogy for such a 

situation might involve a fisherman who throws out a net and pulls it back onto his ship 
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with varying amounts and types offish, some of which may or may not be the ideal types 

he needs. Nonetheless, the ease with which and the type offish retrieved may give some 

clue as to whether he should continue fishing in the waters or not. A more concrete 

example would involve asking a person, "What actress played Dorothy in the original 

version of the movie The Wizard of Oz?" Assuming the person cannot recall the answer, 

we have the person make a FOK judgment. According to Koriat, information associated 

with the answer including parts of the answer that are searched and retrieved contribute 

to the degree of that person's FOK response. Furthermore, the time in which such an 

event(s) occurs influences the magnitude of the judgment with shorter latencies leading 

to higher judgments. Thus, when we conduct a search for information that was not 

objectively recalled, the amount of target-related information and the ease with which it 

is retrieved underlies one's FOK. The more information that is retrieved and the quicker 

it is retrieved, the higher the FOK. 

The validity of one's FOK, or the accuracy of FOK judgments, is determined by 

the correctness of the information that is retrieved pertaining to the target (Koriat, 1995). 

The greater the amount of correct information retrieved, the more likely one is to have an 

accurate FOK judgment. Output bound accuracy (OBA) refers the accuracy of FOK and 

is defined as the likelihood that an answer (or a partial clue) that comes to mind is correct 

(Koriat, 1995). The higher the OBA, the more likely one's FOK judgment will be 

accurate. In the experiments Koriat conducted, accessibility was operationalized as the 

percentage of participants who provided an answer to the question (regardless of whether 

the answer was correct or wrong), and OBA was operationalized as the percentage of 
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correct responses among the responses provided. Koriat predicted that FOK would 

increase as accessibility (ACC) increased, and that the accuracy of FOK would increase 

as OBA increased. Results of Koriat's experiments were in agreement with his 

predictions, namely that there were direct relationships between ACC and magnitude of 

FOK as well as between OBA and accuracy of FOK judgments. Thus, when people fail 

to recall an answer to a given query, the amount of related information that does come to 

mind will influence whether they will be able to recognize the correct answer later. 

Further, the quality of the information that comes to mind, or its correctness, will 

contribute to the validity of the FOK judgments. The greater the amount of correct 

information retrieved results in a greater probability of accurate FOK judgments. In 

essence, the accuracy of the FOK judgment is a by-product of the information's quality 

(correct vs. incorrect) that has been retrieved. 

Though Koriat's (1995) results were in line with his predictions, there are certain 

drawbacks. Both variables, ACC and OBA, were obtained via a norming procedure. 

Participants were asked to recall answers to general-information questions (G-I 

questions). Based on these resuhs, items were classified as high versus low ACC items, 

as well as high versus low OBA items. To be considered a high ACC item, an item had to 

elicit a response from over half the participants responding. This may not have been a 

valid measure for accessibility in individuals, because the amount of information that 

purportedly came to mind during search and retrieval was not directly measured. The 

same is true for the quantification of OBA. An item was considered high in OBA if the 

majority of participants' responses were correct. Therefore, an item considered high in 
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ACC and high in OBA was an item in which the majority of participants gave a response 

in addition to the response being correct. This does not necessarily mean that the item 

allowed for more correct information to be gleaned during a query by an individual. 

Furthermore, a goal of cognitive psychologists, in general, is to understand the nature of 

representation of information in the mind. And while that may not be necessary for 

understanding the basis upon which metamemory judgments are made, it certainly might 

help add to the understanding of memory in general. The accessibility model does 

contribute to the understanding of the mind in this respect. It appears to address the 

problem of what contributes to FOK judgments by using variables that indirectly tap 

memory processes without addressing memory stmcture(s). 

Cue-Familiarity Model of FOK 

The role of cue-related information in making FOK judgments can be traced to 

findings reported in Nelson et al. (1984) and Koriat and Lieblich (1977). Such findings 

were basically that FOK judgments on items resulting in commission errors led to 

inaccurate predictions. The cue can at times lead people to erroneously think they know 

the corresponding target when in fact they do not. For example, if asked what is the 

capital of Califomia, some may respond Los Angeles rather than Sacramento due to the 

familiarity of Califomia and its association with LA. Such results then could have been 

influenced by the cue rather than the target-related information. Had one genuinely 

retrieved target-related information, the argument is that the person would have known 

that such was wrong. Or, another interpretation of such a response is that the cue 
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misdirected the retrieval, thus placing emphasis on the cue rather than the target proper or 

target-related information. 

Based on cue-related findings in the metamemory literature, Schwartz and 

Metcalfe (1992) compared the cue familiarity hypothesis with the target-retrievability 

hypothesis. In their study, participants rated words for pleasantness on a scale of one to 

five. Next, participants leamed word pairs followed by a cued-recall test. Participants 

then made FOK judgments on cues that they failed to recall the answer to. Finally, 

participants were administered an eight-altemative forced-choice recognition test. 

The words that participants made pleasantness ratings for included future study 

materials in the form of cues, targets, and lures that would be used in a paired-associate 

leaming task (stimulus = cue; response = target). The word pairs were constmcted so that 

there would be no obvious relationship between the words used as cues and targets. The 

lures were actually words that would be presented later as foils on a recognition test. 

Thus, the pleasantness rating task served to prime words that would become pairs in the 

P-A leaming task. Such priming was argued to increase the familiarity of the words 

relative to other word pairs that were not rated on the pleasantness rating task. 

The results indicated that cue familiarity (priming of cues) elicited higher FOK 

ratings relative to either target or lure priming. However, the priming of targets increased 

recall rates, while the priming of lures decreased performance on the recognition task. 

Thus, familiarity of a particular word played a role when making FOK judgments or 

when selecting a response on a recognition task. However, the role of the primed word 
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(cue, target, or lure) affected particular aspects of the task at hand. Once again, it appears 

that memory processes rather than memory stmcture(s) are emphasized. 

Metcalfe, Schwartz, and Joaquim (1993) further tested cue-familiarity hypothesis 

in attempting to account for FOK judgments. According to the cue-familiarity heuristic, 

the cue rather than target-related information is the basis for FOK. Based on previous 

research, Metcalfe et al. list several reasons for their stance. First, there is a difference 

between omission and commission errors in which commission errors are given higher 

FOKs. Such a finding is believed to occur due to the memorability of the cue, because a 

cue that leads to an incorrect response must seem more familiar. Second, latencies to 

make FOKs are quicker than retrieval latencies. Thus, it appears as though one's FOK is 

based on something other than information relating to the target, due to the time it takes 

to retrieve such information. Also, previous research has shown that priming of cues 

enhanced FOKs without any increase in the accuracy of these judgments (Reder, 1987; 

Schwartz & Metcalfe, 1992). Basically then, when one is presented with a cue and fails 

to recall the answer to the cue, the familiarity of the cue is the decisive factor as to 

whether one will eventually recognize the answer later. 

To test their hypothesis, Metcalfe et al. (1993) compared the cue-familiarity 

heuristic with a target-retrievability hypothesis in which information pertaining to the 

target rather than the cue is important in determining one's FOK. The classic interference 

theory paradigm was incorporated to address whether the cue or target was critical in 

making FOKs. Participants were presented with paired-associates in the form of words A 

and B. The four major conditions, as defined by stimulus-response pairs on a second list, 
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were as follows: (1) A - B in which the cue was paired with the target, or the to-be-

recalled word; (2) A - B' in which the cue was paired with a word similar to the target; 

(3) A - D in which the cue was paired with a word unrelated to the target; and (4) C - D, a 

new cue-target pair, which was presented a quarter of the time. Participants were tested 

with a cued-recall test in which the cue A was supplied with the participants recalling the 

associated target. Cue familiarity was operationalized as the number of times, or amount 

of exposure, it received. For instance, when participants received as the second list C-D 

versus A-B', participants would have seen the cue A half as many times relative to the 

condition A-B'. Metcalfe found that cue familiarity, or amount of exposure to the cue 

rather than the target, predicted FOK in all conditions. FOK judgments were higher in 

repeated stimulus conditions. Had FOK been related to target-based information, then 

one would have expected higher FOK judgments in the C - D relative to than the A-D 

(the maximum interference condition). 

Like Metcalfe and associates, Reder suggests that FOK is based on a given cue's 

familiarity. According to Reder and Ritter (1992), information pertaining to the cue 

rather than the target gives rise to FOK. The rationale behind Reder's proposition is 

threefold. First, certain questions appear to forfeit any chance of eliciting an answer 

based on that type of question, namely, questions that appear unanswerable a priori 

(Reder & Ritter, 1992). In such a situation it appears that no search of the target is 

necessary. Secondly, Reder and Ritter cite previous research suggesting that people 

search longer for answers to questions when they believe they know the answer. In this 

case, the question is prompting the search duration. And finally, Reder's earlier work 
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(1987) suggests that people make strategic decisions to adopt one question-answering 

strategy over another, prior to searching memory for an answer. In each instance, 

something particular about the cue influences one's reaction rather than information 

about the target, because retrieval has not yet occurred in these aforementioned instances. 

To discern what mechanisms underlie FOK, in addition to what function FOK 

serves, Reder and Ritter (1992) conducted a couple of related experiments in the guise of 

a game show. In general, participants were given an arithmetic problem and asked to 

make a quick judgment regarding whether they knew the answer or had to calculate it. 

The problems varied in terms of exposure to parts of the problem, or the cue, (i.e. 3x3) 

and answers, or the target, to the problems (i.e. = 9).In actuality, participants never made 

explicit FOK judgments. It was assumed that if participants selected to retrieve the 

answer rather than calculate it, then they had a relatively high feeling of knowing about 

the problem. To determine what influenced FOK, in this respect, there were two phases. 

One phase was a training phase whereby the operators and operands were varied in terms 

of how often they appeared, as well as how often solutions to the problems appeared. 

Next, participants went into the posttraining phase, where some new problems were 

presented along with the same operators that had varied in terms of occurrence which 

also contributed to the familiarity of the cue operationalized as the number of exposures 

the cue was given. Reder and Ritter found that the memorability of the parts of the math 

problems influenced participants' strategy selection in terms of answering the problem. 

Basically, the more often a given numeral was seen as an operator the more likely it 

would prompt the participant to retrieve the answer regardless of what the problem was. 
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Therefore, actual knowledge of the problem (target), according to Reder and Ritter, was 

not responsible for initial selection of strategy (retrieve or calculate); thus, FOK must be 

based on previous frequency of exposure for the stimulus, or the cue-familiarity. 

Competition Theory of FOK 

The final approach to discussing FOK is laid out by Schreiber (1998) and 

Schreiber and Nelson (1998), who proposed a competition theory of FOK based on 

earlier research investigating category size effects (Nelson, Canas & Bajo, 1987). Nelson 

et al. (1987) found that participants who retrieve information about a cue from larger 

category sizes (i.e., Breed of Dog as the category and instances being Collie and 

Shepherd) are less likely to retrieve that information relative to cues from smaller 

category sizes (i.e.. Daily Meal as the category with instances being Supper and 

Breakfast). Accordingly, retrieving information about a queried item belonging to a 

larger category allows for a greater chance of retrieving nontarget items than what would 

occur for a queried item belonging to a smaller category, because there is more 

information associated with the item from the larger category (Nelson et al., 1987). The 

explanation for this finding was referred to as "retrieval inhibition" in which a greater or 

lesser burden is put on retrieval depending on how much information is associated with 

the test cue in long-term memory (LTM). 

Schreiber (1998) as well as Schreiber and Nelson (1998), who attempted to make 

sense out of the conflicting findings among studies supporting a target-based (see Blake, 

1973; Eysenck, 1979; Koriat, 1993; 1995) versus cue-based (Metcalfe, 1993; Metcalfe, 
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Schwartz, & Joaquim, 1993; Reder & Ritter, 1992; Schwartz, 1994; Schwartz & 

Metcalfe, 1992) underlying mechanism of FOK, suggested that both approaches needed 

modifications. Unlike either a cue-based or target-based approach to understanding FOK, 

Schreiber (1998) proposed that FOK is based upon the amount of competing activation 

between concepts related to that which is being queried. This claim was tested by varying 

the set-size of cues (Schreiber & Nelson, 1998) and targets (Schreiber, 1998), where set 

size refers to the number of preexisting connections a stimulus has to other closely-

related items in LTM. Furthermore, according to Schreiber's constmal. more competition 

(larger set-sizes) brings about lower FOK judgments, or the lesser the amount of 

information connected to the query (smaller set-sizes) the higher the FOK judgments. For 

example, if queried about X, and one can not recall the correct information about X, the 

person would report low FOK judgments when X is connected to more information in 

long term memory relative to being connected to less information stored in long term 

memory. Another way of describing the amount of information that is connected or 

related to that which is queried is to say X's set size. According to Schreiber, set size 

refers to the number of concepts related to a given concept in LTM. Thus, in Schreiber's 

terminology, the smaller the set size for a given concept, the higher the FOK (relative to 

larger set sizes) due to a lesser amount of competition. The implications of such a claim 

have something to say about both the partial-retrieval hypothesis, or accessibility 

hypothesis, and the cue-familiarity hypothesis, namely that there is more to one's state of 

FOK that needs to be addressed, namely that activation needs to be taken into account. 
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Schreiber (1998), in attempting to discover what effects cue set-size has on FOK. 

incorporated an associative cuing paradigm, which allowed for the familiarity of cues to 

be controlled. Participants were given a list of words to remember, after which they were 

given a cued-recall test. However, the cues were not seen prior to test and were used to 

help subjects recall the previous list. The list of words (the targets) was either low or high 

in terms of set size. One of the targets in the small set-size condition was "Hive," and 

targets from this set had on average 6.68 associates. One of the targets from the large set-

size was "Crawl"; targets in this condition had on average 19.01 associates. Thus, targets 

in the low condition, or smaller set size, had fewer preexisting connections to closely 

related concepts in LTM relative to targets in the large condition. After participants were 

given the cued-recall test, they were then asked to make FOK judgments on those items 

that they had missed. It turned out that participants were more likely to give higher 

ratings for targets connected to smaller sets (i.e., "Hive") relative to those connected to 

larger sets (i.e., "Crawl"). The rationale was due to competition among activated 

concepts. Because more concepts were linked to targets in the large set size condition, 

more competition would have taken place. Such an event, according to Schreiber and 

Nelson (1998), was likened to more noise occurring in the large set size condition. 

Accordingly, FOK judgments appeared to be sensitive to the amount of competition 

arising from the activation of related concepts related to the targets tested. The finding of 

an inverse relationship between magnitude of FOK judgments and target set size 

questions the validity of Koriat's (1993, 1995) accessibility model and Reder (1987) and 

Metcalfe et al.'s (1993) cue-familiarity hypothesis. 
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Based on Schreiber's (1998) findings there appear to be some problems with 

altemative explanations of FOK. Though Schreiber did not completely mle out the other 

alternative explanations, it was suggested that there still needed to be more consideration 

in accounting for FOK, namely competing activation. These findings argued against 

Koriat's accessibility theory in the sense that the lesser amount of target-related 

information, the higher the FOK. These findings along with those of Schreiber and 

Nelson (1998) also suggest that in some cases, target-related information instead of cue-

familiarity can predict FOK outcomes. However, the altemative explanations of FOK 

arose from different paradigms, and thus the procedures were not identical, thereby not 

allowing for a fair comparison of the altemative accounts of FOK. One common factor 

that Schreiber emphasizes resides in activation. In all three accounts, activated 

information played a role in one's FOK, whether the information is related to the cue or 

the target. I believe a clue that may shed more light on the topic is to take into 

consideration mental organization of information, which really has not been fully utilized 

in research looking at metamemory judgments. 

In addition to Schreiber (1998) and Schreiber and Nelson (1998), Maki (1999) 

reported findings supporting a competition hypothesis over both the accessibility and 

pure cue-familiarity hypotheses using different materials and a different paradigm. In her 

study, Maki (1999) had participants leam two lists of paired-associates. After both lists 

were memorized, participants made both FOKs and JOLs for first list responses. Results 

favored a competition hypothesis due to the finding of metamemory ratings being lower 
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when muhiple stimuli paired with a response, as well as when multiple responses were 

paired with a stimulus. 

The lists of paired associates that participants leamed were comprised of stimuli 

in the form of three-digit numbers and responses in the form of five- to eight-letter 

words. Participants learned two lists, and the second list differed depending on which 

interference group a participant was assigned. The four groups were labeled same-

associates (SA), same-different (SD), different-same (DS), and different-different (D-D). 

The names correspond to how the stimuli and responses were manipulated for the second 

list relative to the first list leamed by participants. For instance, in the SA group 

participants received the same stimuli but associated responses (associates of the 

responses leamed in the first list) to leam for the second list of paired-associates. The 

participants in the DD group received a second list of paired associates that included both 

different stimuli and responses; thus, in the DD group the second list was an entirely new 

list of paired associates unlike any of the other groups. 

After leaming the first list to a criterion of six out of 12 correct, the participants 

were presented with the second list of paired associates. The second list, unlike the first 

list, was tested for a total of 12 trials regardless of how accurate participants were in 

recalling the response given the stimulus. Participants were then presented with stimuli 

from the first list and asked to make JOLs, or predict future recall of first list responses 

given the first list stimuli. Immediately following the JOL phase, participants were tested 

again on the first list responses given the first list stimuli. After the recall test, 

participants were asked to FOKs for the first list responses given the first list stimuli. 
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This time predictions were for future recognition, rather than recall, of first list responses. 

Finally, participants were administered a recognition test. 

Of particular interest, Maki (1999) found that both JOL and FOK ratings were 

typically lower for the SD and DS groups when compared to the DD group. This finding 

of lower rafings when either the stimulus or the response was repeated is important, 

because this outcome represents the exact opposite of what an accessibility or cue-

familiarity stance would predict. In the SD group, the stimulus was repeated, thus 

presumably more familiar. According to the cue-familiarity position, familiarity of cue 

should result in higher ratings, but this was not what Maki found. According to an 

accessibility perspective, either SD or DS should have resulted in higher ratings relative 

to the DD condition. More information was associated with the target, or response, 

allowing for more information to be retrieved. However, in her study, Maki found that 

more information associated with either stimulus or response, relative to the DD group, 

resulted in lower ratings which is incompatible with the predictions of an accessibility 

view. 
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A Review of the Fan Effect 

A review of past and present literature conceming the fan effect, or associative 

interference, is presented. Such a discussion involves the stmcture of knowledge, 

underlying memory retrieval processes, and the degree of integration pertaining to 

studied material. Although the fan effect has been studied for over two decades, there is 

still controversy conceming the appropriate interpretation of the effect. The controversy 

has recently surfaced in the debate between two opposing theoretical interpretations of 

the fan effect. As a result, theoretical implications conceming representation and 

processes operating on representational structures are brought to light due to inherent 

differences between the two theories. Both ACT-R theory of memory retrieval (Anderson 

& Reder, 1999a, 1999b) and the situation model theory of the fan effect (Radvansky, 

1999a, 1999b) represent recent interpretations of the fan effect. Major distinctions of 

each approach are discussed; this is then followed by an assessment pointing out major 

strengths and weaknesses of both explanations of the fan effect. However, at the cmx of 

the debate one finds a critical issue on which both accounts differ. The ACT-R theory of 

memory retrieval posits that the fan effect is a retrieval-based phenomenon (Anderson & 

Reder, 1999a, 1999b). On the other hand, the situation model contends that the fan effect 

arises from the organization of knowledge stmctures arrived at during study (Radvansky, 

1999a, 1999b). Unfortunately, as often is the case in psychological debates, there does 

not appear to be a definitive explanation of the fan effect. Consequently, suggestions are 

put forth to further the understanding of this rich finding. 
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The fan effect refers to the finding, originally reported by Anderson (1974), in 

which time to retrieve a particular fact about a concept increases as a function of the 

number of facts associated with the concept (Anderson & Reder, 1999a). In a series of 

three experiments, Anderson (1974) reported findings that, at the time, supported 

assumptions underlying the Human Associative Memory (HAM) model. These 

assumptions were (a) that a serial search of propositions leading from any one concept in 

a memory probe was conducted, and (b) that memory retrieval had mulfiple-access in 

parallel to memory from concepts in the memory probe. When presented with a memory 

probe in the form of a studied proposition containing two concepts, the search to either 

accept or reject the probe stemmed from both concepts in the proposifion (multiple-

access), and the propositions associated with the concepts in memory were serially 

searched. This search was characterized as self-terminating in the case of targets and self-

exhaustive in the case of foils, which were nonstudied sentences (Anderson, 1974). In 

addition to providing evidence for an early account of memory retrieval, this classic 

study provided fertile soil for future experiments in the form of the fan effect. Basically, 

the fan effect can be interpreted as poorer recognition performance for studied items that 

have more information associated with them relative to studied items that have less 

information associated with them. 

The fan effect, or increase in response time on a verification test with an increase 

in the number of facts associated with a concept in a memory probe, has proven to be a 

popular topic for research. Anderson and Reder (1999a) report several contexts in which 

the fan effect has been found, including the retrieval real-world knowledge, face 
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recognition, retrieval of schemas, and retrieval of alpha-arithmetic facts. Furthermore, 

Anderson and Reder go on to list several variables that the fan effect has been used to 

study, which include effects of aging, effects of working memory capacity, and effects of 

frontal lobe damage. Considering the wide range of contexts in which the fan effect has 

surfaced, in addition to the variables which the fan effect has been employed to study, 

one could reasonably argue that the fan effect has been a source of considerable value to 

cognitive psychologists. The importance of the fan effect can also be seen in terms of (a) 

the developing understanding of how retrieval processes interact with memory 

representafions, and (b) the development of computational models of memory retrieval 

namely the ACT family of models, both of which go hand in hand (Anderson & Reder, 

1999a). The most recent member of the ACT family models is ACT-R, which Anderson 

and Reder (1999a) have employed to better account for both old and new fan effect 

findings. 

All models of ACT have interpreted the fan effect in terms of associative 

interference stemming from the number of facts leamed about a concept (Anderson & 

Reder, 1999a); however, the latest model, ACT-R, which stands for Adaptive Control of 

Thought - Rational, stands out from the rest of its relatives due mainly to its processing 

computations. The mathematical formulas involved in calculating activation and the 

mapping of activation onto response latency clearly distinguishes ACT-R from its 

predecessors. As a result it has, according to Anderson and Reder (1999a), a better 

handling of the results from a typical fan effect study as well as new findings that 

purportedly contradict ACT's depiction of memory retrieval. As in previous ACT 
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models, amount of activation is a critical determinant of response latency. However, 

there are three major differences between ACT-R and earlier ACT models that Anderson 

and Reder report. First, unlike earlier ACT models, there is an integrated treatment of 

target and foils. Previously, with HAM, ACT, and ACT*, it was thought that two 

separate processes occurred which differed according to whether the memory probe 

presented was a target or a foil. For foils separate calculations were involved. Thus, for 

example, with HAM a serial exhaustive search would take place for foils whereas there 

would be a serial self-terminating search for targets (Anderson, 1974; King & Anderson, 

1976). Likewise, for ACT, a parallel search would take place but there would a time-out 

phase for foils, not for targets, in which, if a match was not made, the probe would be 

rejected after a period of time had elapsed comparable to the time it would have taken for 

the target to accepted. This was put forth, in part, due to a new implementation, namely a 

spreading of activation in parallel. Furthermore, for a match to be made there had to be 

an intersection of activation between the concept and its relevant proposition in memory. 

King and Anderson (1976) pointed out, though, that this time-out phase strained 

plausibility, which Anderson and Reder (1999a), in retrospect, concur with. For ACT-R, 

however, the same general formula is used for both targets and foils. Foils have fewer 

sources for which activation is computed (Anderson & Reder, 1999a). 

The next two differences are what Anderson and Reder (1999a, 1999b) highlight 

in defending their theory from other theoretical interpretations that will be discussed 

later. The second major difference is the introduction of an attentional weighting 

mechanism which assigns weights to sources of activation. Accordingly, the more 
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attention a given concept receives at testing, the more weight it receives, which increases 

the amount of activafion stemming from that concept (Anderson & Reder, 1999a). The 

third major difference that Anderson and Reder point out is the past history of use (e.g., 

the frequency with which particular facts have occurred) that ACT-R employs to set the 

strengths of association reflecting the statistical regularity between a concept and fact in 

memory. And even though all these differences set it apart from earlier models of ACT, 

the first difference really stands out from the others. This is because previous versions of 

ACT could, within reason, account for fan effects, but accounting for differences in 

latency between targets and foils always seemed to strain psychological plausibility 

according to Anderson and Reder (an in-depth examination of the ACT-R model will 

follow shortly). 

Even with adjustments made to the ACT model, some contemporary researchers, 

most notably G. A. Radvansky and colleagues (Radvansky & Zacks, 1991; Radvansky, 

Spieler, & Zacks, 1993; Radvansky, Wyer, Curiel, & Lutz, 1997; Radvansky, Zwaan, 

Federico, & Franklin, 1998) contend that the fan effect is best understood in terms of 

situafion models (Radvansky, 1998, 1999a, 1999b). Furthermore, Radvansky (1999b) 

argues that a suppression mechanism is involved, implying that activation alone, as 

purported by Anderson and Reder (1999a, 1999b), is insufficient for fully understanding 

the fan effect. Putting aside the inhibition argument, "differential fan effects (see 

Experiment 2's Introduction)" had purportedly damaging implications for the ACT 

family of models according to researchers who are proponents of the situation model (for 

a review see Radvansky 1999a). This is so because the differential fan effect refers to an 
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attenuated or nonexistent fan effect for concepts that a propositional network would 

consider prime candidates for interference, or the fan effect. However, Radvansky and 

colleagues are not the first to attack a propositional network model of memory retrieval 

as embodied by the ACT family models. 

Attenuated Fan Effects Prior To Radvansky 

In her knowledge-assembly theory, Hayes-Roth (1977) put forth a model of 

memory whereby both the stmctural representation and processing of knowledge change 

qualitatively as leaming progresses. As a demonstration of the validity of her model, 

attenuated fan effects were reported that were in line with her model's predictions. 

According to the knowledge-assembly theory, representations of lower order components 

of a knowledge stmcture (e.g., various components associated with several propositions) 

may be unitized with practice (e.g., rehearsal) to form a higher order component. When 

any of the original lower order components are activated, the newly formed higher order 

unit is activated. For instance, it is like leaming that A, B, and C go together, but at first 

it is difficult to realize all three are alike. With pracfice, or extensive leaming, when any 

of the elements are presented all three components. A, B, and C, are believed to be 

activated at once assuming that they have been transformed into a higher order 

knowledge stmcture. 

Hayes-Roth (1977) found that the fan effect could be attenuated when degree of 

leaming was increased, or when studied propositions were overleamed vs. being 

minimally leamed. This was accomplished by having participants leam propositions that 
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had concepts associated with 1, 2, 3, or 6 related propositions. The propositions were of 

the form, "The subject verbed the object". The subjects and objects in sentences were 

two-syllables and varied between six and eight characters in length and described a job 

descriptor. The verbs were also 2 syllables. An example sentence listed was, "The doctor 

pursued the lawyer." participants learned 30 propositions in 1 of 11 sessions. After the 

first session, participants verified tme from false propositions for four iterations. Hayes-

Roth compared the results of the second and eleventh session to verify the propositions. 

As predicted, session 2 resulted in a significant fan effect with time to verify studied 

sentences increasing as a function of fan, or number of related propositions. And, in 

session 11, there was an absence of a fan effect. This was explained by Hayes-Roth as 

follows: 

... after 11 sessions, each proposition had a unitized representation, the 
representations of propositions that shared common concepts did not share 
common subrepresentations. Thus, there was no division of excitation to 
slow down activation of the target representation, (p. 268) 

Although Hayes-Roth's knowledge assembly theory is not currently used to 

explain memory processes, it is worthy to note the role that degree of leaming may play 

when retrieving information. Degree of leaming has both intuitive appeal and face 

validity. This aspect of the knowledge-assembly theory should be kept in mind when 

discussing the effect of fan from both a theoretical and pracfical point of view. From a 

theorefical point of view, the notion of qualitative change presents a challenge in terms of 

modeling such a transformation. That such a change is possible probably should not be 

easily dismissed. From a practical point of view, Hayes-Roth's proposifion accounts for 
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why we can verify facts about ourselves or even other topics with seemingly numerous 

connections to other ideas and knowledge units more rapidly than verifying relatively 

simple isolated facts (e.g., historical facts leamed only minimally like the signing of the 

Magna Carta or the birth date of a relative such as one's mother or father). 

Another attack of Anderson's early interpretations of the fan effect (Anderson, 

1974, 1975, 1976) was delivered by Moeser (1979), who, consequently, also argued 

against Hayes-Roth's (1977) knowledge-assembly theory. Moeser argued that the reason 

a fan effect would arise was because of the way the information was presented and then 

stored. Basically, when presented with facts presented in a nonsequenfial fashion, with 

repeated concepts, these facts were argued to be stored independently. However, by 

presenting facts with repeated concepts in a sequential order, Moeser argued that the 

interference predicted by an associative network of semantic memory could be 

attenuated. 

In two experiments, Moeser demonstrated both a fan effect and an attenuated fan 

effect. In the first experiment, participants leamed 48 sentences with 24 containing 

nonrepeated concepts with the other half containing repeated concepts. Sentences with 

repeating concepts were in a total of four sentences that revealed a story, or idea 

complex, when presented together. There were two conditions, an integrated and an 

independent condition. In the integrated condition, sentences with repeated concepts 

forming an idea complex were presented in a sequential fashion, whereas, in the other 

condition, the independent condition, these sentences were presented in a random order. 

Results from the first experiment indicated that participants in the integrated condition 
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recognized sentences with repeated concepts as well as sentences with nonrepeated 

concepts. However, single sentences (i.e. nonrepeating concepts) were recognized 

significantly better than than repeated concept sentences in the independent storage 

condition. Furthermore, participants responded better in the integrated condition relative 

to the independent condition on the recognition task. 

In the second experiment, Moeser (1979) extended her findings on a verification 

task in which both percent correctly recognized (during leaming and after reaching 

criterion) and reaction times were analyzed. She found no difference between the 

integrated and independent conditions when correctly recognizing studied sentences from 

foils during leaming as well as on the test after reaching criterion. However, she found 

significant differences for the verification reacfion times. Sentences in the integrated 

condifion, on average, were recognized more quickly (1.73 seconds) than sentences in the 

independent conditions. Furthermore, there was no significant difference between RTs 

stemming from the repeated concept and single sentences in the integrated condition, but 

there was a difference between the two types of sentences in the independent condition. 

Single sentences were reliably verified more quickly than repeated concept sentences. 

The findings from these two experiments, Moeser argued, demonstrates that the fan 

effect arises when facts containing repeated concepts are stored as independent episodes. 

However, facts containing repeated concepts presented in a logical sequential order allow 

for something akin to Hayes-Roth's unitized knowledge representation to occur thereby 

reducing interference. 
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Like both Hayes-Roth (1977) and Moeser (1979), Smith, Adams, and Schorr 

(1978) reported another example a situation allowing for a reducfion of interference or an 

attenuation of the tradifional fan effect. Unlike the previous studies. Smith et al.'s (1978) 

report was responded to by Reder and Anderson (1980). Smith et al. questioned 

Anderson's (1974) original interpretation of the fan effect due to an inherent paradox in 

Anderson's reasoning referred to as the expert's paradox. Accordingly, Smith et al. 

argued that the more information one knew about a topic, the better off that person would 

be in retrieving information relative to someone who knew little about a particular topic. 

They went on to show that participants responded quicker to studied sentences that were 

themafically related versus sentences that were unrelated. This finding, they purported, 

supported their argument that one can overcome associative interference by using 

relevant world knowledge to integrate various facts leamed about a concept. The 

contention between Smith et al. and Anderson's interpretation of the fan effect appears to 

similar to dispute between accessibility and competition models of FOK. The 

accessibility view appears related to Smith et al.'s approach, whereas the competifion is 

similar to associative interference or operates similar to a network model of memory 

rather than a schema-like model of memory. 

Upon a closer inspection, though, Reder and Anderson (1980) criticized the 

materials that Smith et al. used as foil in their experiments. Reder and Anderson then 

went on to show that what Smith et al. really unveiled was more in line with strategic 

selections of studied materials rather than something different than ACT account of the 

fan effect. To accommodate Smith et al.'s findings, Reder and Anderson pointed to what 
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they referred to as thematic subnodes. However, when participants were pressed into 

making closer inspections of the presented sentences on the verification task, the 

previous finding of an attenuated fan effect was replaced by the fan effect. The 

attenuation of the fan effect in the case of Smith et al., Reder and Anderson contended, 

had more to do with the foils used at time of testing rather than anything else. 
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A Closer Look At ACT-R 

According to ACT-R's theory of memory retrieval (Anderson & Reder, 1999a), 

cues corresponding to concepts in the probe are selected with which to attempt retrieval 

of newly leamed facts. Time to retrieve facts is essenfially an exponenfial fianction of the 

amount of acfivation reaching the fact in memory. This is illustrated by the formula 

(taken from Anderson & Reder, 1999a) used to obtain response latency: 

T = I + Fe^' 

In this formula T represents response latency, I is the intercept representing activities that 

do not require the retrieval of the critical facts, and Fe"̂ ' represents the exponenfial 

function of activation. The parameter F represents "a time scale parameter (Anderson & 

Reder, 1999a). The activation of a given concept is considered in further detail next. 

The concepts, ]_, embedded in the probe serve as sources of activation from which 

activation spreads to facts, i, associated with the concepts in memory. There are two 

major factors that are involved in affecting the level of activation. A, for a given fact, i. 

The first involves weights that are assigned to a given concept, Wj., embedded in the fact, 

or sentence. The other factor is the strength of the connection between the concept and 

the fact, or Sj]. This is illustrated by the formula used to compute activafion: 

J 

Basically, activation is the summation of products. The product is the weight multiplied 

by the strength both of which can in tum influence activation (Anderson & Reder, 

1999a). See Figure A.l for an illustration of a network representation of facts (i) and 
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concepts (j) based on a discussion of the fan effect and a figure in Anderson (1995). The 

two factors, weights and strengths are considered next. 

Lawyer 
'j' concept 

Church 
y' concept 

In 
J'concept 

Doctor 
y'concept 

Bank 
y' concept 

Park 
y'concept 

Fireman 
y' concept 

Figure A.l. Illustration of a Network Representation 
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As the cues are being selected in a memory probe, an attentional mechanism 

assigns weights to these cues, or concepts subject to the constraint that the sum of the 

weights does not exceed one, or is equal to one. This is apparently a derivation Anderson 

and Reder had arrived at some time before to ensure that a system did not have an 

unbounded amount of activation (Anderson & Reder, 1993 cited in Anderson & Reder, 

1999a). Activation then will spread from the concepts proportional to the weights 

assigned to the concepts. The amount of activation spreading from the concept to the fact 

in memory is also proportional to the strength of association between these two. The 

strength factor is ulfimately determined by statisfical regularity between concept and fact. 

This is illustrated by the formula for strength: 

S, = S + ln[P(i[i)] 

where S is a constant and P(i|j) is the probability of fact i when concept] is present. For 

instance, if you have leamed three different facts about the "lawyer," then, adhering to 

the standard fan effect paradigm, the probability of any one of those facts occurring is 

one out of three times, or .33. On the other hand, if there was only one studied fact about 

lawyer, the value for which strength would be computed would 1.00. What is unique 

about ACT-R relafive to previous ACT models, is that you can alter the strength between 

concepts and their related facts by presenting certain facts more times relative to the fan 

stemming from the concepts contained within the fact. For instance, in the example 

above with "layvyer" associated with three facts, if any one of those facts is repeated 

more times relative to the other two facts, then the strength between "lawyer" and the 

fact repeated the most receives a higher strength. Thus, lets assume that fact 1 containing 
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lawyer gets repeated 3 times more than facts 2 and 3, both of which contain the concept 

lawyer. The probability of fact 1 occurring is 3 in 5 times which equals .5. Normally, a 

fan 3 concept would yield .33, but, because ACT-R takes into account the stafisfical 

regularity of a concept occurring in a fact, particular facts with higher fan concepts do 

not necessarily result in poorer performance on a verification task. Furthermore, because 

strength is multiplied by a weight, determined by the attentional mechanism, higher fan 

concepts may not contribute as much to the overall amount of activation a particular fact 

receives. In other words, particular concepts with higher fans with lower weights will not 

be as mitigafing, in terms of activafion, relative to concepts that have larger weights. One 

implicafion of this discussion is that performance on verification tasks does not 

necessarily rely on how well items are studied. In fact, in the standard fan paradigm, all 

facts are leamed approximately equally. It appears, then, that statisfical regularity and 

attentional weights play a major role in retrieval performance reducing the fan effect to a 

retrieval-based effect (Anderson & Reder, 1999a, 1999b). In summary, according to 

ACT-R, the fan effect resides in the level of activation a particular fact in memory 

reaches. This is mediated by an attentional weighting mechanism as well as the statistical 

regularity with which the fact and its embedded concepts cooccur. 

Prior to ACT-R's arrival, the challenger, situation models, appeared to have a 

fairly powerful explanafion of the fan effect. This is speculation, but it backed by the fact 

that a situafion model interpretation of the fan effect has only recenfiy been challenged 

(Anderson & Reder, 1999a, 1999b) and is intuitively appealing. Radvansky and Zacks 

(1991) were the first to report this radical interpretation dubbed the mental model 
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(Johnson-Laird, 1983, 1989; Jones, 1995; van Dijk & Kintsch, 1983) interpretafion of the 

fan effect. This was followed up by Radvansky et al. (1993) and renamed the situation 

model interpretation of the fan effect. And since, has been a very producfive line of 

research in terms of quantity and quality (as judged by the joumals in which such 

research has been reported). Like models of ACT, the situation model interpretation of 

the fan effect claimed that activation (and reduction thereof) spreading to knowledge 

representations of newly leamed information played a role the finding of fan effects. 

Unlike the former ACT models, though, the situation model argues for the activation of 

leamed material in the form of situafion models (and recently inhibition of situation 

models, Radvansky, 1999b) rather than the acfivation of nodes residing in a propositional 

network (Radvansky, et al., 1993). But, unlike ACT models, the nature of representation 

is not as explicit nor are the processes that retrieve situation models. 

According to Radvansky (1999), situation models are referential representations 

unlike propositional representations. Paraphrasing Johnson-Laird (1983; 1989) and 

Kintsch (1998) among others, Radvansky states that the representation characteristic of 

situation models takes the form of a mental simulation of a real or fictional world. 

Situation models are multidimensional representations that capture the stmcture of 

situafions as they exist in the world (Radvansky, 1999a). Radvansky goes on further to 

state that cognition has evolved to take advantage of regularities in the world to organize 

informafion (Shepard, 1984 cited in Radvansky, 1999a), and that situafions have 

exploitable and identifiable regularities. The real attracfive feature of this position is its 

capturing of multidimensionality. By multidimensionality, Radvansky states that a shift 
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along dimensions of space, fime, entity, causality, or intenfionality leads to information 

being stored apart in memory. On the other hand, information between shifts is more 

likely to be integrated into a single situation model. And for the sake of simplicity, 

situation models are akin to conceptual nodes postulated in propositional networks. Thus, 

studying that an object is in three different locations represents a shift along a space and 

fime dimension; it is very unlikely that the same object can be in three different locafions 

at one time. However, because of the intrinsic relationship (or just our world knowledge) 

between objects and locations, three different objects in one location is realistic. This 

certainly highlights a feature of the situation model theory that is lacking in the ACT-R 

theory of memory retrieval put forth by Anderson and Reder (1999). Basically, according 

to ACT-R, all associations are initially treated equally; it is only at the time of retrieval 

when differences among relations take place. It would appear that some relations should 

be validated more so than others, but I really don't think ACT-R takes that into 

considerafion in terms of intrinsic properties of concepts. Unlike ACT-R, though, 

Radvansky states that there is little to say about the process of retrieval other than that 

situation models are involved. Thus, for the situation model account of the fan effect, the 

way informafion is stored presents itself as fundamental disfinction when contrasted with 

the ACT-R. 

In terms of the fan effect, when people memorize sentences that are studied, 

situation models are constructed to the extent that people comprehend what sentences are 

about or the circumstances to which they refer (Radvansky, 1999a). Furthermore, when a 

set of facts can be easily interpreted as referring to the same event or situation, such 
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information will be integrated into a common situation model, and this influences 

retrieval of the information. Integrated information will be retrieved more easily than 

nonintegrated information. For example, leaming that the potted palm, vanity mirror, and 

oak desk are in the hotel could be integrated into a location-based situation model. As 

such, retrieving information pertaining to any one such fact should be facilitated relative 

to the scenario in which a single object is three different places. Furthermore, Radvansky 

(1999b) has demonstrated that when you have several different models such as the potted 

palm is in the hotel, library, office, inhibifion of related but irrelevant models occurs. The 

same is not tme for relationships among several tokens within the same model. For 

instance, no inhibifion was observed when using facts similar in nature to the potted 

palm, vanity mirror, and oak desk are in the hotel. Thus knowing that potted palm is in 

the hotel didn't slow participants down when recognizing that the oak desk is in the hotel. 

The converse occurred for facts stemming from different situation models containing the 

same objects. Thus, knowing that the potted palm is in the hotel, inhibited or slowed 

response times to recognize a fact involving other situation models containing the potted 

palm. The point here is that, though the retrieval processes involved are not as explicitly 

idenfified relative to ACT-R, Radvansky (1999b) does point out that inhibition in 

addition to activation occurs for the retrieval of informafion from LTM. 

Now, why were situation models overpowering propositional networks in terms 

of explaining the fan effect? What was and still remains to be their intuitive appeal? The 

answer resides in a discussion of differential fan effects. And although the size of the fan 

effects had been demonstrated to vary under various conditions prior to the arrival of the 
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situation model (Anderson & Reder, 1999a), the ACT family of models really had no 

way of accommodating results of the type Radvansky and colleagues would report 

starting with Radvansky and Zacks (1991). However, the real breakthrough might be 

more accurately reflected in experiments reported in Radvansky et al. (1993), which 

demonstrated variafions in the size of the fan effect now referred to as differential fan 

effects. This is so because, unlike in the Radvansky and Zacks' (1991) study, Radvansky 

and colleagues showed a differenfial fan effect using person-locafion concepts, while at 

the same fime explaining why Anderson (1974) did not find it. A differential fan effect is 

a result in which concept type of one sort demonstrates stronger fan effects or 

interference than its counterpart in studied sentences. Thus, in an experiment using 

objects and locations as concepts in studied sentences, the higher object fan concepts 

result in slower response times, overall, relative to the higher location fan concepts. This, 

then, results typically in a concept type by fan interaction. In Radvansky and colleagues' 

lines of research investigating the fan effect, they often produced findings in which the 

fan effect was greatly reduced, if not totally eliminated, across levels of fan for one 

concept type relative to its counterpart. The big advantage occurred when, in 

Experiments 3 and 4 of Radvansky et al. (1993), there were small effects of fan for the 

person concept relative to the location concept. Follow-up Experiments 5 and 6, resulted 

in even smaller effects for the person concept when locafion concepts were confined to 

locations characterized as small locations like phone booth. 

The explanation for these results was that people were using both person-based 

and location-based situation models in Experiments 3 and 4 of Radvansky et al.'s study. 
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The same was hypothesized to be tme of Anderson's (1974) experiments. To 

demonstrate this, Radvansky et al. made it more difficult to use location-based situation 

models in Experiments 5 and 6 by using location terms representing smaller locations 

like phone booth instead of church. In doing this, according to the situafion model, a 

person-based model could accommodate several locations in the sense that people can 

travel to different places close in fime. Conversely, having three different people in one 

small locafion at one time results in three different situation models due to the fact that 

such represents an unrealistic occurrence at one point in time. Such an explanation was 

advocated as being in line with a situafion model understanding of the fan effect. 

Now, however, ACT-R (Anderson & Reder, 1999a) can accommodate differenfial 

fan effects of the sort reported by Radvansky and colleagues. This is done by allocating 

lower weights to the concept that eventually results in the lowest fan effect. By assigning 

lower weights to such concepts, the counterpart concept (which would receive more 

attention and thus higher weights) within a sentence proves to be the driving factor 

behind the attainment of acfivation levels (Anderson & Reder, 1999a). And Anderson 

and Reder (1999a, 1999b) jusfify this claim by pointing to literature demonstrating that 

concreteness and length of words contribute to such an attentional allocation with higher 

concreteness levels and longer words receiving more attenfion. And sure enough, when 

Anderson and Reder fit their model to Radvansky et al.'s experiments allowing for 

weights to vary based on type of concept (and staying within the weighting constraint 

that the sum of weights stay equal to one), they obtained similar results as that originally 

obtained by Radvansky et al. Thus, Anderson and Reder contended that differential fan 
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effects were not the by product of how material was leamed but how concepts were 

attended to at time of retrieval. 

An inspecfion of ACT-R's modeling of Radvansky et al.'s (1993) data along with 

more studies demonstrating diminished fan effects, though, revealed what Radvansky 

(1999a) reports as disturbing patterns. At first, the correlafions between ACT-R's results 

and original results of these experiments resulted in multiple correlation coefficients with 

values ranging between .7 and .9, pretty good fits. Closer inspecfion of the weights 

obtained when modeling the data, however, revealed that ACT-R was assigning negative 

weights along with near zero weights to the concepts falling into the concept type that 

would eventually result in the attenuafion of the fan effect. Radvansky argued that such 

weights were unrealistic, and as such he recomputed the multiple correlation coefficients 

for the experiments with the constraint that concepts could not receive weights lower 

than . 1. After doing this, Radvansky found mulfiple correlation coefficients with values 

ranging between .4 and .9, which he interpreted as being inconsistent with his data as a 

whole. 

Anderson and Reder (1999b) interpreted Radvansky's findings as being 

successful once again. The fluctuations, they argued, just indicated the difference in 

materials used in the studies that Radvansky was trying to model. But, shouldn't ACT-

R's fits be consistent regardless of materials? That is to say, when a diminished fan effect 

arises, shouldn't ACT-R respond to it in a consistent manner? This, I believe, is 

represents a major weakness ACT-R's account of when a diminished fan effect should 

arise. By the way, Anderson and Reder (1999b) defend ACT-R's computations of 
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negative weights and near-zero weights of particular concepts by pointing out that cues 

do sometimes overshadow other cues. It appears, though, that you must take into account 

more than just concreteness and word length, for even when Radvansky controlled for 

these confounds, a diminished fan effect was still obtained. 

And how about ACT-R's handling of suppression? Although Anderson and Reder 

(1999a) pointed to results denying such an interpretation, Radvansky (1999b) points to 

several methodological errors they committed when testing this account of the fan effect. 

Several major points involved the presentafion of trials and the number of blocks of trials 

employed in their single experiment mling out suppression as altemafive account of the 

fan effect. The test trials were presented in a random order, thus if concept A and B are 

suppressed when concept C is presented in a memory probe to actually test this concept 

A or B should be follow concept C. This was not ensured in Anderson and Reder's 

experiment. Furthermore, Radvansky cites several studies demonstrating that inhibition 

only lasts for so long before its impact is hardly feh at all (see Radvansky 1999b, for 

references), and using more trials at test fime has the possibility of rendering such a test 

insensitive to the effects of inhibition. Although the duration of inhibition and related 

effects are not well understood, Radvansky (1999b) found stronger effects of inhibition 

when the testing trials were decreased. 

To review, two major models attempting to explain the fan have been presented. 

According to ACT-R's theory of memory retrieval, the fan effect can be interpreted in 

terms of a retrieval-based phenomenon. After facts have been committed to memory 

constmed in terms of a propositional network, the fan effect arises due to associative 
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interference incurred at fime of retrieval. Concepts embedded in studied facts are the 

sources from which acfivation spreads to associated facts joined by associated links in 

memory represented as nodes. The level of activation that the node, or studied fact, in 

memory reaches determines how soon a response will be generated. Higher levels of 

activation resuh in quicker response times. Addifionally, strengths and weights assigned 

to concepts have a bearing on the acfivation level, because activation is the sum of these 

factors for the concepts. Furthermore, strength reflects the probability that fact / occurs 

when concepty is present, thus activafion is necessarily mitigated in standard fan 

paradigms for higher fan concepts due to lower probability values generated as a result. 

Also, ACT-R can accommodate differential fan effects by adjusting the assignment of 

weights for different constmct types based on concreteness and word-length. The more 

concrete and the longer the word, the higher the weight that gets assigned to a particular 

concept. As a result, concept types previously thought as resulting in attenuated fan 

effects due to organization at study, are redescribed as concepts that receive less attention 

at time of testing. Consequently, the counterpart concept of the less attended concept 

becomes the driving factor in determining the activation of a particular studied fact 

involving these two concepts. 

In summarizing ACT-R's account of fan effects, such a model represents a very 

explicit model of memory-retrieval. It should be regarded as possessing a strong 

computation account of cognitive processing. On the other hand, it might be constmed as 

too inflexible, although it does compute acfivation in different manner than its 

predecessors. This assertion is defended by the weakness noted in assigning weights to 
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concepts. If somehow, the model could take into account intrinsic properties of concepts 

affording differential weighting in that regard would strengthen this approach. This 

suggestion implies that ACT-R should somehow mimic what we do when accessing 

world knowledge about relations between concepts. How this would be carried out, 

though, is puzzling. As pure speculation, if ACT-R could be also compute latent semantic 

analysis between concepts, maybe a more suitable revision could be gamered. 

According to the situation model (Radvansky, 1999a), the fan effect can be 

explained as storage-based as well retrieval based. At time of study, people create 

situation models of that which they are studying. In doing so, related facts are integrated 

more efficiently than unrelated facts. The better integrated information affords quicker 

retrieval times relative to the converse. Relatedness, then, is characterized as a feature 

capable of spanning several dimensions such as fime and space. For example, with 

objects and locations, the more likely facts share a common dimension(s) the more likely 

a single situation model is formed. Having leamed that three objects are in one location 

does not strain time or spafial dimensions in terms of how things normally operate in the 

real world. Consequently, such facts are better integrated into a single situation model 

and retrieved more quickly than leaming that an object is in three different locations, 

which does vary across time and space. Furthermore, Radvansky (1999b) postulates that 

inhibition occurs at retrieval time. As such, when a one situation model is activated, 

related but irrelevant models get inhibited adding to the decrements observed in typical 

fan effect studies. 
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Considering ACT-R's weakness, though, brings to mind a weakness of the 

situation model account of the fan effect. A major weakness of ACT-R can be arguably 

characterized as being too rigid. The converse of ACT-R's weakness, too flexible, can be 

arguably characterized as being a weakness for the situation model account. This is 

backed up by two major issues. One, is the explicit nature of representations of which the 

situation model says little. We are left with intuifion about what exactly shifts along a 

common dimension are as well as what parameters are used in defining a situation. 

Second, the nature of retrieval lacks explicit details explaining how this operates. All we 

to go on is that models are retrieved and some inhibited, intuitively this sounds fine, but 

on paper this is lacking in comparison with ACT-R. If the situation model could speak 

more to details conceming one, the parameters set for what constitutes a situation, and 

two, the specifics outlining retrieval processes, then this model could be improved 

tremendously. 

Final thoughts about both accounts of the fan effect include the disfinction 

between organization of knowledge and retrieval of knowledge. It's been said that model 

of memory must focus on both process and stmcture. It appears that both accounts of 

memory depicted here need to refine in areas relevant to each, process and stmcture. 

ACT-R would do better, I believe, if more emphasis or explanation went into the 

structure of knowledge. It is readily apparent that intrinsic relationships between 

concepts exist that could have a definite impact on organization of knowledge, and thus 

its stmcture. If ACT-R could implement something comparable to what dub world 

knowledge, then this would result in a major improvement. The situation model account 
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should place more time refining what occurs when retrieval commences, or process. It 

would also be helpful to limit or be more explicit about the stmctures involved that form 

situation models. So another distinction about the two models is arguably the amount of 

world knowledge that comes in to play for both approaches - too little for ACT-R and 

too much for the situation model. 
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APPENDIX B 

SUPPLEMENTARY FINDINGS FOR EXPERIMENT 1 
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Table B.l 

Mean Verification RTs and Standard Deviations (SD) for Tme 
and False Sentences by Imagery Group. Tmth. and Fan Level 
for Experiment 1 

Imagery Condifion Tmth 

Fan Level 

Mean SD Mean SD Mean SD 

None Tme 1650 (583) 1788 (552) 1970 (735) 

False 1761 (552) 1790 (555) 1946 (746) 

Simple Tme 1752 (509) 1844 (404) 1826 (412) 

False 1666 (408) 1867 (453) 1911 (352) 

Interactive Tme 1690 (570) 1831 (634) 2053 (557) 

False 1763 (493) 1967 (557) 2030 (722) 

Note. Times to verify probes (Trues) and foils (Falses) were recorded in milliseconds. 
Numbers in parentheses reflect standard deviations. 
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Table B.2 

Mean POK Judgments and Standard Deviafions (SD) by 
Imagery Group and Fan Level for Experiment 1 

Imagery Condition 

None 

Simple 

Interactive 

1 

Mean SD 

6.28 (1.35) 

6.26 (1.13) 

6.34 (1.52) 

Fan Level 

2 

Mean SD 

5.95 (1.30) 

5.69 (1.14) 

5.76 (1.72) 

Note. Times to make POKs were recorded in milliseconds. 

-> 
J 

Mean SD 

5.64 (1.34) 

5.60 (1.25) 

5.66 (1.67) 
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Table B.3 

Mean Times to Make POK Judgments and Standard Deviations 
(SD) by Imagery Group and Fan Level for Experiment 1 

Imagery Condition 

Fan Level 

Mean SD Mean SD Mean SD 

None 2972 (1937) 3890 (3298) 2990 (2016) 

Simple 3050 (2397) 3160 (1964) 3075 (1846) 

Interactive 2527 (2127) 3390 (3473) 3266 (2293) 

Note. Times to make POKs were recorded in milliseconds. 
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APPENDIX C 

SUPPLEMENTARY FINDINGS FOR EXPERIMENT 2 

122 



T a b l e d 

Mean Verification RTs and Standard Deviafions (SD) For 
Tme and FalseSentences by Location Condition, Tmth, 
and Fan Level for Experiment 2 

Fan Level 

Location Tmth 

Note. Times to verify sentences were recorded in milliseconds. 

Mean SD Mean SD Mean SD 

Single Tme 2230 (774) 2196 (636) 1971 (589) 

False 1986 (417) 2138 (486) 2420 (738) 

Multiple Tme 2270 (587) 2495 (848) 2378 (615) 

False 2274 (437) 2430 (671) 2614 (713) 
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Table C.2 

Mean Rafings and Standard Deviafions (SD) for POKs by 
Location Condition and Fan Level for Experiment 2 

Fan Level 

Location 

Mean SD Mean SD Mean SD 

Single' 6.18 (1.45) 5.54 (1.45) 5.69 (1.37) 

Multiple' 6.11 (1.31) 5.69 (1.41) 5.60 (1.33) 

Note. Participants made POK judgments ranging from 1 (Not Confident At All) to 7 
(Extremely (I!onfident) in response to the following question, "How confident are you 
that you will be able to recognize sentences containing the POK-queried concept." 
'POK-queried terms consisted of location concepts only (e.g., "hotel"). 
'POK-queried terms consisted of object concepts only (e.g., "pay phone"). 
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Table C.3 

Mean RTs and Standard Deviafions (SD) for POKs by 
Location Condition, and Fan Level for Experiment 2 

Location 

Fan Level 

Mean SD Mean SD Mean SD 

Single 3791 (2672) 3948 (2539) 3664 (2766) 

Muhiple 3710 (3151) 3425 (2199) 3524 (2405) 

Note. Times to make POK judgments were recorded in milliseconds. 
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Table C.4 

Confidence Judgment Means and Standard Deviations (SD) 
by Locafion Condifion, Tmth, and Fan Level for Experiment 2 

Fan Level 

Location Tmth 

Mean SD Mean SD Mean SD 

Single Tme 6.79 (.49) 6.80 (.36) 6.91 (.23) 

False 6.80 (.34) 6.85 (.32) 6.96 (.11) 

Multiple Tme 6.84 (.30) 6.90 (.21) 6.91 (.16) 

False 6.88 (.19) 6.78 (.35) 6.92 (.16) 
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Table C.5 

Confidence Judgment RTs Means and Standard Deviations (SD) 
by Location Condition, Tmth, and Fan Level for Experiment 2 

Fan Level 

Location Tmth 

Mean SD Mean SD Mean SD 

Single Tme 989 (790) 888 (507) 1010(873) 

False 862(565) 747 (413) 825 (559) 

Mulfiple Tme 940(771) 1222 (1067) 896 (622) 

False 844 (434) 893 (569) 915 (847) 
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APPENDDC D 

SUPPLEMENTARY FINDINGS FOR EXPERIMENT 3 
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Table D.l 

Mean Verification RTs and Standard Deviations (SD) for 
Tme and False Sentences by Stimuli List Number, Location 
Condifion, Tmth, and Fan Level for Experiment 3 

Location Tmth 

List 1 

List 2 

Fan Level 

Mean SD Mean SD Mean SD 

Single Tme 1640 (808) 1898 (1287) 1736 (843) 

False 2079(1178) 1850(889) 2135(1203) 

Multiple Tme 1644(898) 2121(1232) 1988(801) 

False 1672 (692) 2110 (976) 2169(1077) 

Single Tme 1225 (224) 1206 (137) 1208 (147) 

False 1250(86) 1308(84) 1316(137) 

Multiple Tme 1207(207) 1340(154) 1434(136) 

False 1326(227) 1565(223) 1475(202) 
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Table D.l (continued) 

Fan Level 

Location Tmth 

List 3 

List 4 

Mean SD Mean SD Mean SD 

Single Tme 1580 (550) 1489 (624) 1708 (587) 

False 1630(335) 1439(297) 1874(474) 

Multiple Tme 1365 (427) 1700(355) 1719(503) 

False 1441(335) 1656(401) 1877(418) 

Single Tme 1363 (349) 1496 (283) 1482 (449) 

False 1356(360) 1455(237) 1466(285) 

Multiple Tme 1356(360) 1490(404) 1602(380) 

False 1515(410) 1625(363) 1643(330) 

Note. Numbers in parentheses reflect standard deviations. 
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Table D.2 

Mean Rafings and Standard Deviafions (SD) for POK Judgments 
by Location Condifion, List, and Fan Level for Experiment 3 

Fan Level 

Location List 

Mean SD Mean SD Mean SD 

Single 1 6.20 (.57) 6.10 (.55) 6.10 (.74) 

6.90 (.24) 6.80 (.27) 6.70 (.67) 

6.70 (.67) 5.80 (.76) 5.80 (.57) 

6.90 (.44) 6.00 (.94) 5.60 (.74) 

Muhiple 1 6.60 (.89) 5.80 (.84) 6.00 (.61) 

6.80 (.45) 5.9 (1.29) 6.00 (.94) 

6.80 (.45) 6.30 (.76) 5.90 (1.08) 

6.80 (.45) 5.80 (.57) 5.50 (.61) 

Note. Numbers in parentheses reflect standard deviations. 
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Table D.3 

Mean RTs and Standard Deviations (SD) for POK Judgments 
by Location Condifion, Stimuli List Number, and Fan Level 
for Experiment 3 

Fan Level 

Locafion List 

Note. Numbers in parentheses reflect standard deviations. 

132 

Mean SD Mean SD Mean SD 

Single 1 4408 (3190) 5846 (4564) 6263 (6177) 

1684 (1192) 2959 (1138) 2881 (2188) 

3042 (1087) 5300 (2196) 3457 (1004) 

3156 (1727) 1764 (5225) 4496 (2392) 

Multiple 1 5363 (5349) 4269(4592) 5155(4053) 

2555 (2316) 2316 (1397) 2477 (1227) 

3 3463 (615) 2936 (1040) 3650 (685) 

2280(1515) 4329(4505) 3351(2214) 



APPENDIX E 

SUPPLEMENTARY FINDINGS FOR EXPERIMENT 4 
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Table E.l 

Mean Verification RTs and Standard Deviations (SD) for 
Tme and False Sentences By Stimuli List Number, Location 
Condition, Tmth, and Fan Level for Experiment 4 

Fan Level 

Location Tmth 

List 1 

List 2 

Mean SD Mean SD Mean SD 

Single Tme 1625 (812) 1627 (814) 1771 (1111) 

False 1711 (958) 1715 (881) 1969 (1055) 

Multiple Tme 1446(508) 1918(1179) 1816(1075) 

False 1645 (904) 1755 (839) 1877 (993) 

Single Tme 1213 (524) 1310 (626) 1506 (923) 

False 1389(502) 1566(1028) 1532(724) 

Multiple Tme 1333(542) 1738(750) 1667(768) 

False 1538(789) 1747(871) 1613(657) 

134 



Table E.l (Continued) 

Fan Level 

Location Truth 

List 3 

Mean SD Mean SD Mean SD 

Single True 1389 (633) 1286 (619) 1557 (758) 

False 1434(510) 1308(432) 1738(689) 

Multiple True 1244(559) 1416(611) 1708(765) 

False 1361(782) 1554(692) 1790(856) 

List 4 

Single Tme 1215 (488) 1454 (571) 1345 (656) 

False 1277(393) 1436(641) 1389(532) 

Multiple Tme 1405(651) 1433(873) 1440(530) 

False 1354(405) 1436(454) 1461(569) 

135 



Table E.2 

Standard Deviafions and Mean POK-One Judgments by Location 
Condition, List, and Fan Level for Experiment 4 

Fan Level 

Location List 

Mean SD Mean SD Mean SD 

Single 1 6.80 (.63) 6.70 (.95) 6.40 (1.90) 

6.70 (.67) 6.30 (1.34) 6.60 (.70) 

6.80 (.42) 6.30 (.94) 5.00 (1.76) 

6.60 (.84) 6.60 (.84) 6.60 (.84) 

Multiple 1 6.60(1.27) 6.60 (.69) 6.70 (.67) 

6.70 (.95) 5.80 (1.39) 6.10 (.88) 

3 7.00 (.00) 6.80 (.42) 6.40 (.70) 

6.60 (.84) 6.80 (.63) 6.70 (.67) 
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Table E.3 

Standard Deviafions (SD) and Mean POK-All Judgments by 
Location Condifion, Stimuli List Number, and Fan Level for Experiment 4 

Location List 

Fan Level 

Mean SD Mean SD Mean SD 

Single 1 6.00 (1.41) 4.40 (2.01) 4.90 (.99) 

6.80 (.42) 6.30 (.82) 6.10 (.88) 

6.70 (.67) 5.90 (1.10) 5.20 (1.03) 

6.60 (.97) 6.70 (1.25) 6.60 (.84) 

Multiple 1 5.40(1.43) 5.20(1.23) 4.70(1.76) 

6.10 (1.20) 5.40 (.97) 5.20 (1.87) 

6.80 (.42) 6.50 (.85) 5.80 (1.03) 

6.60 (.84) 6.20 (1.03) 5.90 (1.66) 
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Table E.4 

Standard Deviations (SD) and Mean RTs for POK-One Judgments 
by Location Condition, Stimuli List Number, and Fan Level for Experiment 4 

Location 

Single 

Multiple 

List 

1 

2 

3 

4 

1 

2 

t 
J 

4 

1 

Mean SD 

2849 (2944) 

2492(1668) 

3380(2686) 

2558 (4039) 

2913(3635) 

2992(2919) 

3636 (2446) 

1953(1456) 

Fan Level 

2 

Mean SD 

4255 (4358) 

3900 (2899) 

4773(2711) 

2523 (2270) 

3203(2281) 

3917(3121) 

1452(611) 

1219(676) 

3 

Mean SD 

3438 2556 

2357(1490) 

4379 (2676) 

3698(2851) 

2255(1419) 

4071 (2299) 

3200(2353) 

1209(660) 

138 



Table E.5 

Standard Deviafions (SD) and Mean RTs for POK-All Judgments 
by Location Condition, Stimuli List Number, and Fan Level for Experimem 4 

Fan Level 

Location List l 

Mean SD 

Single 1 2009 (755) 

2 1323 (671) 

3 2824 (2052) 

4 1446(1297) 

Multiple 1 3469 (2678) 

2 1628(922) 

3 3803 (2622) 

4 2061 (1556) 

2 

Mean SD 

2522 (3106) 

2101 (2350) 

3106(1918) 

2279(1381) 

3331 (2769) 

3228 (2828) 

2311 (1476) 

2265(1341) 

Note. Numbers in parentheses reflect standard deviations. These means 

-> 

Mean SD 

5360(3835) 

2302(1312) 

3987(2138) 

3663 (3896) 

2320(1021) 

2457(1150) 

2620 (952) 

2796 (2972) 

reflect means 
stemming from judgments by participants told to predict how well they would recognize 
all sentences containing the POK-queried concept. 
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APPENDIX F 

INSTRUCTIONS FOR THE "NONE", "SIMPLE", AND 

"INTERACTIVE" GROUPS IN EXPERIMENT 1 
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Instructions for the "None" Imagery Group' 

This is an experiment exploring how memory works. In this experiment you will 
be presented with short sentences that tell where an object is located. Your task will be to 
memorize where objects are located, you will see several sentences presented one at a 
fime on te computer screen, all of the displayed sentences will fit the following format: 

The (object) is in the (location). 
Example: The potted palm is in the comp is in the computer lab. 

So for example, "The potted palm is in the computer lab," would represent one sentence, 
later you will be given a recall test over the studied sentences. When you type in your 
response be sure to double-check the spelling of your answer. If you misspell your 
answer, your response will be scored as incorrect, these instmctions will be repeated 
again on the computer. The experiment lasts approximately an hour. 

When you are finished reading these instmctions please inform the experimenter. If you 
have any questions, feel free to ask them, once you begin the experiment, further 
instructions will be displayed and you will not be able to call upon the assistance of the 
experimenter unless there is an emergency (computer starts acting up). Also note that 
there is no talking to other participants once the experiment begins. 

These instmctions were also used for all participants in Experiments 2. 3, and 4. 
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Instmction.s for the "Simple" Imagery Group 

This is an experiment exploring how memory works. In this experiment you will 
be presented with short sentences that tell where an object is located, your task will be to 
memorize where objects are located, you will see several sentences presented one at a 
time on the computer screen, all of the sentences presented will fit the following format: 

The (object) is in the (locafion). 

So for example, "The potted plant is in the computer lab," would represent one sentence. 
Later you would be asked a question like, "What is located in the computer lab?", in this 
case you would type 'potted planf - not "the potted plant". Note that when you respond 
to the questions asking what is in a particular location just type the object's name NOT 
"the" and the object. Also, when you type in your response be sure to double-check the 
spelling of the object, if you misspell the object, your response will be scored as 
incorrect. Note that it is highly encouraged that you use a mnemonic device to help aid in 
memorizing where the objects are located, in some instances you may read more than one 
sentence describing an object. So for example, " The potted plant is located in the 
bathroom', might be displayed in addition to the aforementioned sentence. So not only 
would you have to memorize that the potted plant is in the "computer lab' but also in the 
'bathroom'. One type of mnemonic device that should be of considerable help is the use 
of imagery.. One using this would visually imagine the to be remembered items in some 
form of intermingled picture, the key, though, in this experiment, is to form distinct 
mental images of the objects and locations, for example, considering the two previous 
sentences, one might form an image of a potted plant that one has seen before- specific, 
distinct image like a potted sunflower, then on the this, one might envision a bathtub 
sitting on top of it, or one might picture the sunflower in the bathtub (representing 
bathroom). To remember that the sunflower in the computer lab, one might envision a 
sunflower sitting on top of a computer, there are a countless number of ways to 
remember the practice sentences, this, indeed requires some creative thinking and some 
may refer such formations as bizarre, the key, however, is to make the images distinct 
(images of something you have seen that are related to an object and the locafions being 
portrayed). 

When you are finished reading these instmctions please inform the experimenter, if you 
have any questions, feel free to ask them, once you begin the experiment, further 
instructions will be displayed and you will not be able to call upon the assistance of the 
experimenter unless there is an emergency (computer starts acting up). Also note that 
there is no talking to other participants once the experiment begins. 
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Instmcfion.s for the "Interpretive" Imagery Group 

This IS an experiment exploring how memory works, in this experiment you will 
be presented with short sentences that tell where an object is located, your task will be to 
memorize where objects are located, you will see several sentences presented one at a 
time on the computer screen, all of the sentences presented will fit the following format: 

The (object) is in the (locafion). 

So for example, "The potted plant is in the computer lab," would represent one sentence. 
Later you would be asked a question like, "What is located in the computer lab?" In this 
case you would type "potted plant" - not "the potted plant". Note that when you respond 
to the quesfions asking what is in a particular locafion just type the object's name NOT 
"the" and the object. Also, when you type in your response be sure to double-check the 
spelling of the object. If you misspell the object, your response will be scored as 
incorrect. Note that it is highly encouraged that you use a mnemonic device to help aid in 
memorizing where the objects are located. In some instances you may read more than 
one sentence describing an object. So for example, "The potted plant is located in the 
bathroom," might be displayed in addition to the aforementioned sentence. So not only 
would you have to memorize that the potted plant is in the 'computer lab' but also in the 
'bathroom'. One type of mnemonic device that should be of considerable help is the use 
of imagery. One using this would visually imagine the to be remembered items in some 
form of intermingled picture, the key, though, in this experiment, is to form distinct 
mental images of the objects and locations. For example, considering the two previous 
sentences, one might form an image of a potted plant that one has seen before- specific, 
distinct image like a potted sunflower. Then one might envision a bathtub sitting on top 
of it, or one might picture the sunflower in the bathtub (representing bathroom). To 
remember that the sunflower in the computer lab, one might envision a sunflower sitting 
on top of a computer. There are a countless number of ways to remember the practice 
sentences. This, indeed requires some creative thinking and some may refer such 
formations as bizarre. The key, however, is to make the images distinct (images of 
something you have seen that are related to an object and the locations being portrayed). 
Rather than coming up with two separate images (one in which the potted plant is in the 
bathroom and then another one in which the potted plant is in the computer lab) combine 
images. Furthermore, if you can mentally envision active interactivity you should 
enhance your chances at accurate recall. Drawing on the previous example, rather than 
picturing static images, I might have images doing something like having the potted 
sunflower washing the computer in the tub. Again, the possibilities are unlimited, but 
there are time constraints. Try not to spend to much time on one sentence, because the 
sentences will be presented at a steady pace. Key points to remember when memorizing 
include creating disfinct images and allowing objects to act as "pegs" upon which you 
can attach locations ( or somehow allow for more than one location to fit onto the image 
of the object) and active interacting images. 
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Instmctions for the "Interactive" Imagery Group (confinued) 

When you are finished reading these instmctions please inform the experimenter, if you 
have any questions, feel free to ask them, once you begin the experiment, further 
instructions will be displayed and you will not be able to call upon the assistance of the 
experimenter unless there is an emergency (computer starts acting up). Also note that 
there is no talking to other participants once the experiment begins. 
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APPENDIX G 

STIMULI USED FOR EXPERIMENTS 1 AND 2 
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T a b l e d 

Sfimuli Used in Experiment 1 

Objects Locations 

1. Big desk 

2. Bulletin board 

3. Ceiling fan 

4. Cola machine 

5. Display case 

6. Exit sign 

7. File cabinet 

8. Marble bench 

9. Oak table 

10. Pay phone 

11. Revolving door 

12. Water fountain 

1. Airport 

2. City Hall 

3. Barbershop 

4. Car dealership 

5. Cocktail lounge 

6. Hotel 

7. Laundromat 

8. Public library 

9. Ice cream parlor 

10. High school 

11. Movie theater 

12. Office building 

13. Tanning salon 

14. Courthouse 

15. Police stafion 

16. Hospital 

17- Club spa 

18. Cmise ship 

19. Coffee shop 

20. Art museum 

21. Bookstore 

22. Casino 

23. Dance club 

24. Video store 
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Table G.2 

Sfimuli Used in Experiment 2 

Objects 

1. Big desk 

2. Bulletin board 

3. Ceiling fan 

4. Cola machine 

5. Display case 

6. Exit sign 

7. File cabinet 

8. Marble bench 

9. Oak table 

10. Pay phone 

11. Revolving door 

12. Water fountain 

13. television 

14. chair 

15.tmnk 

16. painfing 

17. curtains 

18. bicycle 

19. clock 

20. lamp 

21. shovel 

22. camera 

23. bookcase 

24. Stereo 

Locations 

1. Airport 

2. City Hall 

3. Barbershop 

4. Car dealership 

5. Cocktail lounge 

6. Hotel 

7. Laundromat 

8. Public library 

9. Ice cream parlor 

10. High school 

11. Movie theater 

12. Office building 

13. Tanning salon 

14. Courthouse 

15. Police station 

16. Hospital 

17. Club spa 

18. Cmise ship 

19. Coffee shop 

20. Art museum 

21. Book store 

22. Casino 

23. Dance club 

24. Video store 
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APPENDIX H 

NORMING STUDY FOR SENSIBILITY MATERIALS AND DATA 
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Table H.l Original Stimuli 

Objects 

1. oak desk 
2. bulletin board 

3. ceiling fan 
4. coke machine 
5. display case 
6. exit sign 
7. file cabinet 
8. bench 
9. table 
10. pay phone 
11. revolving door 
12. water fountain 
13. big screen t.v. 
14. chair 
15. sleeping bag 
16. trunk 
17. painting 
18. curtain 
19. mountain bike 
20. banner 
21. lamp 
22. shovel 
23. camcorder 
24. bookcase 
25. PA system 
26. fire extinguisher 
27. magazine rack 
28. first aid kit 
29. statue 
30. grandfather clock 
31. tool box 
32. globe 

_ . . . i - y y n n i i i t ^ .JIUUY iUI O C I l b l l J i l l l V 

used in Norming Study for Sensibility. 

1 
1 • 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10, 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

Locations 

hflr 
XJdl 

ice cream parlor 
court house 
cruise ship 

r 

casino 
body shop 
church 
lab 
car dealership 
library 
office 
spa 
bookstore 
classroom 
attic 
garage 
barbershop 
laundromat 
theater 
hospital 
museum 
video store 
mall 
gym 
airport 
hotel 
high school 
police station 
coffee shop 
dance club 
arcade 
castle 
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Table H.2. List 1 Used in Experiments 3 and 4. 

Fan (Rating) Single Location (Rating) Multiple Location 

1 (6.8) The display case is in the high school.^ Ĉ ) ^^^ bookcase is in the library. 

(6.8) The first aid kit is in the gym. 

(7) The painting is in the museum. 

(6.6) The water fountain is in the museum. 

(6.8) The red curtain is in the theater. 

(7) The exit sign is in the coffee shop. 

(6.8) The exit sign is in the dance club. 

(6.8) The coke machine is in the hospital. 

(6.8) The file cabinet is in the hospital. 

(6.8) The chair is in the airport. 

(6.8) The chair is in the hotel. 

(7) The table is in the classroom. 

(6.6) The oak desk is in the classroom. 

(6.4) The ceiling fan is in the classroom. 

(6.8) The bench is in the church. 

(6.4) The bench is in the garage. 

(6.4) The bench is in the police station. 

(6.8) The PA system is in the office. 

(6) The bulletin board is in the office. 

(7) The lamp is in the office. 

(6.4) The fire extinguisher is in the body shop. 

(6.6) The fire extinguisher is in the arcade. 

(6.8) The fire extinguisher is in the lab. 

^The number in parentheses refers to the given sentence's sensibility rating. Note 
that there were two observations per cell. 
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Table H.3. List 2 Used in Experiments 3 and 4. 

Fan Single Location 

1 (6.8) The globe is in the high school. 

(6.8) The chair is in the casino. 

Multiple Location 

(7) The banner is in the gym. 

(6.4) The bulletin board is in the lab. 

(6.8) The revolving door is in the museum. (7) The exit sign is in the hotel. 

(6.6) The grandfather clock is in the museum. (̂ -̂ ^ '^^^ ^^'^ ^'S" '̂  '" ^^^ theater. 

(6.6) The big screen t.v. is in the mall. 

(7) The bench is in the mall. 

(6.8) The pay phone is in the court house. 

(6.4) The camcorder is in the court house. 

(6.6) The bookcase is in the court house. 

(6.6) The magazine rack is in the barbershop. 

(7) The magazine rack is in the library. 

(6.8) The fire extinguisher is in the garage. 

(6.4) The fire extinguisher is in the airport. 

(6.4) The fire extinguisher is in the hospital. 

(6.6) The painting is in the attic. 

(6.8) The trunk is in the attic. 

(6.6) The sleeping bag is in the attic. 

(6.8) The table is in the coffee shop. 

(6.8) The table is in the police station. 

(6.8) The table is in the book store. 
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Table H.4. List 3 Used in Experiments 3 and 4. 

Fan Single Location Multiple Location 

1 (6.8) The lamp is in the attic. (6.8) The shovel is in the garage. 

(7) The file cabinet is in the car dealership. (7) The display case is in the museum. 

2 (7) The PA system is in the airport. 

(6.6) The painting is in the airport. 

(6.8) The big screen t.v. is in the hotel. 

(6.6) The big screen t.v. is in the bar. 

(6.8) The chair is in the classroom. 

(6.8) The banner is in the classroom. 

(6.8) The coke machine is in the gym. 

(6.6) The coke machine is in the body shop. 

3 (6.8) The fire extinguisher is in the high school. (6.8) The exit sign is in the library. 

(6.8) The table is in the high school. (6.6) The exit sign is in the bookstore. 

(6.4) The bulletin board is in the high school. (6.8) The exit sign is in the arcade. 

(6.8) The bookcase is in the office. 

(6.8) The oak desk is in the office. 

(6.6) The globe is in the office. 

(6.6) The pay phone is in the police station. 

(7) The pay phone is in the mall. 

(6.4) The pay phone is in the dance club. 
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Table H.5. List 4 Used in Experiments 3 and 4. 

Fan Single Location 

I (7) The bookcase is in the bookstore. 

(6.8) The pay phone is in the hospital-

Multiple Location 

(6.6) The first aid kit is in the police station. 

(7) The tool box is in the garage. 

2 (6.8) The magazine rack is in the coffee shop. (6.8) The table is in the bar. 

(5.8) The fire exfinguisher is in the coffee shop. (7) jhe table is in the casino. 

(6.6) The ceiling fan is in the museum. 

(6.4) The globe is in the museum. 

(6.8) The painting is in the hotel. 

(6.6) The painting is in the court house. 

(6.6) The file cabinet is in the library. 

(6.6) The lamp is in the library. 

(7) The oak desk is in the library. 

(6.8) The water fountain is in the mall. 

(6.6) The water fountain is in the theater. 

(6.4) The water fountain is in the high school. 

(6.6) The bench is in the airport. 

(7) The exit sign is in the airport. 

(7) The coke machine is in the airport. 

(6.8) The chair is in the barbershop. 

(6.8) The chair is in the ice cream parlor. 

(7) The chair is in the office. 
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APPENDIX I 

CONSENT FORMS USED IN EXPERIMENTS 1 THROUGH 4 
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Consent Form 

Memory For Sentential Content 

I understand the person in charge of this study is Dr. Ruth Maki in the Departmem of 
Psychology, TTU, who can be reached at 742-3695 and Michael J. McGuire in the 
Department of Psychology, who can be reached at 799-4567. 

I understand that the purpose of this study is to investigate processes involved in 
memorization of items to-be-leamed. This will be achieved by reading and answering 
questions about short sentences. 

I understand that only the researchers will have access to my records, that all data will be 
confidential and that my name will not be included in any presentation or publication f 
the results. I understand that if I am a Psychology 1300 student, I will receive 1 point to 
be credited towards course requirements for Psychology 1300.1 understand that there 
will be no therapeutic effect form participating and that I may withdraw at any time I 
choose without penalty. 

I understand that Dr. Ruth Maki and Michael McGuire (or their research assistants) have 
agreed to answer any question I may have conceming the procedures, and that I may 
contact the Texas Tech University Institufional Review board for the Protection of 
Human Subjects, Holden Hall, Texas Tech University, Lubbock, TX 79409, (806) 742-
3884. 

I understand that if this research project causes any physical injury to participants in this 
project, treatment is not necessarily available at Texas Tech University or at the Student 
Health Center, nor is there necessarily insurance carried by the University or its 
personnel applicable to cover any such injury. Financial compensation for any such 
injury must be provided through the participant's own insurance program. Further 
information about these matters may be obtained from Dr. Robert M. Sweazy. Vice 
Provost for Research, Room 293. Holden Hall, Texas tech University, Lubbock, TX 
79409 (806) 742-3884. 

I hereby give my consent to participate. 
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APPENDIX J 

DEBRIEFING STATEMENT USED IN EXPERIMENTS 1 THROUGH 4 
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Debriefing 

In this experiment we are trying to leam more about the processes involved in 
assessing what we do and don not know. Specifically, we are interested in processes 
involved in predicfing fiiture memory performance. For example, suppose a sentence 
states that the marble bench is located in the car dealership. In another sentence, it is 
stated that the marble bench is located in the book store. In this instance, one's prediction 
conceming the whereabouts of the marble bench may be hampered due to the fact that 
two locations are associated with one object. Furthermore, one's actual performance in 
recognizing where the marble bench is may be reflected by their confidence in how well 
they think they know where the marble bench h is. In a second condition, an object would 
be paired with more than tow locations or with only on location. In the former case, it is 
unlikely that one's prediction would be hampered as would recognition performance 
relative to the condifion where more locations are associated with one object. However, 
previous research suggest that, in some situations, more information attached to a 
particular to-be-leamed items may enhance one's predictions and degrade performance 
of recognition of that was learned as measured by response latency due to what is termed 
the fan effect, or interference. The fan effect is simply an increase in response time to an 
item that has more information associated with it compared to an item with less 
information associated with it. 

There has been considerable research investigating the fan and predictions for 
future memory performance, but not necessarily both at once. Our goal in this experiment 
and future experiments will be to investigate factors that influence the processes involved 
in generating feelings-of-knowing by manipulating the amount of information in addition 
to the type of information that has to be leamed. Furthermore, in this experiment in 
particular, the use of imagery was expected to dampen the effects fo fan (increasing 
amount of information associated with a given object). 

We would like to thank you for your participation in your experiment. Please feel free to 
ask any questions that you may have. Also, we should be done with experiment near the 
end of the semester if you would like to see how it came out, please stop y room fl 17-K 
in Psychology Building. We would be more than happy to share the results with you . In 
the meanfime, we ask that you do not discuss this experiment with other students, unless 
they have already participated. 
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