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SUMMARY 

 The generation effect is the memory benefit for information that is self-generated 

compared to information that is read. Several boundary conditions have been identified for this 

effect, suggesting the memory benefit for generating is not universal, but instead depends on 

certain experimental factors. Although several theories have been proposed to account for the 

generation effect throughout the study of this memory phenomenon, the existing theories often 

only apply under a specific set of experimental conditions, limiting their explanatory power. 

Based on principles of contextualism, I develop and empirically test a contextual theory of the 

generation effect that flexibly accounts for variations in the generation effect by considering 

interactions among four key experimental factors: encoding task, materials, memory test, and 

subject (abilities). To test the theory, I compared the size of the generation effect across 16 

different experimental contexts (representing variation in how these four experimental factors 

interact with one another). The results of this study confirm that the generation effect is strongly 

influenced by the experimental context under which it is studied, revealing that the generation 

effect (i.e., the memory benefit over reading) varied from a 10% to 20% increase for a free recall 

memory test and from a 22% to 36% increase for a recognition memory test across the different 

experimental contexts. Further, analyses showed a four-way interaction between each of the four 

factors included in the theory, suggesting that these factors uniquely influence the outcomes of 

generation effect studies. The overall pattern of results, however, did not fully align with the 

predictions of the contextual theory, highlighting that more research is needed to refine the 

theory. The data from this project can be used as a guide for future investigations on the 

interactions among the four key factors to inform future theoretical work and advance 

understanding of the generation effect.  
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 I. INTRODUCTION 

Since the beginning of the modern era of psychology, experiments have been a favorite 

methodology for generating new knowledge about human memory (Ebbinghaus, 1885). Early 

on, researchers following Ebbinghaus carried out experiments under the assumption that through 

careful and systematic experimentation, one could discover “truths” about memory, or laws that 

govern the fundamentals of memory function (e.g., Thordike's Law of Effect; Thorndike, 1927). 

Although most formal memory laws have disappeared (Roediger, 2008), today’s literature on 

human memory is now rife with various memory “effects” that describe generalities about 

memory such as: more meaningful (or semantic) processing at encoding leads to better memory 

compared to less meaningful (or non-semantic) processing (i.e., levels of processing effect; Craik 

& Lockhart, 1972), spaced learning leads to better retention than massed learning (i.e., spacing 

effect; Ebbinghaus, 1885; Hintzman, 1974; Rohrer & Pashler, 2007), testing improves memory 

for previously learned materials compared to restudying (i.e., testing effect; Roediger & 

Karpicke, 2006), self-generating information improves memory over reading (i.e., generation 

effect; Slamecka & Graf, 1978), among others. Although these memory effects provide a more 

comprehendible understanding of memory, many (if not all) of these effects are limited by 

several boundary conditions (i.e., circumstances when the effect does not occur). As research 

continues to accumulate, it is becoming clearer that human memory may be too complex to be 

described by universal memory laws or effects, but instead a host of factors must be considered 

to make an informed prediction about how memory will perform. Indeed, as Roediger (2008) put 

it in his review on the relativity of memory, “... the great truth of the first 120 years of the 

empirical study of human memory is captured in the phrase ‘it depends’” (p. 228).  

A. Contextualism and Memory 
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The philosophy that the results of an experiment are a function of the experimental 

context in which it is studied is sometimes referred to as contextualism (see Hoffman, 1986, for a 

historical review). Although the ideas of contextualism have been expressed throughout the 

history of experimental research (Laudan, 1977; McKeachie, 1974), one of the pioneers in 

advancing these ideas in the study of memory was James J. Jenkins. In 1979, Jenkins authored a 

book chapter in which he claims that the results of all memory experiments are context sensitive 

(i.e., influenced by certain experimental factors). In this chapter he proposes a tetrahedral model 

of memory experiments (Jenkins, 1979), which designates that experiments are primarily made 

up of four key factors: the orienting (encoding) task, the criterial task (memory test), the 

materials (used in the task), and (abilities of the) subjects. In Jenkins’ model, the encoding task 

refers to any feature of the experiment that directs how subjects first interact with to-be-learned 

information, the memory test refers to the way subjects are asked to retrieve information, 

materials refer to the type of information to be learned and how that information is presented, 

and the subjects factor refers to the abilities (or inabilities) of the subject to engage in processing 

dictated by the experiment. Jenkins’ thesis was that these factors interact “vigorously” with one 

another to influence memory performance and that these interactions should be considered when 

interpreting the results of any experiment (Jenkins, 1979).  

At the time Jenkins wrote this chapter in 1979, many researchers had just begun 

investigating interactions between two of the four key factors he identified (hereafter referred to 

as “lower-order interactions”). In the decades that have followed, researchers have made great 

strides in advancing knowledge on the lower-order interactions between these factors (e.g., the 

encoding task by memory test interaction has been studied most, but some work has also looked 

at encoding task by materials and encoding task by subject interactions). Some findings on these 
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lower-order interactions have been regarded as some of the most influential developments in the 

study of human memory to date, such as the concepts of transfer-appropriate processing 

(hereafter referred to as TAP; Morris et al., 1977) and encoding specificity (Tulving & Thomson, 

1973). TAP suggests that memory performance will be best when there is greater overlap 

between processing at encoding and retrieval (and encoding specificity suggests that memory 

performance depends on the similarity between the conditions at encoding and retrieval; Tulving 

& Thomson, 1973). These two memory principles represent classic examples of the interaction 

between the encoding task and memory test factors, but importantly represent only one of many 

interactions that should be considered according to Jenkins (1979). Yet surprisingly, little to no 

work has been done to extend these ideas toward investigating the higher-order interactions 

among these key factors (i.e., simultaneously considering the interactions between more than two 

of the four key factors). Jenkins proposed this idea more than 40 years ago, and yet little work 

has followed up on this important point. Indeed, it is still common practice for researchers to 

disregard certain experimental factors in order to investigate a lower-order interaction of interest. 

For example, to investigate TAP (i.e., how the encoding task and memory test interact), 

researchers often purposefully hold the materials and subject variables constant in order to 

reduce or eliminate their influence on memory. But how might the principles of TAP be affected 

by changes in materials, or different subject groups? These are the types of questions yet to be 

fully addressed by empirical work, but seem to represent a crucial step forward in generating 

new knowledge about human memory. Thus, this project aims to examine how considering the 

higher-order interactions among four key experimental factors can provide a step forward toward 

a more nuanced understanding of human memory.  
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In the spirit of Jenkins and the ideas of contextualism, in this project I develop and test a 

“contextual theory” of one of the aforementioned memory effects that guide our understanding 

of memory, the generation effect. Decades of research has been devoted to studying the 

generation effect (for reviews see Bertsch et al., 2007; McCurdy et al., In press; Mulligan & 

Lozito, 2004), but an impoverished focus on the interactions among the four key experimental 

factors described by Jenkins (encoding task, memory test, materials, subjects) has led to a wide-

range of outcomes across studies, without a commonly agreed upon theory to account for the 

variability. Thus, the generation effect makes for a prime target for developing a contextual 

theory to predict variations in memory performance across different experimental contexts by 

considering the simultaneous interactions among four key experimental factors.  

In the next few sections, I will first provide some background on the generation effect by 

describing prior theoretical work attempting to account for why the effect occurs. Then, I will 

review some research that has examined how the lower-order interactions (between two of the 

four factors) influence the size of the generation effect. The conclusions from these studies are 

important as they will serve as the foundation for the contextual theory I propose. After 

presenting this previous research, I will introduce the contextual theory and describe some 

testable predictions that can be drawn from this theory. Then, I conduct an empirical test of these 

predictions to examine how well this theory can account for the variations in the generation 

effect under different experimental contexts. 

B. The Generation Effect 

The generation effect is the commonly observed memory benefit for information that is 

self-generated compared to information that is read (Slamecka & Graf, 1978). In a typical 

generation effect study, subjects learn word pairs in either a generate condition where subjects 
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self-generate a target word from a cue (e.g., OPEN – C____), or a read condition where subjects 

read an intact word pair (e.g., REPLY – ANSWER). The common finding is that memory is 

better for words that are self-generated compared to read (i.e., a generation effect; Jacoby, 1978; 

Slamecka & Graf, 1978). This effect is evident across a variety of experimental conditions 

(Bertsch et al., 2007; McCurdy et al., In press), however, certain features of the experimental 

procedure used have been shown to largely influence the relative size of the memory benefit 

from self-generation. For example, the generation effect is often larger in experiments where 

subjects are not aware of an impending memory test, relative to when they are aware of a 

memory test (Begg et al., 1991; Watkins & Sechler, 1988). Furthermore, several boundary 

conditions for the effect have been identified, where generation no longer improves memory 

compared to reading. For example, the generation effect is often eliminated in a between-subject 

design using a free recall memory test (Begg & Snider, 1987; Schmidt, 1990; Schmidt & Cherry, 

1989; Slamecka & Katsaiti, 1987). These examples, among other well-known boundary 

conditions (e.g., generating non-meaningful information; Johns & Swanson, 1988; McElroy & 

Slamecka, 1982; Nairne & Widner, 1987), importantly highlight that the generation effect (as 

with many memory effects) is sensitive to the exact experimental conditions used in a given 

experiment, or experimental context.  

1. Theories of the Generation Effect 

Throughout the history of research on the generation effect, several theories have been 

proposed to account for how self-generation improves memory over reading. The leading theory 

suggests that generation leads to better memory than reading because it enhances two types of 

encoding processes: item-specific and relational processing (i.e., the multi-factor theory; 

Hirshman & Bjork, 1988; McDaniel et al., 1988). Item-specific processing refers to encoding of 
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the properties that are unique to the to-be-learned item (i.e., that distinguish that item from other 

studied items). In contrast, relational processing refers to the encoding of the relationship of the 

to-be-learned item to either a cue word (in paired associate learning; i.e., cue-target relational 

processing, Hirshman & Bjork, 1988), or of the relationship of that item to other items (i.e., 

target-target relational processing, McDaniel et al., 1990; McDaniel et al., 1988). 

 A recent meta-analysis on the generation effect assessed the empirical support for several 

extant theories (McCurdy et al., In press). This study found that although some theories, 

including the multi-factor theory, were supported to some degree, the existing theories could not 

fully account for the variation in the generation effect, suggesting that more comprehensive 

theories are needed. For instance, although it is clearly important to consider the processes 

engaged at encoding (e.g., the multi-factor theory), this factor alone is not the only component 

worth considering. As Jenkins’ (1979) model suggests, it is important to consider how these 

processes at encoding interact with other factors. Indeed, the meta-analysis described above also 

identified several key moderators of the generation effect (e.g., generation task type, memory 

test, stimuli type; McCurdy et al., In press), many of which could be binned into one of the four 

key factors identified in Jenkins’ (1979) model. Therefore, to attempt to account for more 

variance in the size of the generation effect across different experimental contexts, the theory I 

develop simultaneously considers the interaction among four factors (encoding task, memory 

test, materials, subjects). In line with other theoretical work that suggests simultaneously 

considering multiple factors often provides a more complete account than considering these 

factors in isolation (Healey & Kahana, 2016), a theory of the generation effect that accounts for 

four factors (as opposed to two) should account for more of the variance of the generation effect 

and more accurately predict when generation will lead to higher or lower memory performance. 
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2. Encoding (Generation) Task Processing and Generation Constraint 

Although the focus of this project is on interactions, given that the generation effect 

primarily refers to a manipulation of the encoding task factor it may be useful to consider this 

factor in isolation before discussing how the encoding task interacts with other three 

experimental factors to be included in the contextual theory. Specifically, it is important to 

consider the processing induced by a generation task compared to reading, and the features of the 

generation task that can influence the type of processing induced by the task at encoding. As 

reviewed earlier, generation tasks are thought to induce both item-specific and relational 

processing at encoding (Hirshman & Bjork, 1988). The contextual theory I develop in this 

project will mainly focus on the distinction between these two types of encoding processes.1 In 

order to understand how different encoding tasks might induce different encoding processes 

(item-specific, relational), in the next section I will discuss a factor known as generation 

constraint because this factor shows how different generation tasks can lead to more or less item-

specific and relational processing, respectively. 

One limitation of the multi-factor theory is that it broadly lumps all generation tasks 

together in terms of memory improvement that derives from item-specific and relational 

processing. More recent research, however, has shown that not all generation tasks are equal, and 

some features of generation tasks may influence the relative amount of item-specific or relational 

processing, which in turn can influence the magnitude of the generation effect. Specifically, one 

feature within the encoding (generation) task factor that has been shown to influence the 

magnitude of the generation effect is generation constraint (Fiedler et al., 1992; Gardiner et al., 

																																																													
1 Despite focusing on the distinction between item-specific and relational processing, the theory can also 
accommodate other types of task processing (e.g., conceptual, perceptual, phonemic, etc.; Jacoby, 1983; Payne et al., 
1986), but for the purposes of this empirical work I will only focus on item-specific and relational processing. 
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1985; McCurdy et al., 2017, 2019; McCurdy et al., In press). Generation constraint can be 

thought of as the amount of information limiting what a subject can self-generate. A variety of 

generation tasks have been used in prior studies on the generation effect, with some tasks placing 

more or less constraints on what can be self-generated compared to other tasks. For example, a 

lower-constraint generation task might provide a cue word and ask subjects to generate an 

associated target word (e.g., generating semantic associates; OPEN – _____). In contrast, a 

higher-constraint generation task provides more information that limits (or constrains) how 

subjects generate the target item (e.g., solve the anagram: OPEN – COSEL). Importantly, prior 

work has shown that generation tasks with fewer constraints often lead to differential memory 

benefits compared to generation tasks with higher constraints (Fiedler et al., 1992; Gardiner et 

al., 1985; McCurdy et al., 2017, 2019).  

The influence of generation constraint on memory performance is also subject to 

experimental context, however, where the memory effects for generation constraint differ 

depending on the type of memory test used. Prior work on generation constraint has found that 

the increased memory for lower-compared to higher-constraint generation is often limited to 

recall memory tests (and does not seem to influence item recognition), suggesting that this 

difference in memory may be tied to differences in processing between a lower- and higher-

constraint generation task (McCurdy et al., 2019; McCurdy et al., 2020; McCurdy et al., In 

press). Given that prior work has shown that recognition and recall tests are sensitive to item-

specific and relational processing respectively (Burns, 2006), these findings suggest that 

differences in generation constraint may influence the relative amount of item-specific versus 

relational processing induced. Specifically, more recent work has shown evidence that lower-

constraint tasks lead to greater relational processing, whereas higher-constraint tasks lead to 
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greater item-specific processing (McCurdy et al., 2019; McCurdy et al., 2020; McCurdy et al., In 

press). 

Overall, what these findings suggest is that a successful theory of the generation effect 

must take into account differences between generation tasks (and the type of processing these 

tasks induce). Thus, the contextual theory developed in this project accounts for the type of 

processing induced by the task (i.e., the exact generation task used at encoding), and how that 

processing interacts with other experimental factors.  

Next, I turn to a review of prior work examining the lower-order interactions between 

the encoding task and the other three experimental factors. In each section, I will describe the 

interaction, provide some examples from prior work that demonstrates the importance of this 

interaction, and then provide a “conclusion” that I will return to later in a discussion on higher-

order interactions as it pertains to developing the contextual theory of the generation effect. 

C. Lower-Order Interactions 

1. Encoding Task by Memory Test Interaction – “Transfer-Appropriate 

Processing” 

Of the various interactions I will pitch in this project (between encoding task, memory 

test, materials, and subjects), the interaction that has arguably been the most widely studied is 

between the encoding task and memory test. The memory principle of transfer-appropriate 

processing (TAP; Morris et al., 1977), was developed to describe how this interaction influences 

memory. Specifically, TAP is the idea that memory performance will be determined by the 

extent the processing engaged during encoding matches (or overlaps with) the processing 

required by the memory test. One way to assess TAP, is through the use of different memory 

tests for a given encoding task. Prior work has shown that different types of memory tests are 
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sensitive to differences in processing induced at encoding (Hirshman & Bjork, 1988; Jacoby, 

1983; Rabinowitz & Craik, 1986) For example, item recognition tests are thought to be sensitive 

to item-specific processing, whereas free recall tests are sensitive to relational processing (Burns, 

2006). Thus, according to TAP, an encoding task where there is more processing overlap 

between the task and the memory test will yield better memory than an encoding task where 

there is less processing overlap between the task and the memory test.  

As with many memory phenomena, TAP has been proposed to account for variation in 

the magnitude of the generation effect. Prior empirical work has shown that generation is often 

more effective in improving memory compared to read (control) tasks because there is a greater 

match in processing between generating and most memory tests (e.g., recognition, cued recall, 

free recall; deWinstanley & Bjork, 1997; Mulligan, 2011; Steffens & Erdfelder, 1998). One 

demonstration of the importance of this interaction to the generation effect comes from 

deWinstanley and Bjork (1997). In their study, they manipulated the instructions given at the 

time of encoding to focus on one type of processing or another (specifically, cue-target or target-

target relational). At retrieval, subjects were given either a cued recall test (sensitive to cue-target 

processing), or a free recall test (sensitive to target-target processing). They found that the 

generation effect depended on both the encoding task instructions and the type of memory test 

used. Specifically, they found that instructions that focus on cue-target relations led to a larger 

generation effect on a cued recall test, relative to a free recall test. In contrast, instructions to 

focus on relations among target items during generation led to a larger generation effect on a free 

recall test, compared to a cued recall test (deWinstanley & Bjork, 1997). Although the empirical 

work I report below does not focus on cue-target versus target-target relational processing, this 

example from deWinstanley and Bjork (1997) demonstrates the importance of the interaction 
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between encoding task and memory test, suggesting this interaction should be considered in a 

theory attempting to account for the generation effect.  

Many demonstrations of this interaction between encoding task and memory test have 

been shown throughout the generation effect literature (McNamara & Healy, 1995; Mulligan, 

2004, 2011; Mulligan & Lozito, 2006; Nieznański, 2012, 2014; Steffens & Erdfelder, 1998). 

Together, these studies have shown that the relative size of the generation effect is dependent on 

the amount of overlap between the encoding task processing and the processing required to 

perform well on the memory test given. As mentioned earlier, for each interaction I will make a 

conclusion based on prior findings that I will return to in a later section on higher-order 

interactions. The conclusion for the encoding task by memory test (TAP) interaction is: A 

generation task will increase memory performance to the extent it induces processing that 

matches the processing the memory test is sensitive to.  

In this study, I will test the encoding task by memory test interaction by examining 

memory performance for a lower-constraint generation (relational) task and a higher-constraint 

generation (item-specific) task, using both a free recall test (relational), and item recognition test 

(item-specific). TAP suggests that the lower-constraint (relational) task should provide best 

memory on the free recall test because relational task and free recall tests represent a match in 

the type of processing required, while the higher-constraint (item-specific) task should provide 

best memory on the item recognition test because item-specific tasks and recognition tests 

represent a match in processing.  

2. Encoding Task / Materials Interaction – “Material-Appropriate Processing” 

Although it has received arguably less attention than the interaction between encoding 

task and memory test, some work has also investigated the interaction between the encoding task 
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and materials (Einstein & Hunt, 1980; Einstein et al., 1990; Hunt & Einstein, 1981; McDaniel & 

Einstein, 1989; McDaniel et al., 1986). This work has led to a principle that McDaniel and 

Einstein (1989) dubbed “material-appropriate processing”, hereafter referred to as MAP. In 

contrast to the principle of TAP described earlier, MAP suggests that memory is best when the 

processing induced by the encoding task is different from (or complementary to) the processing 

induced by the materials alone. In order to understand MAP, it might be helpful to give an 

illustrative empirical example. In their study, McDaniel et al. (1986) used two different types of 

materials and two different types of generation tasks, each designed to bias processing of 

different information. For their materials, they used a descriptive text (i.e., an excerpt from a 

textbook) which has been shown to invoke item-specific processing, and a fairy tale text which 

has been shown to invoke relational processing (Graf & Levy, 1984; Kintsch & Young, 1984). 

Prior work has shown that the causal chains in fairy tale texts are more clearly defined in 

narrative texts (e.g., fairy tales) which affords greater relational processing compared to 

descriptive texts, (Zelinski & Gilewski, 1988). In contrast, other work has shown that descriptive 

texts lead to greater encoding of the individual words in the text, affording greater item-specific 

processing relative to narrative texts (Graf & Levy, 1984). For the generation tasks, they had 

some subjects fill in letters of the text that were missing, a task designed to induce item-specific 

processing (i.e., emphasized the individual words of the text), while other subjects arranged 

scrambled sentences into their correct order, a task designed to induce relational processing (i.e., 

emphasized the relation among the words of the text). The results of the study showed that an 

item-specific generation task (e.g. missing letters) led to better memory for relational materials 

(e.g., fairy tale text), while the relational generation task (e.g., sentence reordering) led to better 

memory for item-specific materials (e.g., descriptive text). In other words, the generation task 



	 	 13 

	
	

that induced processing that was different from (or complementary to) the processing induced by 

the materials led to the best memory performance (McDaniel et al., 1986).  

The principles of MAP have also been demonstrated in word-list learning (Einstein & 

Hunt, 1980; Hunt & Einstein, 1981). Specifically, Einstein and Hunt (1980) showed that 

categorically related word lists naturally induce relational processing, whereas unrelated word 

lists tend to induce more item-specific processing. In this study, they showed that an encoding 

task that provided different (or complementary) processing from the materials led to better 

memory performance. Specifically, an item-specific encoding task led to better memory on a 

related word list, while a relational encoding task led to better memory on an unrelated list, a 

finding that has been replicated in later studies as well (Einstein & Hunt, 1980; Hunt & Einstein, 

1981; Hunt & Seta, 1984). Theoretical work has suggested that a match in processing between 

encoding task and materials leads to redundant processing of the same information, affording 

weaker memory benefits than a mismatch where multiple types of information are processed 

together (McDaniel & Einstein, 1989; McDaniel et al., 1986). More recent work has shown that 

simultaneous encoding of both item-specific and relational information leads to better memory 

through distinctiveness, or the combined effect of processing similarity and difference (Hunt, 

2006, 2012; Hunt & McDaniel, 1993). Specifically, it is thought that relational processing 

promotes the encoding of the similarity (or shared features; e.g., category membership) among 

items, while item-specific processing promotes the encoding of differences (or the unique 

features) that distinguish one item from another. At retrieval, both types of information are useful 

to make accurate memory judgments. Relational information is used to broadly define the 

episode to be remembered (i.e., brings to mind a group of items that share some feature, e.g., 

category membership), and item-specific information is used to distinguish the target item from 
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other similar items encoded in that episode (Hunt, 2006, 2012; Hunt & McDaniel, 1993). Thus, 

distinctiveness can explain why experimental contexts where the encoding task and materials 

provide different (or complementary) processing lead to increased memory performance relative 

to contexts where there is a match in processing between the encoding task and materials. 

Based on the evidence reviewed on MAP, the conclusion for this interaction is: A 

generation task will increase memory performance to the extent it requires processing that 

is different from (or complementary to) the processing induced by the materials used. 

To test the encoding task by materials interaction, I will use two generation tasks and two 

types of materials that tap into item-specific and relational processing, respectively. Specifically, 

I will test memory performance for a lower-constraint generation (relational) task, a higher-

constraint generation task (item-specific), with a related list structure (relational) and an 

unrelated list structure (item-specific). In the related list structure, multiple words belonging to a 

single category will be presented in succession, whereas in the unrelated list, words from the 

same category will be presented intermixed with words from other categories throughout the list. 

MAP suggests that the lower-constraint generation task should provide better memory with an 

unrelated list structure, whereas the higher-constraint generation task will provide better memory 

with a related list structure. 

3. Encoding Task/Subject Interaction – “Subject-Appropriate Processing” 

Although it may often be assumed, it is also important to consider the extent a subject can 

engage in the processing required by a given encoding task. This factor (perhaps more than the 

others) is typically ignored as many studies utilize a convenience sample of college-age students. 

Yet, in the cases where different subject populations are used, it is often found that the abilities 
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of the subjects being studied can interact with the processing required by the encoding task to 

influence memory performance.  

One example of the importance of the encoding task by subject ability interaction comes 

from research showing that differences in subjects’ prior knowledge can influence how one 

engages with an encoding task, thus leading to differences in memory (Reardon et al., 1987). 

Specifically, Reardon and colleagues (1987) examined the generation effect for “experts” versus 

“novices” in the domain of the materials used. Psychology faculty members (experts) and 

college-level psychology students (novices) were given factual sentences about various 

psychological concepts. For half of the concepts, subjects generated the keyword of the concept, 

and for the other half, subjects read the keyword. Experts showed better memory for generated 

concepts compared to read concepts, but novices showed no differences between the two 

conditions (i.e., a generation effect for experts, but not novices; Reardon et al., 1987). The 

authors suggested that because of their increased background knowledge, generation led to more 

elaborative encoding for experts compared to novices who likely had a smaller network of 

knowledge in this domain. In other words, the subjects’ prior knowledge influenced their ability 

to successfully engage in the generation task. This study highlights how differences in subjects’ 

abilities (e.g., expertise) can determine the effectiveness of a generation task (see also Kalyuga, 

2009, for a review on the influence of expertise on various encoding strategies).   

Overall, prior work considering the interaction between encoding task and subjects 

provides the conclusion: A generation task will increase memory performance to the extent 

it requires processing that the subject is able to successfully engage. In conforming to the 

conventions adopted in describing the other two interactions reviewed earlier, I refer to this 
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(encoding task by subjects) interaction as “subject-appropriate processing”, hereafter referred to 

as SAP.  

To test this interaction, I will examine memory performance for two groups of subjects 

that differ in their ability to process English words, and thus their ability to engage in the type of 

processing provided by the two generation tasks. Specifically, one group of subjects will be low-

ability and another group will be high-ability based on an English vocabulary assessment.  

D. Higher-Order Interactions / Predictions of the Theory 

 In the previous sections, I have reviewed prior work that has considered some lower-

order (two-way) interactions between the encoding task, and the memory test, materials, and 

subject abilities individually. However, in order to more fully account for the variability in 

generation effect studies, my contextual theory considers higher-order interactions (i.e., 

interactions among more than 2 of the factors) to make predictions about memory performance. 

Thus, to develop this contextual theory I aim to use what we know from prior work about the 

lower-order interactions among these experimental factors, in order to make predictions about 

the higher-order interactions between the four experimental factors.  

 Before introducing the contextual theory, I will briefly revisit the primary “conclusions” 

from prior work on the lower-order interactions reviewed earlier. TAP suggests that an encoding 

task that induces processing that matches the processing required by the memory test will lead to 

increased memory performance. In contrast, MAP suggests that an encoding task that induces 

processing that is different from the processing invoked by the materials themselves will lead to 

increased memory performance. And finally, SAP suggests that encoding tasks that induce 

processing that matches the subjects’ abilities will lead to increased memory performance. These 

conclusions will serve as the foundation of the contextual theory of the generation effect. 
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 The contextual theory of the generation effect makes the prediction that the effects of 

these lower-order interactions (TAP, MAP, SAP) are additive, meaning that more “appropriate” 

processing will lead to better memory performance. Specifically, this theory predicts that an 

experimental context where TAP, MAP, and SAP are all “satisfied” (i.e., the encoding task 

induced processing that was appropriate given the memory test, materials, and subjects used), 

will lead to better memory performance compared to an experimental context where TAP, MAP, 

and SAP are all not “satisfied”. In addition, this theory suggests that when some (but not all or 

none) of these interactions are satisfied, memory performance should fall somewhere in between 

these two extreme experimental contexts. Less work has compared the relative importance of 

each interaction (TAP, MAP, SAP) on memory performance. Thus, although the predictions of 

this contextual theory are based on the assumption that the relative contributions of these three 

lower-order interactions are equal, an empirical test of this theory should provide insight into 

whether one type of interaction may be more influential to memory than another.  

In this project, I designed a study to test the predictions of the contextual theory of the 

generation effect described above. Specifically, I compare memory performance from two 

generation tasks that vary in the amount of constraint they provide (lower-constraint, higher-

constraint) across various different experimental contexts to examine the ability of the proposed 

contextual theory to predict memory performance given the type of generation task, memory test, 

materials, and subjects. In addition, I also examine the relative contributions of the three lower-

order interactions (TAP, MAP, SAP) to determine whether one type of interaction may be more 

influential to memory performance than another. 

E. Specific Aims and Hypotheses 
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Table I shows an orthogonal list of the eight possible experimental contexts that 

correspond to the interactions between the encoding task and the other three factors (memory 

test, materials, subjects). In this table, a check mark (ü) indicates a satisfied lower-order 

interaction, and an “x” (S) represents an unsatisfied lower-order interaction. This table 

represents a conceptual model for how this contextual theory takes into account higher-order 

interactions to predict memory performance (see Table I). To demonstrate how I will test this 

theory, I have taken the same structure of Table I, and layered on specific experimental details 

that correspond to the experimental manipulations I will use in this study. Specifically, Tables II 

and III show the predicted memory performance for a free recall test using a relational task 

(lower-constraint generation; Table II) and an item-specific task (higher-constraint generation; 

Table III), respectively. Similarly, Tables IV and V show the predicted memory performance 

for an item recognition memory test using a relational task (lower-constraint generation; Table 

IV) and an item-specific task (higher-constraint generation; Table V), respectively. Collecting 

data across two different types of encoding tasks reduces the likelihood that the results of this 

study are specific to one type of generation task (i.e., encoding processing). Indeed, one of the 

advantages of this contextual theory over existing generation effect theories is that it can account 

for differences between various generation tasks. Using both a lower-constraint generation task 

(relational processing), and a higher-constraint generation task (item-specific processing), I aim 

to test three hypotheses in this study: 

 

Hypothesis 1: The generation effect (generate versus read) will be larger in experimental 

contexts where all interactions (TAP, MAP, SAP) are simultaneously satisfied compared 

to experimental contexts where no interactions are satisfied. 
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Hypothesis 2: The effects of transfer-appropriate, material-appropriate, and subject-

appropriate processing are additive, such that as the number of “appropriate” processing 

types increase, the generation effect will increase (i.e., a positive relationship between the 

number of “appropriate” processing types satisfied and the size of the generation effect). 

 

Hypothesis 3: The relative influence of transfer-appropriate, material-appropriate, and 

subject-appropriate processing is equal. 

 

An alternative possibility to Hypothesis 3 is that one type of “appropriate” processing may be 

stronger than that of another type of “appropriate” processing, which is an idea that has not 

receive much consideration in the extant memory research. For example, it could be that the 

match in processing between encoding task and subject ability (SAP) is stronger than the match 

in processing between encoding task and memory test (TAP), potentially overpowering the 

effects of TAP in this scenario. Although the contextual theory predicts no differences in 

memory performance between “appropriate” processing types (TAP, MAP, or SAP), the 

prospect that one type of processing is more influential to memory performance than another is 

plausible, and therefore, testable. In the case that Hypothesis 3 is falsified, the results of this 

study would suggest that one type of “appropriate” processing may be more influential to 

memory performance than another, which would be an important advance in the field of learning 

and memory. Additionally, given that the predictions of the theory are based on whether or not 

the lower-order interactions are “satisfied”, examining support for these three lower-order 
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interaction across the different experimental contexts included in this study represents a concept 

check to make sure our experimental approach can truly assess the contextual theory. 
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II. METHOD 

A.  Subjects 

 Three hundred and sixty-four adults participated in this study. All subjects were recruited 

through the University of Illinois at Chicago introductory psychology course subject pool. 

Subjects gave written informed consent in accordance with the University of Illinois at Chicago 

Institutional Review Board and were compensated with course credit. Forty-two subjects were 

removed from the analyses2, leaving a total N of 322 subjects (Age: M = 18.96, SD = 1.80, 

range: 17 – 33; 216 female) included in the reported analyses. 

B.  Stimuli 

 A total of 180 highly associated cue-target word pairs were used as stimuli. First, a total 

of 144 target words were selected from twelve categories from the Van Overschelde et al. (2004) 

norms. After selecting twelve target words from each of the twelve categories, a unique cue word 

was selected using the University of South Florida Free Association Norms (Nelson et al., 2004). 

Cue words were selected so that both the cue and target were highly related (Forward 

Association Strength: M = .35, SD = .24), and were not related to other target members of the 

category. The list of word pairs was counterbalanced so that each word pair occurred exactly 

once in each encoding task (generate, scramble, read), and as a “related” distractor item for each 

of the three tasks during the recognition test (i.e., 6 counterbalanced word lists in total). An 

additional 46 cue-target word pairs were selected from the University of South Florida Free 

Association Norms (Nelson et al., 2004). Ten of these word pairs served as examples in the 

																																																													
2 The number of subjects removed (and percent of total sample) by removal criteria: 
30 (8.2%) – did not follow instructions in the encoding phase 
2 (0.5%) – did not complete the vocabulary/working memory phase 
4 (1.1%) – generated greater than 75% idiosyncratic responses in the “lower-constraint” generation task  
1 (0.3%) – 100% false alarm rate 
5 (1.4%) – did not complete study/programming error 
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instructions/practice phase, and 36 of these words served as “unrelated” distractor items for the 

recognition memory test. These word pairs were selected such that they did not belong to any of 

the twelve categories used in the word lists, and were not related to any of the other word pairs. 

These ten example items and 36 unrelated distractor items were not counterbalanced (i.e., each 

subject was given the same ten examples, and the same 36 “unrelated” distractor items on the 

recognition test). 

C.  Procedure 

 Subjects completed eight phases in total throughout the experiment: Instructions/Practice, 

Encoding, Math Filler, Free Recall, Recognition, Vocabulary Assessments, Working Memory 

Assessment, Demographics/Language History Questionnaire. All phases of the experiment were 

presented on a PC monitor using E-Prime presentation software (Version 2.0.10; Psychology 

Software Tools, 2012), on a black background with white text (18-point, Times New Roman 

font). After the completion of each phase, subjects were given a 15-second break where they 

were instructed to rest their eyes. After 15 seconds, the program advanced to the next phase of 

the experiment. The total amount of time to complete all phases of the experiment was 

approximately one hour.  

1. Instructions / Practice 

Subjects were first given instructions and one example on how to respond to the word 

pairs during each of the encoding tasks (generate, scramble, read). For all encoding tasks, 

subjects were instructed to type both the cue and target word to ensure subjects attended both 

words across all encoding tasks. In the lower-constraint “generate” task (i.e., relational 

processing task), subjects were shown a cue word and the first letter of the associated target word 

followed by a blank line (e.g., antler – d_____) and were instructed to type the cue word, 
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followed by the ENTER key to submit their response, and then type a word that was related to 

the cue word and began with the given letter (i.e., type the target word), followed by the ENTER 

key to submit their response. Responses during this phase were recorded by the computer 

program, and saved for use in the recognition memory test.3 In the higher-constraint “scramble” 

task (i.e., item-specific processing task), subjects were shown a cue word followed by a 

scrambled target word (e.g., hospital – nrues) and were instructed to type the cue word, followed 

by the ENTER key to submit their response, and then to type the unscrambled target word, 

followed by the ENTER key. If the subject was unable to determine the scrambled word, they 

were instructed to leave the response blank, and that trial was later removed from all analyses. 

The first letter of the scrambled target word was always in its correct position to reduce the 

number of skipped trials,4 as done previously (Foley & Foley, 2007; Foley et al., 1989; McCurdy 

et al., 2017, 2019). In the “read” task subjects were shown a cue and target word (e.g., dunk – 

basketball) and were instructed to type the cue word, followed by the ENTER key, and then to 

type the target word as shown on the screen, followed by the ENTER key. Once the subject 

typed both words for a given trial and pressed the ENTER key to submit their responses, the 

screen advanced and the subject was presented with a new word pair after a 500ms fixation. 

After the instructions, subjects were trained on a shortened version of the encoding phase with 

three practice trials for each task (nine practice trials in total). The practice word pairs were 

selected to be unrelated to each other (i.e., not related to any of the other practice items) and 

unrelated to the stimuli used in the experiment. Subjects were not instructed, trained on, or 

																																																													
3 This procedure importantly allowed us to use the subject-generated target responses from the encoding phase on 
the recognition test, even if the response did not match the normed, expected target word. 
	
4 Pilot testing in prior work showed that using a scramble task where all letters of the target word were scrambled 
(hospital – surne) led to significantly more “skipped” trials than a scramble task where the first letter was always in 
the correct place but the remaining letters scrambled (hospital – nrues). 
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otherwise made aware of the free recall or recognition phases before the encoding task (i.e., 

subjects were not told there would be a memory test for these words).  

2.  Encoding  

In the encoding phase, subjects saw a total of 72 word pairs across three encoding tasks: 

generate, scramble, and read (24 pairs in each task). Encoding trials were presented in six blocks 

of twelve trials each, and all trials within a block were of the same task (generate, scramble, or 

read). The order of the blocks was pseudorandom such that each task must have been presented 

exactly once before the second block of a task was presented. Before each block, an instruction 

prompt appeared for 3000ms indicating the next task (e.g., “Get ready to do the 

generate/scramble/read task.”). 

 The organization of the trials within each encoding block (i.e., word list structure) was 

manipulated to induce relatively greater relational or item-specific processing. Subjects were 

randomly assigned to encode words in either a related list structure or an unrelated list structure. 

In the related list structure, the order of the trials within a block was arranged so that target 

words from the same category were presented in consecutive order (e.g., six words from the 

ANIMALS category were presented together, before moving on to six words from the category 

SPORTS presented together, making up a single block of twelve items total). Figure 1 shows a 

schematic of a block of twelve trials for each encoding task in the related list structure. 

Alternatively, in the unrelated list structure, the order of trials within a block was arranged so 

that target words from different categories were presented consecutively (e.g., a word presented 

form the ANIMALS category, followed by a word from the SPORTS category, and so on for the 

rest of the twelve trials in the block). Figure 2 shows a schematic of a block of twelve trials for 

each encoding task in the unrelated list structure. Prior work has shown that related word list 
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structures induce greater relational processing whereas unrelated word list structures tend to 

induce greater item-specific processing (Einstein & Hunt, 1980; Hunt & Einstein, 1981), and this 

particular implementation has been used in prior work on the generation effect to manipulate 

relational versus item-specific processing between list structures (deWinstanley et al., 1996). 

 3.  Math Filler 

Following the encoding phase, subjects solved simple multiplication problems (e.g., 4 x 5 

= ??) for exactly one minute. Subjects were shown a multiplication problem, and were instructed 

to type the answer and press the ENTER to submit their response. The filler task was designed to 

reduce any potential primacy and recency effects, and was non-verbal to limit any potential 

interference of the word pairs learned in the encoding phase. These data were not analyzed in 

this study. 

4.  Free Recall 

In the free recall phase, subjects were given exactly five minutes to type as many target 

words from the experiment as they could remember. Subjects were instructed that once they had 

typed a single response (i.e., target word), to press the ENTER key to submit their response. 

After submitting their response, that response was added to a list displayed at the top of the 

screen. Thus, subjects were able to see the responses they had entered, but could not edit them, a 

procedure used previously (Huff & Bodner, 2014). The free recall test served as the relational 

memory test, as prior work has shown that free recall tests are primarily sensitive to relational 

information, especially of the relationships between target words in a list (Burns, 2006; Hunt & 

Einstein, 1981; McDaniel et al., 1988).   

 5. Recognition 
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In the recognition phase, subjects were shown all 72 target words from encoding (i.e., the 

words they generated, unscrambled, or read) and 108 “new” distractor words, one at a time, in a 

random order, for a total of 180 recognition trials. Of the 108 distractor words, 72 were “related” 

distractors, that came from the same twelve categories the target words came from. Thus, there 

were six “related” distractor words from each of the twelve categories of the target words at 

encoding. This importantly allows a unique false alarm rate to be calculated for each encoding 

task (generate, scramble, read), with 24 “old” target words (6 per category), and 24 “new” 

related distractors (six per category), corresponding to each of the three tasks. For example, if a 

subject encoded six target words from SPORTS category in the generate task, at recognition that 

subject would see the six target words from encoding, and six distractor words from the SPORTS 

category, and so on for the other three categories corresponding with that encoding task. The 

remaining 36 distractor items were “unrelated” distractors that were not related to any of the 

target words and “related” distractors, as described in the Stimuli section. For each recognition 

trial, an “old” target or “new” distractor word was presented on the screen, and subjects made a 

forced-choice judgment of whether the word was “old” (previously encoded) or “new” (a 

distractor item), using their index or middle finger, respectively, of their right hand. Each trial 

was separated by a 500ms fixation. The recognition test served as the item-specific memory test, 

as prior work has shown that recognition tests are primarily sensitive to item-specific 

information (Burns, 2006). 

 6.  Vocabulary Assessments  

Following the recognition test, subjects were given computerized versions of two 

vocabulary assessments (Raney; Shipley). A computerized version of the Raney Vocabulary 

Assessment (Appendix A) was presented first, followed by a computerized version of the 
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Shipley Vocabulary Test (Appendix B; Shipley, 1946). The maximum score on the Raney 

Vocabulary Assessment is 30, and the maximum score on the Shipley’s Vocabulary test is 40. To 

assess subject vocabulary ability, the combined total score of the two measures was calculated 

for each subject (maximum score of 70). This score for each subject ranging from 0-70 was used 

to sort subjects into the “low-ability” (lower tertile) and “high-ability” (upper tertile) groups for 

analysis. A cutoff score was calculated for the lower tertile (i.e., the bottom third), and for the 

upper tertile (i.e., the upper third) for each list structure group separately (this was to ensure a 

similar sample size of low and high ability subjects across the two types of materials). Subjects 

scoring in the lower tertile were classified into the “low vocabulary ability” group, whereas 

subjects scoring the upper tertile range were classified into the “high vocabulary ability” group. 

Subjects scoring in the middle tertile (i.e., the middle third) were not analyzed in this study. 

 7.  Working Memory Assessment 

For the working memory assessment, subjects were given an auditory, computerized 

version of a backward digit span assessment (Woods et al., 2011). Subjects were given noise-

canceling headphones and instructions for the task were presented on the screen before subjects 

began the assessment. Digitally recorded spoken digits (1-9) were obtained from MacWhinney et 

al. (2001). Spoken digits were delivered binaurally through the headphones at a pace of one digit 

per second. Using the procedure described in Woods et al. (2011), all subjects started with a span 

length of 3 digits and completed a total of exactly fourteen trials with the span length of each 

trial adjusted based on subject performance. Specifically, a single correct response increased the 

span length by one digit (e.g., from three digits to four digits), while two consecutive incorrect 

responses decreased the span length by one digit (e.g., from five digits to four digits). Subject’s 

working memory was evaluated using a mean span scoring procedure as described in Woods et 
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al. (2011). Mean working memory span was calculated as the expected list length where half of 

the trials would be successful (Killion et al., 2004): Mean span baseline was set at 0.5 digits less 

than the initial list length (i.e., 2.5 digits) and was incremented by the proportion of digit strings 

accurately reported at each succeeding list length. For example, adding the hit rate for each list 

length (e.g., 3 = 1.0, 4 = 1.0, 5 = 1.0, 6 = 1.0, 7 = 0.25, 8 = 0.33 and 9 = 0.0, sum = 4.58) to the 

baseline value of 2.5, would represent a mean span score of 7.08. This scoring procedure has 

been shown to provide more reliable and precise estimates of working memory, compared to 

traditional procedures and scoring methods (i.e., longest list length prior to two errors on a given 

length; Woods et al., 2011). 

 8. Demographics / Language History Questionnaire 

 In the final phase of the experiment, subjects were given computerized versions of a 

demographics (Appendix C) and language history (Appendix D) questionnaire. After 

completing the questionnaires, subjects were debriefed and left the laboratory. Responses to 

these questionnaires were used to evaluate potential performance differences based on age, 

gender, education history, and fluency of speaking, reading, and understanding the English 

language. Sample demographics are reported in Table VI. 



	 	 29 

	
	

III. RESULTS 

A. Results Overview 

 In this section, I present the results of this study in the following order: First, I describe 

how participants were grouped into high- and low-ability based on their English vocabulary 

assessment scores (see Vocabulary Measures). These results represent the “subject ability” 

factor of the contextual theory, and thus are a critical prerequisite for the proposed analyses. 

Second, I describe the procedure used to calculate a generation effect score under each of the 

four within-subject conditions (see Generation Effect Measures). These generation effect 

scores were the primary dependent variable of interest and were used in the proposed analyses to 

test the main hypotheses of this study. Third, I report the results of the proposed analyses that 

assess the main hypotheses of this study that test the predictions of the contextual theory (see 

Memory Performance). Fourth, because the predictions of the contextual theory rely on 

understanding the encoding processing induced by each factor (and how these processes 

interact), I present data on independent measures of item-specific/relational processing to more 

fully investigate the contextual theory (see Independent Indices of Item-Specific and 

Relational Processing). These analyses provide a more nuanced understanding of the memory 

performance data and highlight important implications for future research aimed at refining the 

contextual theory. 

B.  Vocabulary Measures 

In order to group subjects into high- and low-ability groups, the summed score of the two 

vocabulary assessments (Shipley Vocabulary + Raney Vocabulary) from each subject was used 

to calculate tertile cutoff scores (33.3%; 66.7%) within the related and unrelated list structure 

groups, separately. The lower and upper tertile cutoff scores were 37 and 42 (maximum possible 
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score of 70) for the related list structure subjects, and 37 and 43 for the unrelated list structure 

subjects. Subjects scoring within these bounds (i.e., scoring between 37 – 43; 37 – 42) were not 

analyzed in this study, leaving a total N of 228 subjects included (Age: M = 19.07, SD = 2.02, 

range = 17 – 33; 156 females). The subjects included were organized into one of four groups 

corresponding to the two between-subject conditions (related list structure/high English vocab, n 

= 61; related list structure/low English vocab, n = 55; unrelated list structure/high English vocab, 

n = 59; unrelated list structure/low English vocab, n = 53). The means and standard deviations of 

vocabulary scores within each of the materials and subject groups are shown in Table VII. For 

both the related and unrelated list structures, the high and low English vocabulary groups were 

significantly different in their English language vocabulary mean scores, t’s > 16.59, p’s < .001, 

as expected. 

C. Generation Effect Measures 

A total of four generation effect scores were calculated for each subject corresponding to 

the four within-subject conditions (1. lower-constraint task/free recall memory test; 2. higher-

constraint task/free recall memory test; 3. lower-constraint task/recognition memory test; 4. 

higher-constraint task/recognition memory test). For free recall, a generation effect score for 

each generation task (lower- and higher-constraint) was calculated as the proportion of generated 

items studied at encoding (24 per task) correctly recalled minus the proportion of read items 

studied at encoding (24) that were correctly recalled (i.e., [percent generate recalled – percent 

read recalled] = free recall generation effect score). For recognition, a generation effect score 

was calculated using false alarm-corrected memory performance. Each encoding task produced a 

hit rate (proportion of encoded items correctly identified as “old”), and a false alarm rate 

(proportion of “related” distractors incorrectly identified as “old”). For each of the three tasks, 



	 	 31 

	
	

false alarm-corrected memory performance was calculated as the hit rate minus the false alarm 

rate. Then, a generation effect score was calculated for each generation task by taking the false 

alarm-corrected memory for the generate task minus the false alarm-corrected memory for the 

read task (i.e., [Generate hits – Generate false alarms] – [Read hits – Read false alarms] = 

recognition generation effect score).5 

D. Memory Performance  

In this section, I report several analyses to test the three primary hypotheses of this 

project. First, to assess Hypothesis 1, I conducted four separate independent samples t-tests 

corresponding to the four generation effect measures represented in Tables II through V (lower-

constraint task/free recall memory test; higher-constraint task/free recall memory test; lower-

constraint task/recognition memory test; higher-constraint task/recognition memory test) to 

examine memory differences between the experimental context with the maximum number of 

lower-order interactions satisfied compared to the experimental context with the minimum 

number of lower-order interactions satisfied. To assess Hypothesis 2, I conducted four regression 

analyses using each of the four generation effect measures as the dependent variable, and 

including the number of lower-order interactions satisfied as the predictor variable, to investigate 

whether increasing the number of lower-order interactions satisfied predicted an increase in the 

size of the generation effect (i.e., a positive relationship). Lastly, to assess Hypothesis 3, I 

conducted a four-way (2 x 2 x 2 x 2) mixed analysis of variance (ANOVA) with generation task 

(lower-constraint; higher-constraint) and memory test (free recall; recognition) as within-subject 

factors, and materials (related list structure; unrelated list structure) and subject ability (high 

English vocab; low English vocab) as between-subject factors. This analysis was designed to 

																																																													
5 Raw response rates for the recognition memory test by encoding task and subject ability groups are reported in 
Table VIII. 
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assess the relative importance of each type of “appropriate” processing (TAP, MAP, SAP). 

Specifically, examining the interactions between the generation task variable and the memory 

test (TAP), materials (MAP), and subject ability (SAP), provides evidence about the relative 

influence of each interaction on the size of the generation effect. Further, this analysis represents 

a manipulation check to assess whether the design used is sufficient to fully assess the contextual 

theory (e.g., whether each of the lower order interactions were satisfied, respectively). The 

results of each of these analyses are reported below, separated by hypothesis. For each, I review 

the expected outcome before presenting the findings of the analysis.6  

1. Hypothesis 1: The generation effect will be larger in experimental contexts 

where all interactions (TAP, MAP, SAP) are simultaneously satisfied compared to no 

interactions satisfied. For Hypothesis 1, I expected to find a larger generation effect in 

experimental contexts where the maximum number of lower-order interactions were satisfied 

compared to experimental contexts where the minimum number of lower-order interactions were 

satisfied. I used one-tailed t-tests to specify this directional hypothesis (maximum lower-order 

interactions satisfied > minimum lower-order interactions satisfied). Starting first with the lower-

constraint task and free recall memory test data, the maximum number of interactions satisfied 

was three, while the minimum was one (see Table II). An independent samples t-test comparing 

memory performance under these two experimental contexts revealed memory performance was 

not greater for experimental contexts with three interactions satisfied (M = .160, SD = .142) 

																																																													
6 Prior work has shown that lower-constraint generation tasks are associated with a greater likelihood for subjects to 
generate a response that is different from the normed expected response (compared to higher-constraint tasks), 
leading to potential item-selection effects (McCurdy et al., 2020). One way to account for item-selection effects is to 
only examine memory performance on trials where participants generated the normed expected target word. In 
addition to the analyses I report below, I ran the same set of analyses excluding any trials where the subject 
generated a response that was different from the normed target. This set of analyses (not reported) resulted in 
identical significance as the effects reported below, thus item-selection effects did not seem to significantly 
influence these data. 
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compared to experimental contexts with one interaction satisfied (M = .127, SD = .151), t(112) = 

1.19, p (one-tailed) = .117, d = 0.22. For the higher-constraint task and free recall memory test 

data, the maximum number of interactions satisfied was two, and the minimum was zero (see 

Table III). This analysis indicated no differences between contexts with two interactions 

satisfied (M = .172, SD = .137) and zero interactions satisfied (M = .166, SD = .122), t(112) = 

0.23, p (one-tailed) = .409, d = 0.04. Moving on to the recognition data, for experimental 

contexts with the lower-constraint task, the maximum number of interactions satisfied was two, 

while the minimum was zero (see Table IV). An independent samples t-test revealed no 

differences between experimental contexts with two interactions satisfied (M = .273, SD = .233) 

compared to zero interactions satisfied (M = .271, SD = .237), t(112) = 0.05, p (one-tailed) = 

.479, d = 0.01. Finally, for the higher-constraint task and recognition memory test, the maximum 

number of interactions satisfied was three, and the minimum was one (see Table V). An 

independent samples t-test revealed no significant differences between experimental contexts 

with three interactions satisfied (M = .301, SD = .236) and contexts with one interaction satisfied 

(M = .238, SD = .257), t(112) = 1.38, p (one-tailed) = .086, d = 0.26. Overall, despite the 

memory effects being in the expected direction, we found no substantial evidence supporting 

Hypothesis 1 in our data.  

2. Hypothesis 2: The effects of TAP, MAP, and SAP are additive. For 

Hypothesis 2, I expected that as the number of lower-order interactions satisfied by the 

experimental context increased, the size of the generation effect would increase. In other words, I 

expected a positive relationship between the number of lower-order interactions satisfied and 

generation effect magnitude. To test this hypothesis, I conducted four linear regression analyses 

with the generation effect measure as the dependent variable and the number of lower-order 
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interactions satisfied as the predictor variable. First, for the lower-constraint task and free recall 

memory test data (Table II), the model did not account for a significant amount of variance, R2 = 

.01, F(1, 226) = 1.28, p = .263, indicating that the number of interactions satisfied (b = .016, SE 

= .014) did not significantly predict memory performance in these data. Second, for the higher-

constraint task and free recall memory test data (Table III), the model did not account for a 

significant amount of variance in memory performance, R2 = .00, F(1, 226) = 0.06, p = .810, 

again indicating that the number of lower-order interactions satisfied (b = .003, SE = .013) did 

not predict memory performance. Third, for the lower-constraint task and recognition memory 

test data (Table IV), the model revealed that the number of lower-order interactions satisfied (b 

= .000, SE = .024) did not predict a significant amount of variance, R2 = .00, F(1, 226) = 0.00, p 

= .981. Fourth, for the higher-constraint task and recognition memory test (Table V), the model 

again showed that the number of lower-order interactions satisfied (b = .031, SE = .022) did not 

predict memory performance, R2 = .01, F(1, 226) = 1.89, p = .171. Overall, these analyses 

provide no support for Hypothesis 2, suggesting that the effects of each lower-order interaction 

(TAP, MAP, SAP) are not necessarily additive.  

3. Hypothesis 3: The relative influence of TAP, MAP, and SAP on memory 

performance is equal. For Hypothesis 3, I predicted that the influence of each lower-order 

interaction on memory performance would be equal. To test this hypothesis, I conducted a 2 

(generation task) x 2 (memory test) x 2 (materials) x 2 (subject ability) mixed ANOVA to 

examine each lower-order interaction included in the contextual theory. This analysis provides 

two pieces of information. First, finding a significant four-way interaction (among all four 

factors included) would provide evidence that each of the factors included in the contextual 

theory is important to consider in predicting the magnitude of the generation effect. Second, 
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examining the interactions between the generation task and memory test, generation task and 

materials, and generation task and subject ability factors provides evidence about the relative 

influence of TAP, MAP, SAP, respectively, in determining the size of the generation effect. 

Importantly, this analysis also serves as a sort of “manipulation check” to ensure that the current 

study design was sufficient enough to test the contextual theory (by checking that all the lower-

order interactions were satisfied).  

 In line with central tenet of the contextual theory, the analysis revealed a significant four-

way interaction, F(1, 224) = 4.52, p = .035, hp
2 = .020, indicating that the size of the generation 

effect significantly differed based on the interactions between all four factors considered in the 

theory. Turning to the lower-order interactions of interest (TAP, MAP, SAP), the generation task 

by memory test (TAP) interaction was not significant, F(1, 224) = 0.97, p = .191, hp
2 = .014, 

indicating that the size of the generation effect for the lower-constraint task and the higher-

constraint task did not change based on the type of memory test given. In other words, both 

generation tasks led to similar generation effects regardless of the type of memory test (free 

recall or recognition), which is in contrast to the predictions of TAP. The interaction between 

generation task and materials (MAP) just missed significance, F(1, 224) = 3.65, p = .057, hp
2 = 

.016, indicating that the size of the generation effect from the lower- and higher-constraint 

generation tasks marginally differed between the related list structure and unrelated list structure. 

Following up this analysis showed that for the lower-constraint generation task, the generation 

effect was numerically larger for the related list structure (M = .241, SD = .226), compared to the 

unrelated list structure (M = .188, SD = .213), t(111) = 2.44, p = .071, d = 0.16. For the higher-

constraint task, however, the size of the generation effect was similar between the related (M = 

.234, SD = .208) and unrelated list structure (M = .216, SD = .202), t(115) = 0.87, p = .819, d = 
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0.06. These results are in contrast to the predictions of MAP. Lastly, the interaction between the 

generation task and subject ability (SAP) was significant, F(1, 224) = 9.40, p = .002, hp
2 = .040 

(see Figure 3). Follow-up analyses revealed that for the lower-constraint task, high English 

vocab subjects (M = .248, SD = .220) had a larger generation effect compared to low English 

vocab subjects (M = .178, SD = .217), t(224) = 3.27, p = .007, d = 0.22. However, for the higher-

constraint task there was no difference in the size of the generation effect between the high 

English vocab subjects (M = .232, SD = .202) the low English vocabulary subjects (M = .217, SD 

= .209), t(224) = 0.74, p = .458, d = 0.05. The only other significant finding from this analysis 

was a main effect for subject ability, F(1, 224) = 4.83, p = .029, hp
2 = .016, where high English 

vocabulary subjects (M = .242, SD = .153) generally had larger generation effects compared to 

low English vocabulary subjects (M = .199, SD = .145). Overall, this analysis does not support 

Hypothesis 3, and instead suggests that SAP had the strongest influence on the size of the 

generation effect in these data.7  

E. Indices of Item-Specific and Relational Processing 

 Given that the predictions of the contextual theory are based on the interactions between 

different types of encoding processes, it is important to investigate the relative amount and type 

of processing induced by the different manipulations of the experimental factors included in this 

study. Prior work has identified several ways to assess item-specific and relational processing, 

independent of memory performance using free recall data (Burns, 2006). For item-specific 

																																																													
7 I conducted a secondary analysis for Hypothesis 3 using the working memory measure (backward digit span) as 
the subject ability grouping factor (see Table VI). This analysis revealed a similar pattern of results, but with two 
changes. One, the generation task by materials (MAP) interaction was significant, F(1, 214) = 4.97, p = .027, hp

2 = 
.023, with the difference between related list structure and unrelated list structure coming out significant for the 
lower-constraint generation task, t(214) = 2.67, p = .048, d = 0.18 (no differences for the higher-constraint task). 
Two, the generation task by subject ability (SAP) was no longer significant, F(1, 214) = 0.92, p = .761, hp

2 = .000. It 
is interesting to note that a correlation analysis between English vocabulary scores and working memory revealed a 
significant, positive relationship, r = .11, p = .048. Thus, these analyses suggest that English vocabulary may play a 
significant role in influencing encoding processing and memory performance.  
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processing, I used the items per category (IPC) measure (Burns & Brown, 2000; Hunt & Seta, 

1984), which uses the free recall data to calculate the total number of items recalled out of the 

number of categories recalled (e.g., if 14 items are recalled in total, and these 14 items come 

from four of the possible twelve categories, IPC would equal 14/4 = 3.5). This measure has been 

shown to be a reliable estimate of item-specific processing with a higher IPC score indicating 

greater item-specific processing (Jacoby, 1973; McDaniel et al., 1988; Sowder, 1973). For 

relational processing, I used the adjusted ratio of clustering (ARC) measure (Gerjuoy & Spitz, 

1966; Roenker et al., 1971), which provides an index of relational processing while adjusting for 

differences in memory performance (Einstein & Hunt, 1980).8 Using the free recall data, the 

ARC measure calculates how likely subjects are to recall items from the same category in 

successive recall attempts (i.e., clustering). These measures (IPC and ARC) are designed for use 

on between-subject manipulations, but given that the generation tasks were manipulated within-

subjects in this study, I used the adapted versions of IPC and ARC developed by Klein and 

Kihlstrom (1986). Using this adaptation, a unique IPC score was calculated for each generation 

task (lower-constraint, higher-constraint) as the proportion of items recalled only out of the 

(four) categories encoded under each generation task. The adapted version of the ARC measure 

was used to produce a unique ARC score for each generation task by calculating the ratio of 

clustering by task (i.e., recalling items from the same task in consecutive recall attempts), 

accounting for chance clustering (see Klein & Kihlstrom, 1986). The IPC measure ranges from 

zero to six in this data (6 possible items to recall from each category), with a higher number 

																																																													
8 There is a similar adjustment for the items per category measure (AIPC; Burns & Brown, 2000) that corrects for 
differences in memory performance. This measure, however, led to a large number of missing data when adapted to 
be calculated for each generation task, due to using only a small subset of the data. Given that there were no overall 
differences in memory performance between the two tasks, I used the unadjusted items per category (IPC) measure 
as the measure of item-specific processing. Furthermore, an analysis using this adjusted measure (AIPC) resulted in 
a similar pattern of results. 
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indicating more item-specific processing. For the ARC measure, any score above zero (0) can be 

interpreted as relational processing that is greater than chance, with a higher score indicating 

more relational processing (maximum score of 1). 

In the analyses below, I first report two separate 2 x 2 x 2 mixed ANOVAs, one for the 

IPC scores (item-specific processing), and a second for the ARC scores (relational processing). 

Each analysis includes generation task type (lower-constraint, higher-constraint), materials 

(related list structure, unrelated list structure) and subject ability (high English vocab, low 

English vocab) as the independent variables. These analyses will provide estimates of observed 

item-specific and relational processing from the different experimental contexts tested in this 

study.9 Then, to examine the assumption that different memory tests are sensitive to differences 

in item-specific and relational processing, I conducted a correlational analysis between the IPC 

and ARC scores, and memory performance on the recall and recognition memory tests, 

respectively. This analysis will provide evidence about the sensitivity of the free recall test and 

recognition test to relational and item-specific processing in the data. 

To examine the extent that the different experimental contexts used in this study 

influenced the amount of item-specific processing engaged at encoding, I conducted a 2 x 2 x 2 

mixed ANOVA on the IPC scores. I predicted that the higher-constraint task, unrelated list 

structure materials, and high English vocab subjects would lead to greater item-specific 

processing compared to the lower-constraint task, related list structure materials, and low English 

vocab subjects, respectively. The analysis revealed a main effect for generation task, F(1, 203) = 

67.16, p < .001, hp
2 = .249, indicating that the higher-constraint task (M = 2.01, SD = 0.78) led to 

																																																													
9 The memory test factor was not included in these analyses because the different memory tests were not designed to 
induce a difference in relational versus item-specific processing at encoding, but rather to serve as different memory 
measures that are sensitive to each type of encoding processing. 
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significantly higher IPC scores compared to the lower-constraint task (M = 1.55, SD = 0.55), in 

line with my predictions. The main effect for materials was also significant, F(1, 203) = 7.39, p = 

.007, hp
2 = .035. The direction of this effect was in contrast to the predictions, however, where 

the related materials (M = 1.88, SD = 0.75) led to significantly higher IPC scores than the 

unrelated materials (M = 1.68, SD = 0.67). Finally, the main effect for subject-ability just missed 

significance, F(1, 203) = 3.57, p = .060, hp
2 = .017, with the high English vocab group (M = 

1.85, SD = 0.71) having marginally higher IPC scores compared to the low English vocab group 

(M = 1.70, SD = 0.71). None of the interactions were significant (F’s < 0.54, p’s > .465). Overall, 

this analysis revealed that the higher-constraint task, related list structure materials, and 

(numerically) high English vocab subjects led to higher estimates of item-specific processing at 

encoding. 

To examine differences in relational processing between the three factors, I conducted a 

second 2 x 2 x 2 ANOVA on the ARC scores. In this analysis, I predicted that the lower-

constraint generation task, related list structure materials, and high English vocab subjects would 

induce greater relational processing relative to the higher-constraint generation task, unrelated 

list structure materials, and high English vocab subjects, respectively. The analysis revealed no 

main effect for generation task type, F(1, 110) = 0.00, p = .971, hp
2 = .000, suggesting there were 

no differences in relational processing between the two generation tasks. Follow up analyses, 

however, importantly showed that ARC scores for the lower-constraint (M = .023, SD = .670), 

t(109) = 0.32, p = .745, and higher-constraint generation tasks (M = .019, SD = .856), t(109) = 

0.28, p = .782, were not significantly higher than chance clustering (0). The main effect for 

materials was significant, F(1, 110) = 20.90, p < .001, hp
2 = .160, such that the related list 

structure materials (M = .260, SD = .674) led to greater ARC scores than unrelated list structure 
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materials (M = -.218, SD = .847). Finally, the main effect for subject group was not significant, 

F(1, 110) = 0.00, p = .993, hp
2 = .000, indicating no differences in ARC scores between the high 

English vocab subjects (M = .020, SD = .709) and the low English vocab subjects (M = .021, SD 

= .879). Follow-up analyses showed that neither group had ARC scores greater than chance (0), 

t’s < .291, p’s > .772. Overall, the results of this analysis indicate that the related list structure 

materials induced greater relational processing relative to the unrelated list structure materials, 

however the generation task type and subject ability factors did not seem to significantly induce 

relational processing in these data. 

 Next, I conducted a correlation analysis to examine the relationship between the 

measures of item-specific (IPC) and relational processing (ARC) and memory performance on 

the free recall and recognition memory tests. Specifically, I correlated the IPC and ARC scores 

for both generation tasks with performance on both the free recall test (free recall hits) and the 

recognition test (hits minus false alarms). I predicted that the free recall test would be sensitive to 

relational processing, whereas the recognition test would be sensitive to differences in item-

specific processing. Starting first with item-specific processing, IPC scores were significantly, 

positively associated with recognition memory performance for both generation tasks (r’s > .228, 

p’s < .001), in line with my predictions. Interestingly, the relationship between IPC scores and 

free recall performance was also significant and positive for both tasks (r’s > .698, p’s < .001). 

This suggests that item-specific processing was associated with significant increases in both 

recognition and free recall performance. Turning to relational processing, I examined the 

relationship between ARC scores and free recall and recognition memory performance for both 

generation tasks. This analysis revealed that ARC scores (relational processing) were 

significantly associated with free recall memory performance for both tasks (r’s > .234, p’s < 
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.001). For the recognition memory test, there was a positive relationship between ARC scores 

and memory performance for the lower-constraint task (r = .226, p < .001), but this association 

was not significant for the higher-constraint task (r = .102, p = .130). Overall, this correlation 

analysis revealed that both types of memory tests (free recall, recognition) are generally sensitive 

to both types of processing (item-specific, relational). 

To summarize, these analyses provide critical evidence about the original assumptions 

about the experimental contexts tested in this study and the relative amount of item-specific and 

relational processing induced under these contexts. Starting first with the two generation tasks 

used, these findings suggest that both tasks led to minimal (not greater than chance) relational 

processing, whereas the higher-constraint task lead to greater item-specific processing compared 

to the lower-constraint task. For the materials, results suggest that the related list structure 

materials led to both greater relational and item-specific processing relative to the unrelated list 

structure materials. As for subject-ability, the analyses suggest that high English vocabulary 

subjects engaged in (marginally) greater item-specific processing, with no differences in 

relational processing. Additionally, the correlation analysis revealed that increases in 

performance on both types of memory tests are generally sensitive to both item-specific and 

relational processing at encoding. These findings have important implications for the 

interpretation of the data presented in the Memory Performance section, and can help make 

sense of these findings. I discuss this topic more in-depth in the discussion. Most notably is the 

implication of finding that some of the core assumptions were not met by the current 

experimental design. These assumptions are necessary in order to truly test the contextual theory. 
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IV. DISCUSSION 

	 The goal of this study was to develop and test a contextual theory that accounts for 

variations in the size of the generation effect by considering the interactions among four key 

experimental factors (generation task, memory test, materials, subject ability). The data reported 

in this study support the idea that each of the four factors play a role in determining the size of 

the generation effect. The predictions of the theory about how these factors interact were largely 

unsupported, however, indicating that there is still more research to be done toward 

understanding exactly how the interactions among these factors influence the size of the 

generation effect. Despite limited support for the hypotheses in this study, the data reported here 

provide a starting point for research going forward to better understand how these factors 

influence memory. The discussion will be broken down into three main sections. In the first 

section, I will interpret the data presented in this study and discuss the implications of these 

findings. The second section will focus on questions that still remain about the contextual theory, 

and I discuss ways that future research can address these questions. Finally, in the third section I 

focus on some broader implications of developing a contextual theory of the generation effect by 

considering how this type of theory can advance our understanding of the generation effect 

relative to currently existing theories. 	

A. Present Findings 

1. Hypothesis 1. The results of this study did not support Hypothesis 1, which 

predicted that the generation effect would be larger under experimental contexts where the 

maximum number of lower-order interactions were satisfied compared to contexts where the 

minimum number of these interactions were satisfied. Although the pattern of results showed 

that the generation effect was numerically higher in experimental contexts with more interactions 
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satisfied compared to contexts with fewer interactions satisfied, these differences were not 

statistically significant. Furthermore, the data showed that the experimental contexts with the 

largest generation effect and smallest generation effect were not the contexts where all of the 

interactions were satisfied and none of the interactions were satisfied, respectively. One likely 

explanation for this pattern of results is that one or more of the lower-order interactions were not 

necessarily “satisfied” by the experimental contexts as predicted based on assumptions from 

prior work. “Satisfaction” of a lower-order interaction in this study was determined a priori 

based on assumptions about the underlying encoding processes induced by a particular 

manipulation (e.g., a lower-constraint generation task induces greater relational processing, while 

a higher-constraint task induces greater item-specific processing). The analyses reported on the 

independent measures of item-specific (IPC) and relational processing (ARC), however, suggest 

that some of the a priori assumptions did not pan out for the manipulations used in this study. 

For instance, it was assumed that a lower-constraint generation tasks induces relational 

processing at encoding, based on evidence from prior work (McCurdy et al., 2019; McCurdy et 

al., 2020). Data from the measure of relational processing (ARC), however, indicated that the 

lower-constraint generation task did not induce relational processing greater than chance in this 

study, providing evidence against this assumption. The encoding processes induced by a given 

experimental manipulation are critical because the theory’s predictions are based on the 

interactions of these processes, not the specific manipulations used in the present study. Thus, 

the finding that some of the experimental manipulations used in this study did not result in the 

expected type of encoding processes could explain why the data did not support the predictions 

of Hypothesis 1.  
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Although evidence suggests that the lower-constraint generation task induced a different 

type of processing than expected, the observed processing from the higher-constraint generation 

task aligned more closely with its assumptions. As predicted based on prior work, the higher-

constraint generation task led to increased item-specific processing (as measured by IPC scores) 

relative to the lower-constraint generation task. Thus, despite the potential issues in evaluating 

the theory from the lower-constraint generation task, the experimental contexts using the higher-

constraint task (Tables III and V) could be considered more reliable in this data set. In the 

analyses testing Hypothesis 1, the set of experimental contexts reported in Table V showed a 

mean difference in the size of the generation effect of about 6.3% between the context with the 

maximum (3) and the context with the minimum (1) number of interactions satisfied, yielding 

the largest effect size (d = .23) out of all the analyses examining Hypothesis 1 (see Memory 

Performance). Despite this, the mean difference was still not statistically significant given the 

small effect size, which is not consistent with Hypothesis 1. Although the data did not fully 

support the predictions of this hypothesis, it is encouraging that the trends in the data were in the 

expected direction. Future work using experimental designs that meet these necessary underlying 

assumptions (e.g., a lower-constraint task that induces relational processing, etc.) might be 

necessary before we see support for Hypothesis 1.  

2. Hypothesis 2. The second hypothesis of this study that predicted a positive, linear 

relationship between the number of lower-order interactions satisfied and the size of the 

generation effect (i.e., more interactions satisfied = larger generation effect) was also not 

supported in this study. Although some of the data showed a weak trend in the expected 

direction, very little variance in the size of the generation effect across experimental contexts 

was accounted for by the number of interactions satisfied. Similar to Hypothesis 1, the most 
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likely explanation for this is that the expected processing from the different manipulations used 

in this study did not always align with the observed processing (see Indices of Item-Specific 

and Relational Processing). The finding that the lower-constraint task did not induce relational 

processing is especially problematic for the evaluation of this hypothesis because each lower-

order interaction involved the processing between the generation task and the other three factors 

included in the theory. Thus, this particular failed assumption influenced not just one interaction, 

but all three lower-order interactions. In addition to the generation task factor, manipulations of 

the other factors (e.g., memory test, materials) designed to induce specific types of processing 

were also not supported by the data. In order to truly test Hypothesis 2 (and other predictions of 

the contextual theory), it is critical that the manipulations used influence processing in the 

expected way in order to satisfy (or dissatisfy) the different lower-order interactions. The data 

show this was not the case with the current study design, suggesting future work may be 

necessary to design experimental contexts where all three lower-order interactions are satisfied in 

order to truly test this theory.   

Given the implications of the observed processing not matching the expected processing 

of some of the manipulations in this study, an important question to consider is why some of 

these assumptions did not come out. Regarding the lower-constraint generation task, several 

studies have shown that generation tasks with fewer constraints lead to enhanced relational 

processing relative to higher-constraint tasks (McCurdy et al., 2017, 2019; McCurdy et al., 

2020), yet in this study there was no evidence supporting that the lower-constraint generation 

task induced relational processing (based on the ARC score measure of relational processing). 

One reason this particular assumption may not have been met in this study is due to differences 

in types of relational processing. In the literature, the term relational processing has been used 
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broadly to refer to the processing of the relationship between the target word and several 

different types of details, such as a cue word (i.e., cue-target relational processing; Hirshman & 

Bjork, 1988), other target words presented in the same list of stimuli (i.e., target-target relational 

processing; McDaniel et al., 1990; McDaniel et al., 1988), and even extraneous details (e.g., font 

color, background color) associated with the target item (i.e., context-target relational 

processing; Greenwald & Johnson, 1989; Marsh, 2006). Prior research on lower-constraint 

generation tasks, has primarily examined relational processing of the cue-target relationship, 

concluding that lower-constraint generation enhances the association between the cue and target 

word (McCurdy et al., 2017, 2019; McCurdy et al., 2020). In the present study, however, the 

cue-target relationship (semantic relationship) was different from the target-target relationship 

among different target items in the list (categorical relationship). It is possible that the lower-

constraint task induced greater cue-target relational processing (as it has been shown to do in 

prior work), leading subjects to encode the semantic association between the cue and target more 

deeply at the expense of processing the categorical relationship among the target items. Prior 

work has suggested that subjects will use whatever information is most salient to help them 

generate, leading to differences in encoding processing and ultimately resulting in different 

patterns of memory performance (deWinstanley & Bjork, 1997; deWinstanley et al., 1996; 

McDaniel et al., 1990; McDaniel et al., 1988). Importantly, in the present study the semantic 

relationship between cue and target was incompatible with the categorical relationship among the 

items, potentially explaining why the lower-constraint generation task did not appear to induce 

relational processing based on the ARC score measure (a measure of categorical relational 

processing; Burns, 2006). Future work should consider using a memory test that is sensitive to 

cue-target relational processing (such as a cued recall test) may represent a better way to assess 
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the contextual theory using this particularly lower-constraint generation task. Alternatively, a 

different lower-constraint generation task may be used that is designed to induce processing of 

the target-target relationship (a prospect I discuss later in the discussion). 

Another point worth considering in attempting to understand why Hypothesis 2 was not 

supported, is the fact that the memory tests were manipulated within-subjects in the current 

design. It is possible that having the free recall test before the recognition test could have 

influenced processing measured in the recognition task. Specifically, it could be that accessing 

information in the free recall test induced additional relational processing for items that were 

recalled, then in the later recognition test, this additional relational processing may have 

influenced performance. This speculation is at least partially supported by the analyses of 

observed processing (IPC and ARC scores), which showed that increased relational processing 

(as measured by ARC scores) was associated with higher performance on the recognition 

memory test, in contrast to the expectation that recognition memory tests are primarily sensitive 

to item-specific processing. The idea that the free recall test may have influenced processing by 

acting as a second encoding attempt may also explain why we found no evidence of transfer-

appropriate processing in the current data. Future work should consider using a single, 

independent memory test (or a between-subject design) to reduce this possibility and to provide a 

more stringent test of Hypothesis 2. 

3. Hypothesis 3. Another goal of this study was to investigate the relative influence 

of the three lower-order interactions that make up the contextual theory (TAP, MAP, SAP) on 

the size of the generation effect. Hypothesis 3 predicted that each lower-order interaction would 

be relatively equal in explaining variations in the generation effect, however, the data showed 

that SAP, followed by MAP, accounted for the most variation, while TAP was found to have no 
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significant influence on the size of the generation effect. Results showed that the subject ability 

factor played the largest role for the lower-constraint generation task (see Figure 3). 

Specifically, high English vocabulary subjects benefited from the lower-constraint generation 

task significantly more than the low English vocabulary group, whereas both groups had a 

similar generation effect for the higher-constraint generation task. This finding is in line with 

other research showing that subject ability can influence the effectiveness of encoding strategies 

(McDaniel et al., 2002; Mulligan et al., 2018). Akin to the results reported in the present study, 

McDaniel et al. (2002) found that high-ability subjects (as measured by reading ability) showed 

larger generation effects compared to low-ability subjects when using a generation task that 

induced relational processing, whereas both subject ability groups showed similar memory 

performance from a generation task that induced item-specific processing. The authors proposed 

that low-ability subjects may be less effective at noticing and using relational information at 

encoding (selective deficit hypothesis). Thus, for a generation task that induces greater relational 

processing, the extra demands placed on encoding relational information may be less beneficial 

for low-ability subjects compared to high-ability subjects. As an example, for high-ability 

subjects who are assumed to be able to efficiently engage in relational processing, a generation 

task that induces more effortful processing of that information likely leads to a deeper encoding 

of relational details, and in turn a richer memory representation that can enhance later retrieval. 

For low-ability subjects, however, to the extent that processing relational information is 

inherently effortful due to their inability or inefficiency to engage in relational information, a 

generation task that places extra demands on this type of processing will hinder, rather than 

enhance the storage of relational information (McDaniel et al., 2002). This idea may be relevant 

to lower-constraint generation task used in the present study, which is thought to rely more 
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heavily on relational information to generate an item. The low English vocabulary subjects may 

have benefited less from the lower-constraint task because they were less familiar with the 

relationship between the cue and target words, compared to the high English vocabulary subjects 

who showed robust memory benefits from the lower-constraint task. This explanation is in line 

with the subject-appropriate processing claim that a generation task will be beneficial to the 

extent that it induces processing that the subject is able to successfully engage in.  

Another possible explanation for differences in the effectiveness of encoding strategies 

between low- and high-ability subjects is that low-ability subjects are less likely to 

spontaneously engage in processing induced by a given encoding task (Mulligan et al., 2018; 

Schindler et al., 2019; Wenzel & Reinhard, 2019). The important distinction between this 

explanation and the specific deficit hypothesis (proposed above) is that low-ability subjects are 

able to engage in a specific type of processing, but they are less likely to spontaneously engage 

in the processing on their own. When given an encoding task that guides them to engage in a 

certain type processing, however, low-ability subjects typically benefit to the same level of high-

ability subjects (Mulligan et al., 2018; Schindler et al., 2019). This idea could also potentially 

explain why high-ability subjects performed better than low-ability subjects on the lower-

constraint task, but there were no differences between the groups on the higher-constraint task in 

the current study. By design, the lower-constraint generation task supplies less information about 

the target word, which may require more self-initiated processing in order to effectively generate 

a response. This is in contrast to the higher-constraint task where there is more guidance about 

what should be generated, and thus less self-initiated processing is necessary to generate a 

response.  
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Overall, the finding of differences in the effectiveness of generation tasks based on 

subject abilities is important for the application of the generation effect in educational settings. 

One of the goals of this study is to provide a framework that can predict when the generation 

effect is most effective, given the conditions under which it is being used. The finding that SAP 

was the most influential interaction aligns with the growing amount of recent research indicating 

the importance of considering the abilities of the learner to determine the type of strategy that 

will be most beneficial to learning (Lin et al., 2018; Marsh & Butler, 2013; McDaniel & 

Einstein, 2005; McDaniel et al., 2002; Mulligan et al., 2018; Schindler et al., 2019; Wenzel & 

Reinhard, 2019). A final note worth mentioning in regard to the importance of the subject ability 

factor in determining the size of the generation effect is how “ability” is defined. In this study, I 

used English vocabulary as the ability factor, but researchers have measured subject abilities in a 

variety of ways including reading ability (McDaniel et al., 2002), cognitive functioning 

(Mulligan et al., 2018), and intelligence (Wenzel & Reinhard, 2019). Interestingly, in the present 

study when subjects were grouped by working memory capacity (instead of English vocabulary) 

the effect of SAP was no longer evident (see Footnote 6). This suggests that the type of ability 

measure used may be an important consideration in determining the influence of SAP in 

predicting the generation effect. The finding of differences in the size of the generation effect 

when using an English vocabulary test as the subject-ability measure (but not with working 

memory) is in line with the principles of SAP, that subject’s ability should be directly tied to the 

processing induced by the generation task, as opposed to a general ability measure. It may be that 

working memory is not critical for the processing required by generation tasks, but vocabulary is. 

This idea converges with theoretical work proposing that semantic activation is a core memory 

mechanism underlying the generation effect (McCurdy et al., In press). Research has shown the 
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generation effect only improves memory when the generation task activates sematic information, 

and does not improve memory for meaningless information (i.e., non-words; Gardiner & 

Hampton, 1985; Johns & Swanson, 1988; McElroy & Slamecka, 1982). Thus, if generating 

requires access to semantic information to be beneficial, then it makes sense that subjects with 

higher vocabulary ability would benefit to a greater extent as we saw in this study, due to their 

potentially larger semantic stores compared to subjects with lower vocabulary ability. 

Beyond SAP, our data showed no evidence of a TAP effect and some evidence in 

contrast to the principle of MAP (matched processing between encoding task and materials 

improved memory to a greater extent than mismatched processing). Given that these principles 

have been so widely-supported in prior work, it is unlikely that these principles do not influence 

memory performance, but rather it is more likely that these principles did not apply in the current 

study design. Regarding the contextual theory, it is critical to develop an experimental design 

where the lower-order interactions are more strongly satisfied (or dissatisfied) to truly test the 

predictions of the theory. Thus, despite finding little support for the contextual theory in this 

study, it is still possible that the contextual theory can effectively explain variation in the 

generation effect. In the next section, I describe some potential avenues of future research that 

can more fully test the predictions of this theory going forward. 

B. Future Directions and Research Questions 

One of the limitations of this study was that there were several underlying assumptions 

that were not met (e.g., no evidence of transfer-appropriate processing, lower-constraint task did 

not induce sufficient relational processing, etc.). In order to truly test the contextual theory, these 

core assumptions need to be met first. Thus, one important direction for future research is to 

more rigorously test the predictions of the contextual theory by using manipulations that more 
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tightly control the type of processing induced for each factor (especially encoding task, 

materials). For instance, in this study the lower-constraint generation task could be altered so that 

a category label serves as the cue word (e.g., animal-d__; animal-c__), instead of a unique 

semantic associate (as used in the current study), providing a stronger induction of relational 

processing of the categorical relationship among items (target-target relational processing). This 

small methodological change should yield a stronger “match” in processing between both the 

materials and free recall memory test, two assumptions that were not met in the present design. 

Designing studies with stronger “matches” and “mismatches” between the four experimental 

factors will enhance tests of the contextual theory going forward.  

Relatedly, understanding the type and amount of encoding processing induced by the 

specific manipulations used in a given study is critical in order to test (and to use) the predictions 

of the theory. Thus, advancing some of the independent measures of underlying memory 

processes will be an important area of future research. Several measures exist for the distinction 

between item-specific and relational processing, which are nicely summarized and contrasted in 

(Burns, 2006). However, there are still limitations in the use of these existing measures. For one, 

many of the relational processing measures are tailored for categorical processing among 

different items in a list, therefore these measures are not useful for measuring other types of 

relational processing (e.g., semantic relations between the cue and target). Additionally, many of 

these measures are designed for use in between-subject manipulations, and need to be adapted 

for within-subject manipulations. The use of these measures becomes complicated in mixed 

designs, however, as in the present study, reducing the accuracy and usefulness of these 

measures. Research aimed at continuing to develop these measures of encoding processes will 

further the capability of future studies to more accurately test the predictions of the theory. 
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Finally, a primary goal of developing this contextual theory was to advance knowledge 

about the “higher-order” interactions between the four key factors included in the theory. The 

data in this study revealed a four-way interaction between all four factors, indicating that 

memory performance was indeed influenced by the interaction among these factors. This finding 

suggests that future work should go beyond examining lower-order interactions if we want to 

truly begin to understand the complexities of human memory. Limited research has shown 

evidence of a three-way interaction between encoding task, materials, and subject abilities 

(McDaniel et al., 2002), however studies like these (investigating the interactions among more 

than two key experimental factors) are rare in the literature. It is possible (and perhaps likely) 

that the fundamental memory concepts we currently use to guide our understanding of memory 

(TAP, MAP, SAP), change (i.e., are stronger, weaker, or no longer apply) across a variety of 

experimental contexts. Future work aimed at understanding how these concepts adapt across 

different contexts would be an important step forward in beginning to advance our understanding 

of the complexities of human memory. 

C. Toward a Better Account of the Generation Effect 

 Decades of research on the generation effect has produced several theories that explain 

why the generation effect occurs while other theories attempt to explain specific boundary 

conditions of the generation effect (for a review, see McCurdy et al., In press). The most 

prominent theory on the generation effect (the multi-factor theory) suggests that the memory 

benefits from self-generating can be explained by enhanced item-specific and relational 

processing at encoding relative to reading (Hirshman & Bjork, 1988; McDaniel et al., 1990; 

McDaniel et al., 1988). Recent discoveries on the generation effect, however, reveal that this 

explanation of the generation effect cannot fully account for the complexities in the generation 
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effect data. For example, some generation tasks may induce more or less item-specific and 

relational processing, respectively, yet there is no facet of the multi-factor theory to account for 

differences among generation tasks. The contextual theory developed in this study advances on 

the existing multi-factor theory by accounting for the extent a generation task induces item-

specific and relational processing, respectively. This allows for more specificity in predicting the 

size of the generation effect, whereas the multi-factor theory simply predicts whether a 

generation effect will occur or not. 

Another limitation of the multi-factor theory is that it only takes into account the 

processing induced by the generation task to explain the generation effect (see Jacoby, 1983; 

Mulligan, 2004; 2011, for a TAP account considering two factors; encoding task and memory 

test). As we have shown in this study, a host of contextual factors interact with the processing 

induced by the generation task to determine memory performance. Thus, a generation effect 

theory that aims to predict the size of the generation effect across contexts should be able to 

account for these interactions. The contextual theory introduced in this study considers four 

factors to explain variations in the generation effect. In line with other theoretical work that 

suggests considering multiple factors simultaneously often provides a more complete account 

than considering these factors in isolation (Healey & Kahana, 2016), the contextual theory of the 

generation effect aims to provide a more nuanced explanation of the generation effect. 
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V. CONCLUSION 

 Decades of research has shown that the generation effect is a robust memory effect, 

however, the magnitude of this effect varies widely across experimental contexts (McCurdy et 

al., In press). The contextual theory introduced in this study provides a framework to understand 

and predict variations in the generation effect. The findings from this study show that the 

generation effect is indeed largely influenced by experimental context, including the type of 

generation task, memory test, materials, and subject abilities. Although the present study offers a 

clear indication that each of these factors is uniquely important to consider, there is still more 

knowledge to be discovered about how these factors interact to influence memory. Future work 

should continue to investigate the interactions among these four key experimental factors and 

how these interactions influence memory performance. Lastly, my goal is for this project to serve 

as a paradigm for future research to examine the interactions among these factors, paving the 

way for taking the next step in advancing our understanding of the generation effect and other 

memory effects.  
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APPENDIX A 
 

Raney Vocabulary Assessment 
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APPENDIX A (continued) 
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APPENDIX B 
 

Shipley Vocabulary Assessment 



	 	 66 

	
	

APPENDIX C 
 

Demographics Questionnaire 
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APPENDIX D 
 

Language History Questionnaire 

Language History Questionnaire 
 

Subject # ________         (Version 12-12-2001) 
 

Sex _________ Age _________ What country were you born in? _______________________ 
 
Years living in U.S. _________  Years in U.S. Schools _________ 
 
(1) What is the FIRST language you spoke? If your parents spoke two languages to you, list BOTH languages. 
 
 
 
(2) List from MOST fluent to LEAST fluent all of the languages that you know (write on the back of this page 
if you need more space). Note that the language you learned first is not necessarily the language you now know 
best. Specify the age at which you began to learn the language (if it is your native language you should specify 
age as “birth”) and where you learned it (e.g., school, home, church). 
 
  Language   Age learned  Location learned    
 
Most fluent ___________________ __________  _____________________________ 
 
  ___________________ __________  _____________________________ 
 
  ___________________ __________  _____________________________ 
 
Least fluent ___________________ __________  _____________________________ 
 
(3) Answer the following questions. Complete only those questions that apply to you. 
At what age did you begin speaking English? __________ 
At what age did you begin reading English? __________ 
At what age did you begin speaking your most fluent language OTHER THAN English? __________ 
At what age did you begin reading your most fluent language OTHER THAN English? __________ 
 
(4) Complete the following ratings. If you think you are more proficient in either English or your OTHER 
language, your ratings should reflect this difference. Answer only those questions that apply to you. 
 
       NOT fluent     VERY fluent 
For ENGLISH: 
How fluent are you in speaking?          1     2     3     4     5     6     7     8     9     10 
How fluent are you in understanding?        1     2     3     4     5     6     7     8     9     10 
How fluent are you in reading?          1     2     3     4     5     6     7     8     9     10 
 
For your most fluent language OTHER THAN English: 
How fluent are you in speaking?          1     2     3     4     5     6     7     8     9     10 
How fluent are you in understanding?        1     2     3     4     5     6     7     8     9     10 
How fluent are you in reading?          1     2     3     4     5     6     7     8     9     10 
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TABLE I 
Predicted Memory Performance as a Function of the Number of Lower-Order Interactions 

Satisfied 
	

 

Note. This table shows an orthogonal list of the eight possible experimental contexts that 
correspond to the interactions between the generation task and the other three factors (memory 
test, materials, subject abilities). In this table, a check mark indicates a satisfied lower-order 
interaction, and an “x” represents an unsatisfied lower-order interaction. According to the 
proposed Contextual Theory of the Generation Effect, memory performance should increase, as 
the number of lower-order interactions satisfied increases. Under the assumption that the relative 
amount of match (or mismatch) across the lower-order interactions is equal, this theory predicts 
no differences in the relative memory performance between rows of the same number (2a, 2b, 2c; 
1a, 1b, 1c). 

 

	 	 	 Lower Order Interactions  
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        2  

a S P P 

b P S P 

c P P S 

 
 

        1 

a S S P 

b S P S 

c P S S 

Lower 0  S S S 
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TABLE II 
Predicted and Observed Memory Performance by Number of Interactions Satisfied for  

Lower-Constraint (Relational) Generation Task and Free Recall (Relational) Memory Test 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Note. MGenEffect = mean difference between generation task and read control task, averaged across n subjects. SD = Standard deviation 
across n subjects. n = number of subjects contributing to this row. “Observed memory performance” represents the proportion of 
correctly recalled items out of all items encoded.

	
 

 Lower-Order Interactions Observed Memory 
Performance 

	
Number of 
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Satisfied 

Generation task 
match 

Memory Test 
(TAP) 

Generation task 
mismatch 
Materials 

(MAP) 

Generation task 
match 

Subject Abilities 
(SAP) 

MGenEffect 
(SD) n 

Higher 3  P 
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       2 b P 
Free Recall 

S 
Related List 

P 
High Eng. Vocab 

.196 
(.168) 61 

       2 c P 
Free Recall 

P 
Unrelated List 

S 
Low Eng. Vocab 

.097 
(.137) 53 

Lower        1 c P 
Free Recall 

S 
Related List 

S 
Low Eng. Vocab 

.127 
(.151) 55 
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TABLE III 
Predicted and Observed Memory Performance by Number of Lower-Order Interactions Satisfied for  
Higher-Constraint (Item-Specific) Generation Task and Free Recall (Relational) Memory Test 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Note. MGenEffect = mean difference between generation task and read control task, averaged across n subjects. SD = Standard deviation 
across n subjects. n = number of subjects contributing to this row. “Observed memory performance” represents the proportion of 
correctly recalled items out of all items encoded.

	
 

 Lower-Order Interactions Observed Memory 
Performance 

	
Number of 
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Generation task 
match 
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Materials 
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Generation task 
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Unrelated List 
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High Eng. Vocab 

.162 
(.152) 59 

      1 b S 
Free Recall 

P 
Related List 

S 
Low Eng. Vocab 

.154 
(.155) 55 

Lower       0  S 
Free Recall 

S 
Unrelated List 

S 
Low Eng. Vocab 

.166 
(.122) 53 
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TABLE IV 
Predicted and Observed Memory Performance by Number of Lower-Order Interactions Satisfied for  
Lower-Constraint (Relational) Generation Task and Recognition (Item-Specific) Memory Test 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Note. MGenEffect = mean difference between generation task and read control task, averaged across n subjects. SD = Standard deviation 
across n subjects. n = number of subjects contributing to this row. “Observed memory performance” represents the proportion of 
correctly recognized “old” items (hits), minus the proportion of “lure” items incorrectly identified as “old” (false alarms). 

	
 

 Lower-Order Interactions Observed 
Memory Performance 

	
Number of 

Interactions 
Satisfied 

Generation task 
match 

Memory Test 
(TAP) 

Generation task 
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Materials 

(MAP) 
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Subject Abilities 
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Lower       0  S 
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Related List 

S 
Low Eng. Vocab 

.271 
(.237) 55 
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TABLE V 
Predicted and Observed Memory Performance by Number of Lower-Order Interactions Satisfied for 

Higher-Constraint (Item-Specific) Generation Task and Recognition (Item-Specific) Memory Test	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Note. MGenEffect = mean difference between generation task and read control task, averaged across n subjects. SD = Standard deviation 
across n subjects. n = number of subjects contributing to this row. “Observed memory performance” represents the proportion of 
correctly recognized “old” items (hits), minus the proportion of “new” distractor items incorrectly identified as “old” (false alarms).  
 

	
 

 Lower-Order Interactions Observed Memory 
Performance 

	
Number of 

Interactions 
Satisfied 

Generation task 
match 
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(TAP) 
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(MAP) 
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TABLE VI 
Sample Demographics by Materials (Related List Structure, Unrelated List Structure) and Subject Ability (High Eng. Vocab, Low 

Eng. Vocab)  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Related List Structure  Unrelated List Structure 
 High Eng. 

Vocab 
Low Eng. 
Vocab  High Eng. 

Vocab 
Low Eng. 
Vocab 

n 61 55  59 53 

Females 40 33  40 43 

% Native English 
Speaker 70.5% 53.7%  66.1% 47.2% 

% Bilingual 24.6% 34.5%  28.8% 26.4% 
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TABLE VII 
Means and Standard Deviations of Sample Characteristics  

by Materials (Related List Structure, Unrelated List Structure) and Subject Ability (High Eng. Vocab, Low Eng. Vocab)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
Note. Cells within a row with matching superscript letters are significantly different (p < .001). Vocab Total = Shipley Vocab + Raney 
Vocab. Working memory = mean span length on a backward digit span task (Killion et al., 2004; Woods et al., 2011). Differences in 
working memory between groups were not significant (p > .05).

 Related List Structure  Unrelated List Structure 
 High Eng. 

Vocab 
Low Eng. 
Vocab  High Eng. 

Vocab 
Low Eng. 
Vocab 

n 61 55  59 53 

Age 19.08 (1.92) 18.93 (1.97)  19.39 (2.25) 18.85 (1.89) 

Shipley Vocab  
(MAX = 40) 29.00 (2.37)a,b 21.27 (4.44)a,d  28.66 (2.53)c,d 22.64 (2.18)b,c 

Raney Vocab  
(MAX = 30) 17.57 (2.66)f,g 9.49 (2.20)f,i  18.68 (3.25)h,i 10.64 (2.60)g,h 

Vocab Total  
(MAX = 70) 46.57 (3.67)j,k 30.76 (5.64)j,m  47.34 (4.75)l,m 33.28 (3.55)k,l 

Working Memory  
(MAX = 9) 6.13 (1.20) 5.56 (1.34)  6.09 (1.19) 5.71 (1.16) 
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TABLE VIII 
Means and Standard Deviations of Recognition Memory Test Response Rates of Studied and Lure Items by Encoding Task Condition 

and Subject Ability Group 
 

 

 
 
Note. Means are collapsed across Materials factor (related list structure, unrelated list structure). 
 

High English Ability 
Studied Items 	 Lure Items 

Task Old (Hit) New (Miss)  Task Old (False Alarm) New (Correct Reject) 
Generate .833 (.373) .167 (.373)  Generate .144 (.367) .856 (.352) 
Scramble .834 (.372) .166 (.372)  Scramble .165 (.371) .835 (.371) 
Read .473 (.499) .527 (.499)  Read .102 (.303) .898 (.303) 
    New (unrelated lures) .098 (.297) .902 (.297) 
       
       

Low English Ability 

Studied Items  Lure Items 

Task Old (Hit) New (Miss)  Task Old (False Alarm) New (Correct Reject) 
Generate .795 (.404) .205 (.404)  Generate .177 (.382) .823 (.382) 
Scramble .843 (.364) .157 (.364)  Scramble .196 (.397) .804 (.397) 
Read .520 (.500) .480 (.500)  Read .147 (.354) .853 (.354) 
    New (unrelated lures) .139 (.346) .861 (.346) 
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Figure 1. Trial schematic for the related list structure. 
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Figure 2. Trial schematic for unrelated list structure. 
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Figure 3. Generation effect magnitude by type of generation task and subject ability. Graph 

shows the significant interaction between task type and subject ability, highlighting the influence 

of subject appropriate processing (SAP) in the data. The difference between High English Vocab 

and Low English Vocab is significant for the lower-constraint generation task (p < .05). 

“Generation Effect Magnitude” is the percent memory improvement above the read control task, 

collapsed across free recall and recognition memory data. Error bars represent standard error of 

the mean. 
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