
  

The Influence of Testing on Memory for  Context 

 

 

 

 

 

 

 

 

 

 

A Thesis 

Presented to 

The Academic Faculty 

 

 

 

By 

 

 

 

Mary Frances Bernhardt 

 

 

 

 

In Partial Fulfillment 

of the Requirements for the Degree 

Master of Science in Psychology 

School of Psychology 

 

 

 

 

 

 

Georgia Institute of Technology 

 

December 2021 

 

 

 

 

 

 

Copyright © Mary Frances Bernhardt 2021 



 

 

The Influence of Testing on Memory for Context 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Approved by: 

 

 

Dr. Mark Edward Wheeler, Advisor 

School of Psychology 

Georgia Institute of Technology 

 

Dr. Audrey Duarte 

School of Psychology 

University of Texas at Austin 

 

Dr. Thackery Brown 

School of Psychology 

Georgia Institute of Technology 

 

 

October 28, 2021



 

 iii  

ACKNOWLEDGEMENTS  

 

 

 

Thanks are in order for my committee chair and advisor Dr. Mark Wheeler, committee 

member Dr. Audrey Duarte, and committee member Dr. Thackery Brown. Their 

knowledge and expertise has been an invaluable resource throughout this project. 

Another thanks is due to undergraduate research assistants Rachit Kumar, and Cooper 

Eloy Pierre Pellaton for their technological savvy. They spared me much computer- 

based frustration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 iv 

TABLE  OF CONTENTS 

 

 

 

ACKNOWLEDGEMENTS..............................................................................................  iii  

 

LIST OF FIGURES..........................................................................................................  vi 

 

SUMMARY.....................................................................................................................  vii  

 

INTRODUCTION.............................................................................................................  1 

 

LITERATURE REVIEW..................................................................................................  3 

  

Testing and its Elaborative Power.........................................................................  3 

 

Traditional Testing Compared to Testing in the Current Study............................  7 

 

Testing and Contextual Information....................................................................  10 

 

Hypotheses...........................................................................................................  14 

 

METHODOLOGY..........................................................................................................  15 

 

 Participants...........................................................................................................  15 

  

 Materials..............................................................................................................  15 

 

 Design and Procedure..........................................................................................  17 

 

 Data Analysis.......................................................................................................  21 

 

RESULTS........................................................................................................................  26 

 

DISCUSSION & CONCLUSION...................................................................................  32 

 

APPENDIX A: INFORMED CONSENT.......................................................................  38 

 

APPENDIX B: EPWORTH SLEEPINESS SCALE.......................................................  42 

 

APPENDIX C: PITTSBURGH SLEEP QUALITY  INDEX..........................................  43 

 

APPENDIX D: WAIS-IV VISUAL PUZZLES..............................................................  46 

 

APPENDIX E: WAIS-IV DIGIT SPAN.........................................................................  61 

 



 

 v 

APPENDIX F: WAIS-IV SIMILARITIES.....................................................................  62 

 

APPENDIX G: MINDFUL ATTENTION AWARENESS SCALE...............................  63 

 

APPENDIX H: SURVEY................................................................................................  65 

 

APPENDIX I: CODING SCHEME FOR SURVEY RESULTS....................................  71 

 

APPENDIX J: DESCRIPTIVE STATISTICS................................................................  73 

 

APPENDIX K: ANOVAS...............................................................................................  83 

 

REFERENCES................................................................................................................  87 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 vi 

LIST  OF FIGURES 

 

 

 

Figure 1 Flow charts illustrating the memory search demands of traditional 

recognition and recall of paired associates tasks vs. the study 

tasks............................................................................................................  9 

 

Figure 2 The picture stimuli...................................................................................  16 

 

Figure 3 Experimental design of the study. Participants were randomly  

assigned to one of the two study conditions............................................  18 

 

Figure 4 Correlation of the variables context score and picture percent................  23 

 

Figure 5 Mean study percent scores for the two conditions...................................  27 

 

Figure 6 Mean context scores for the two conditions............................................  28 

Figure 7 Correlation between context score and study percent with the  

line of best fit...........................................................................................  28 

 

Figure 8 Correlation between context score and confidence score with the  

line of best fit...........................................................................................  29 

 

Figure 9 Mean context scores by response on the task effort survey question......  31 

Figure 10 Mean context scores by response on the task focus survey question......  31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 vii  

SUMMARY  

 

 

 

Employing different types of testing is a useful tool for studying changes in item 

memory, but this tool has sparsely been leveraged to study changes in memory for 

contextual information. Memory for contextual information is a crucial component of the 

study of episodic memory and source memory. There is evidence that contextual 

information is reinstated during a retrieval attempt alongside the information being 

retrieved. Considering that item memory is best when testing is challenging, it was 

predicted that more rigorous testing will  improve memory for context the most and that a 

difficult  test will  support oneôs ability to remember more specific contextual details better 

than a less demanding test. In order to test these predictions, the current study measured 

memory for context after different levels of difficulty  of item memory retrieval attempts 

were made. The results demonstrated a lack of a significant relationship between testing 

difficulty  and ability to remember contextual information as well as a negative 

relationship between testing difficulty  and context memory performance. Therefore, the 

main hypotheses were rejected. Despite this, the results confirmed that participants were 

able to self-assess learning and performance. The failure of this study to yield significant 

results may be due to the flawed task design, high individual variability in contextual 

learning ability, overshadowing, and/or shallow elaboration during encoding. Future 

directions involve implementing a study that still addresses the relationship between 

testing difficulty  and memory for context while controlling for individual differences and 

potential design flaws in the original study. 
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INTRODUCTION  

 

Elaborative rehearsal is a well-established tool for facilitating memory for to-be-

remembered information (Craik & Lockhart, 1972; Morris et al., 1977). One of the most 

powerful tools for encouraging deep, elaborative rehearsal is testing (Roediger & 

Karpicke, 2006). Testing that requires generation of information is often the superior 

form of testing for supporting long-term memory because self-generation encourages 

more effortful thought than recognition (Slamecka &  Graf, 1978). More challenging 

forms of testing yield different levels of memory for items (Kornell & Vaughn, 2016; 

Karpicke & Bauernschmidt, 2011) due to the varying degrees of elaboration that they 

require. Memory for contextual information is a crucial component of episodic memory 

(Chalfonte & Johnson, 1996) as contextual information is key to determining the source 

of any given information and can help support other details surrounding that event 

(Johnson & Raye, 1981; Smith & Vela, 2001). Testing causes contextual reinstatement 

and the amount of context reinstated may be modulated by the type of testing being 

issued (Karpike et al., 2014; Smith & Vela, 2001).  

With past research in mind, is likely that different levels of testing difficulty  will  

yield different levels of memory for context. It is hypothesized that difficult  testing will  

improve memory for contextual information the most and that the diffi cult test will  better 

support the ability to remember more specific contextual details over the less demanding 

test. In the current study, two levels of contextual richness were examined in an attempt 

to parse out whether different levels of testing difficulty encourage more contextually 

rich memory. In order to test this prediction, the current study directly tested memory for 



 

 2 

context after different types of item memory retrieval attempts were made. The method of 

examining these hypotheses, the resulting data, and potential reasons for the results are 

discussed. 
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LITERATURE  REVIEW  

 

Testing and its Elaborative Power 

Rehearsing information is a well-established method for learning. There are two 

ways in which rehearsal of information can occur: elaborative rehearsal and maintenance 

rehearsal (Craik & Lockhart, 1972). Maintenance rehearsal is a shallow form of 

processing that will  typically only yield short term memory for the rehearsed information. 

Elaborative rehearsal encourages deep encoding of information by devoting more mental 

processing to that piece of information. Early memory research credits the effectiveness 

of remembering information to the amount of mental elaboration that occurs for that 

information (Craik & Lockhart, 1972; Morris et al., 1977). According to W. Scott Terry 

(2018) ñelaboration refers to expanding a newly formed memory traceò (p.215). 

Elaboration often involves adding related (or even unrelated, see the method of loci; e.g. 

Roediger, 1980) features to the mental representation of an event in order to better 

remember it. These features provide context to support the memory structure and will  be 

particularly strong if  they are self-generated (Bertsch et al., 2007 for review; Slamecka & 

Graf, 1978). Elaboration, though clearly superior to maintenance, still has varying levels 

of effectiveness in facilitating long-term memory. 

Elaboration is most effective when it requires more thought and consideration, as 

well established by the body of work on levels of processing (e.g. Craik & Lockhart, 

1972; Craik & Tulving, 1975; Morris et al., 1977). Three hypotheses have been used to 

explain what elaboration encompasses: elaboration, distinctiveness, and effort (Horton & 

Mills, 1984). Elaboration refers to expanding a memory trace by adding associations (as 
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discussed above). Distinctiveness argues that anything that óstands outô will  be more 

elaboratively processed due to its unusual nature (e.g. PHLEGM is more likely to be 

remembered than PRIMATE because of the atypical spelling of PHLEGM, even though 

they are matched in frequency of use; Hunt & Elliot, 1980). Effort refers to the level of 

processing required by a task and is typically examined by reaction time on dual tasks 

because a more effortful task requires more cognitive load and therefore will  generally 

cause a slower reaction to a secondary task (Eysenck & Eysenck, 1979). For image 

stimuli, effort is measured by the amount of eye movements made by the participant 

(Bloom & Mudd, 1991). The elaborateness of a memory trace and how descriptive and 

compatible the encoding context of the memory is with the test seem to be strong 

predictors of memorability (Craik & Tulving, 1975). Elaboratively rehearsing 

information, especially with the use of tools that require deep thought, leads to greater 

memory for that information. 

Deep, elaborative study is important in order to better remember content (Craik & 

Lockhart, 1972; Morris et al., 1977). One of the most powerful methods of learning is 

retrieval practice, or testing (Karpicke et al., 2014; Kornell & Vaughn, 2016; Roediger & 

Karpicke, 2006) because it requires deep elaboration upon the learned content (Carpenter, 

2009). Testing oneself on previously learned information over simply re-studying allows 

a learner to better retain that information and is called óthe testing effectô (Roediger & 

Karpicke, 2006). The testing effect is so powerful that it is effective even when 

individuals do not actively record their responses to test questions and simply think about 

them (Smith et al., 2013). When compared with other forms of study that have previously 

been considered superior (e.g. concept mapping; Karpicke & Blunt, 2011), the testing 
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effect triumphs. This indicates that the benefits of the retrieval practice that occur during 

testing likely do not stem from semantic elaboration alone. Further research has 

substantiated this claim by demonstrating that retrieval practice effects occur in studies 

that use nonverbal materials (Carpenter & Kelly, 2012; Verkoeijen et al., 2004), which 

eliminates the possibility for purely semantically based encoding. However, semantic 

association may play a large role in the testing effect, where the retrieval attempt itself 

seems to activate the semantic information related to the given cue (Carpenter, 2009; 

Carpenter, 2011). The testing effect is a powerful tool for learning, but the nuances of 

why it surpasses other elaborative methods of learning are still being explored.  

When students attempt retrieval by generating answers prior to being tested, they 

consistently perform better at the final memory test (Lipko-Speed et al., 2014). Once 

material is studied through generation, it is more readily remembered than if  simply read 

(Slamecka & Graf, 1978) and it becomes deeply embedded within the context in which 

the information was learned (Bertsch et al., 2007). Relatedly, practicing retrieval of an 

item (e.g., ñbreadò) with weak cues (e.g., ñbasketò) leads to greater memory than practice 

with strong cues (e.g., ñtoastò; Carpenter, 2009). This may be the case because mentally 

connecting an item with a weakly associated cue requires more elaboration than 

connecting it with a strong cue. Retrieval practice leads to better learning when the 

retrieval is challenging (Kornell & Vaughn, 2016; Karpicke & Bauernschmidt, 2011). A 

more challenging retrieval attempt requires the learner to expend more effort to retrieve 

the requested information, thus encouraging further elaboration than a simple or obvious 

retrieval attempt. Any retrieval attempt remains a superior tactic for learning regardless 
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of testing outcome, but is even more powerful when deep elaboration is encouraged by 

increased difficulty.  

Unsuccessful retrieval improves memory just as much as successful retrieval 

(Izawa, 1970; Arnold & McDermott, 2013) which supports that idea that elaborative 

effort improves memory regardless of outcome. Furthermore, attempted retrieval is better 

than no retrieval even if  the learnerôs response is incorrect, and testing does not impair 

learning if  the student is wrong (Kornell, 2014). All  this knowledge about the testing 

effect supports the long-established memory tropes of Craik and Lockhart (1972), which 

converge on the idea that the more mental effort someone exerts upon a particular bit of 

information, the more likely they will  be able to recall it.  

The procedures that are traditionally used to study testing and memory in 

psychological studies take several unique forms: recall of paired associates, free recall, 

and recognition. If  one learned word pairs where the cue was first and the target second 

(e.g., ñRestaurant-McDonaldsò; ñFruit-Bananaò; ñSport- Baseballò), with recall of paired 

associates testing one would receive a cue (e.g., ñRestaurant-ñ) and then supply the target 

(e.g. ñMcDonaldsò). Free recall testing would consist of listing all remembered targets 

(e.g., ñMcDonaldsò, ñBananaò, ñBaseballò), while recognition would simply require an 

answer of ñyesò or ñnoò to whether the target was previously studied (e.g., ñWas 

McDonalds a target?ò). Some forms of testing, like free recall, require more self-initiated 

activity on the part of the learner than others because they lack environmental support 

(Craik, 1983), which is present in recall of paired associates and recognition. In these 

examples, the environmental support is the cue for recall of paired associates and the 
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target in recognition. Notice that in free recall tasks environmental support is not 

provided to the participant. 

The elaborative effort required by recall and generation of responses contributes 

to the success of those methods in supporting memory for that information. It is well-

established that testing and generation facilitate memory for item information (e.g. 

Roediger & Karpicke, 2006; Slamecka & Graf, 1978), but the level of elaboration that is 

encouraged by these manipulations may support memory for contextual information as 

well. 

 

Traditional  Testing Compared to Testing in the Current  Study 

Due to the nature of this study design, the study tasks participants were asked to 

perform are not exactly aligned with the traditional study tasks that are commonly used in 

memory research. The next few paragraphs go into greater detail comparing traditional 

memory tasks with those that were implemented in this study. 

A recognition task traditionally asks participants to indicate whether they 

remember previously studying a given target. This requires that the participant perform a 

memory search to see if  they recognize the given target from encoding. This memory 

search can yield either vague familiarity or explicit recollection. According to recognition 

dual-process models (Mandler, 1980; Yonelinas, 2002), recollection contains contextual 

information, whereas familiarity does not. Participants are able to respond correctly to a 

recognition task if  they achieve either recollection or familiarity during their memory 

search. The current study employed a pseudo-recognition task that required an initial 

recognition decision as described above (though with the cue being given instead of the 
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target), but also asked for another level of recollection specificity in which participants 

indicated which category of word (in this case food or animal) they remembered it being 

in if  recognized. This requires a more specific level of memory beyond familiarity that 

allows for correct categorization. Even if  participants are unable to remember the specific 

translation of the given word, they still have the potential to correctly categorize it using 

unconscious memory (Jacoby & Kelley, 1992; Jacoby et al., 1993) which does not rely 

on recollection. Therefore, the pseudo-recognition task that participants performed in this 

study should be considered a more rigorous memory task than that of a traditional 

recognition task and will  be called the ócategorization taskô moving forward. 

A recall of paired associates task typically asks participants to supply a target 

after viewing a previously associated cue. When performing this task, participants must 

perform a memory search for the cue and attempt to generate the target item that was 

originally associated with that cue during encoding. The recall of paired associates task 

participants performed in this study takes the same form, with the only exception being 

that the cue was in a foreign language whereas in a standard recall of paired associates 

task the cue would typically be in oneôs native language. 

One of the main differences between the recall of paired associates task and the 

categorization task is that the former requires the participant to generate a target whereas 

the categorization task does not. The generation effect (Slamecka & Graf, 1978) supports 

the idea that when participants must self-generate a response, memory for that 

information is improved over the information that participants were only asked to read or 

recognize. Furthermore, in order to succeed at the recall of paired associates task, 

participants would need to explicitly remember the target, whereas participants assigned 
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the categorization task may be able to succeed using unconscious memory (Jacoby & 

Kelley, 1992; Jacoby et al., 1993) which does not require explicit memory for the target 

item. A flow chart of the memory search demands for the different memory tasks can be 

seen in Figure 1. 

 

Figure 1: Flow charts illustrating the memory search demands of traditional recognition 

and recall of paired associates tasks vs. the study tasks. Note: The categorization task 

requirements of this study are greater than those of a traditional recognition task, but the 

recall of paired associates task makes similar demands to the traditional format. 

 

 

With the differing cognitive demands of the two task types in mind, it is clear that 

the memory search demands of the recall of paired associates task are greater than those 

of the categorization task. However, it is important to note that recall of paired associates 
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is not always the more difficult  task. Occasionally recognition failure will  occur even 

when participants are able to recall a target for the same cue as explained by the encoding 

specificity principle (Tulving & Thomson, 1973). This illustrates that testing-based study 

outcomes are not as straightforward as differences in memory search demands during 

response generation. However, testing does not impair learning if  the student is wrong 

(Kornell, 2014) which alleviates concerns about the encoding specificity principle 

affecting final learning outcomes between the two test manipulations of the current study. 

 

Testing and Contextual Information  

Many past attempts to study context have done so by associating elaborative 

information (e.g. font color) with items at study (e.g. Whiffen & Karpicke, 2017; Smith 

et al., 2013; Carpenter & Kelly, 2012, etc.). Often, the success of retrieval is measured by 

how well people can remember an item (item memory) or how well they are able to 

remember the context in which that item was studied (context memory). Items are a 

certain piece of concrete information (e.g., a word or a sequence of numbers) whereas 

context can be a variety of types of sensory information in both the internal (e.g., 

thoughts and mood) and the external (e.g., sights, sounds, time of day, etc.) environment. 

Perceptual systems seem to automatically, or unconsciously, encode contextual 

information when exposed to new stimuli to help support future retrieval (Tulving & 

Craik, 2000). Context information allows memories of events to be rich and multi-

faceted. When recalling a certain moment, like perhaps the first time you met your 

significant other, memory for context is what allows you to recall the details like where 

you were, the time of day, the music that was playing, and even the way you felt in that 
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moment. The study of context memory is an attempt to understand how to best retain the 

details of life. 

One of the ways memory scientists study the role of contextual information in 

episodic memory is the study of source memory. óSourceô refers to features or 

characteristics that comprise an episodic memory. Source and context are very closely 

related terms as they both refer to information that is tied to a given memory, though 

source memory is more inclusive because it encapsulates the entire event whereas context 

can refer to any individual aspect of that source event (Tulving & Craik, 2000). Source 

monitoring is the process of attempting to identify the origin in which a piece of 

information was learned (Johnson et al., 1993). This can include attempting to determine 

if  an event occurred or if  it was simply dreamed, imagined, or otherwise falsely encoded 

as a true occurrence (Johnson & Raye, 1981). Memories can be implanted by suggestion 

or other supporting information to the point where participants swear they vividly  

remember an event that never occurred, even including newly generated information that 

was never part of the implanted story (Loftus & Pickrell, 1995). Source memory has been 

shown to be deeply fallible but can sometimes be determined as true or false by 

examining the contextual information attributed to that memory. 

Memory for contextual information that is associated with an episode is a crucial 

component of source monitoring (Chalfonte & Johnson, 1996). Manipulations of context, 

or incidental environmental factors, have been shown to affect memory for item 

information (Smith, 1994) by providing unique source memory associations. Contextual 

information associated with a memory has been hypothesized to assist categorization of 

that source as externally or internally derived, with externally derived memories having 
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richer sensory components and a firmer set and setting association (Johnson & Raye, 

1981). The act of retrieving contextual information itself can benefit the retrieval of 

associated episodic information as well (Smith & Vela, 2001). Contextual information is 

a key component in determining the source of any given information and can help 

support other details surrounding that event.  

Retrieval reliably improves memory for item information and context affects 

memory for items, so it seems that there is a relationship between contextual information 

and retrieval attempts. There are several established theories involving the relationship 

between retrieval and contextual information. The episodic context account (Karpicke et 

al., 2014) claims that memories are represented with both item information and context 

information. According to this account, every time information is retrieved, the context 

associated with that memory is updated or reinstated, so each retrieval attempt updates 

the contextual representation of that memory (Lehman et al., 2014) and the retrieval 

attempt itself drives that change (Jang & Huber, 2008). Whiffen and Karpicke (2017) 

published a study supporting the episodic context account which showed that simply 

thinking about the episodic context of a prior event (in this case, which list a word was 

in) enhances subsequent memory for the event (or word in this example). Manipulating 

the method of study after encoding can influence memory for the item, but it remains 

unclear how the contextual representation itself might change during these retrieval 

attempts.  

Similar to the episodic context account, the reinstatement hypothesis asserts that 

the mental reinstatement of contextual information supports memory for the item that was 

originally learned in that context. This hypothesis also argues that the type of test used to 
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reinstate information can modulate the level of contextual information that is relied upon 

to retrieve that information (Smith & Vela, 2001). A test that provides a cue to the 

participant (like recall of paired associates or recognition) increases the likelihood of 

reinstatement of the source memory (Bjork & Richardson-Klavehn, 1988) over a test that 

does not provide any environmental support (like free recall). This may indicate that 

providing environmental support helps trigger the reinstatement of contextual 

information which can facilitate successful retrieval. 

 Testing triggers contextual reinstatement, meaning that when we retrieve during 

testing, context associated with the tested item is being updated in oneôs mind to include 

that instance of study (Karpike et al., 2014; Smith & Vela, 2001). This helps explain why 

studying in many different environments can improve learning (Godden & Baddeley, 

1975). However, there are several different types of retrieval that are used for testing, 

with varying levels of cognitive demand and eventual memory performance. With such 

variation on retrieval demands, it is unclear if  these different levels of retrieval difficulty  

affect the contextual information that is reinstated during the retrieval attempt. For 

example, does writing a paragraph about oneôs knowledge surrounding a subject 

associate different amounts of contextual information compared to simply choosing a 

correct answer from a list of possible facts on the same subject? If  one of these is shown 

to be a more effective form of study, then perhaps the contextual reinstatement prompted 

by this task allows for more elaboration on that contextual information.  

Employing different types of testing is clearly a useful tool for studying memory, 

but this tool has sparsely been leveraged to study how it affects memory for contextual 

information or source memory. Akan, Stanley, and Benjamin (2018) directly measured 
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spatially- based context memory after testing and confirmed that context memory is 

improved by testing, but only cued recall was used to test the participants. So, the 

question of how different types of testing (like free recall or recognition) that require 

different levels of effortful elaboration influence ability to remember contextual 

information is still in need of further examination.  

 

Hypotheses 

More challenging forms of testing yield different levels of memory for items 

(Kornell & Vaughn, 2016; Karpicke & Bauernschmidt, 2011) due to the varying degrees 

of elaboration that they require. Testing causes contextual reinstatement and the amount 

of context reinstated may be modulated by the type of testing being issued (Karpike et al., 

2014; Smith & Vela, 2001). Therefore, it is likely that different levels of testing difficulty  

will  yield different levels of memory for context as well. It is predicted that difficult  

testing will  improve memory for contextual information the most. Furthermore, the 

difficult  test will  support the ability to remember more specific contextual details better 

than the less demanding test. In the current study, two different levels of contextual 

richness (broad categorizing and specific matching) were examined in an attempt to parse 

out whether different levels of testing difficulty  encourage more contextually rich 

memory. In order to test this prediction, the current study directly tested memory for 

context after different types of item memory retrieval attempts (pseudo-recognition 

categorization and recall of paired associates) were made.  
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METHODOLOGY  

 

Participants 

 Sixty participants (ages 18-30) were recruited for this study from the Georgia 

Institute of Technology student body through the SONA campus recruiting system and 

fliers posted on campus. All  participants were fluent English speakers with normal or 

corrected to normal vision. Participants were randomly assigned to one of the two 

between- subjects conditions, with 30 participants per condition. Participants were 

rewarded for their time with two class research credits or $10 per hour of participation. 

All  participants signed a consent form that had been approved by the Georgia Institute of 

Technology Institutional Review Board (Appendix A). 

 

Materials 

 Six high-quality color photographs of scenes (Figure 2) were presented on a grey 

background (e.g., Figure 3). Three of the photos were outdoor scenes (stock photos from 

an internet search), while three were indoor scenes from the Main CB Database (Sareen 

et al., 2015). Dutch and English words were presented in large white bold Arial font on a 

grey background below the photographs. The words were 60 Dutch- English word pairs 

of common vocabulary words, half of which were foods (e.g.: CHERRY) and half of 

which were animals (e.g.: FOX). All  of the pictures and word pairs were presented using 

PsychoPy software (Peirce et al., 2019).  
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Figure 2: The picture stimuli. 

 

 

Participants were administered a series of cognitive measures that addressed 

quality of sleep (Epworth Sleepiness Scale, Johns, 1991, Appendix B; Pittsburgh Sleep 

Quality Index, Buysse et al., 1989, Appendix C), visuospatial acuity (Visual Puzzles, 

Wechsler Adult Intelligence Scale-Fourth Edition, [WAIS-IV],  Wechsler, 2008, 

Appendix D) working memory ability (Digit Span, WAIS-IV, Wechsler, 2008, Appendix 

E), language conceptualization and verbal reasoning (Similarities, WAIS-IV, Wechsler, 

2008, Appendix F), and everyday mindfulness (Mindful Attention Awareness Scale, 

Brown & Ryan, 2003, Appendix G). Participants also completed a researcher- created 

survey consisting of various questions of interest (family, travel, work, how they 

generally spend their time, how they approached the study task, etc.; Appendix H) that 

was administered through Qualtrics (Qualtrics, 2020). 
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Design and Procedure  

 The study had four parts: encoding, study-test, critical-test, and cognitive 

measures. The entirety of the study took place in a small, quiet, white lab room with a 

mac computer and keyboard. The encoding and critical-test phases were identical for all 

participants, while the study-test phase included one of the two between- subjects 

conditions (categorization and recall of paired associates). All  60 Dutch- English word 

pairs were viewed twice by each participant, once during the encoding portion of the 

study, and once again during the study-test phase. The method in which the pairs were 

presented in the study-test phase varied by between- subjects condition, but not the length 

of exposure time or content. Figure 3 provides a visual guide for the experimental design 

of this study.  
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Figure 3: Experimental design of the study. Participants were randomly assigned to one 

of the two study conditions. 
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Encoding  

 

The encoding phase began with the researcher explaining the task and asking 

participants for any outstanding questions. Participants were told that it was important to 

draw a meaningful connection between the Dutch vocabulary word and the associated 

image on the screen. Each picture stimulus was associated with ten Dutch- English word 

pairs. After each Dutch- English word pair was presented beneath their respective photo 

for ten seconds, participants had four seconds to rate how successfully they were able to 

elaboratively associate the image with the word pair on a 3-point scale with the options 

being ó1 (Not at all),ô ó2 (Moderately),ô and ó3 (Successfully).ô There was a half-second 

fixation (+) between each item. The 60 items were broken into three blocks, with each 

block containing 10 food words and 10 animal words. Participants had the opportunity to 

take a short break between each block if  desired before pressing the space bar to advance 

to the next block. Once the encoding portion was completed, participants alerted the 

researcher in order to receive instructions for the study-test phase. 

Study-test 

The two possible randomly assigned conditions of the study-test phase were recall of 

paired associates, and categorization. Before beginning the study-test phase, the 

researcher emphasized the importance of guessing on every item, even if  the participant 

had no idea what the correct answer was.  

The recall of paired associates condition consisted of each Dutch vocabulary word 

being presented on the screen with a blank space beside it in which the participant was 

asked to type the English translation and press óenterô when done. If  the participant typed 

the incorrect translation, the correct translation would appear on the screen alongside the 
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Dutch word for five seconds after they pressed óenterô. If  they typed the correct response, 

they would view the word pair for five seconds after they pressed óenterô, then move on 

to the next trial. There was a half-second fixation (+) between each trial. The study 

paradigm was designed so that any capitalization discrepancies were ignored (i.e. 

Blueberry, blueberry or BLUEBERRY are all considered correct). Incorrectly spelled 

words were counted incorrect by the program, but spelling was manually reviewed during 

data processing. Due to the simple nature of the words, misspellings were uncommon. 

The categorization condition presented each Dutch word on the screen individually 

and gave participants five seconds to indicate with a button press whether they thought it 

was a food word, animal word, or a new item. The response options were to press ó1ô for 

food, ó9ô for animal, or ó5ô for not previously studied. No unstudied items were presented. 

Once the five seconds were up, the Dutch word and its English translation were presented 

on the screen for five seconds regardless of correctness. There was a half-second fixation 

(+) between each trial. 

Once the study-test portion was completed, participants alerted the researcher in order 

to receive instructions for the critical-test phase. 

Critical-test 

During the critical-test phase of this study, participants were asked to make two 

decisions about each Dutch vocabulary word. The first decision (the ñdualò decision) 

consisted of indicating whether they remember the presented Dutch vocabulary word 

originally appearing alongside an indoor or outdoor scene by pressing ó1ô to indicate 

indoor and ó0ô to indicate outdoor. The next screen presented the second decision (called 

the ópictureô decision) in the form of all three of either the indoor or outdoor scenes in a 
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randomized order. Each picture was clearly labelled 1, 2, or 3 in large white font with a 

black outline. Whether the indoor or outdoor images were presented was dictated by 

which type of scene the Dutch vocabulary word was originally studied alongside, 

meaning the correct response was always available to the participant regardless of their 

correctness during the dual decision. Neither the dual nor the picture decisions had any 

time constraints, so participants could respond to each item at whatever pace was most 

comfortable. There was a half-second fixation (+) between each trial. All  60 learned 

Dutch words were tested in this final phase.  

Cognitive Measures 

After completing the critical-test portion of the study, the participants were 

directed to complete a survey hosted online by Qualtrics (2020) consisting of the items 

from the Epworth Sleepiness Scale (Appendix B, Johns, 1991), the Pittsburgh Sleep 

Quality Index (Appendix C, Buysse et al., 1989), the Mindful Attention Awareness Scale 

(Appendix G, Brown & Ryan, 2003), and the researcher- created survey (Appendix H). 

Finally, the researcher administered the WAIS-IV visual puzzle task (Appendix D), digit 

span (Appendix E), and similarities tests (Appendix F; Wechsler, 2008) in- person.  

 

Data Analysis 

 The resulting data of this study were considered using several central variables. 

Study-test performance was measured by looking at the percentage of the 60 between-

subjects study trials in which the participant made an accurate response (óstudy percentô). 

Memory for context was indicated through three different context outcomes: The 

percentage of the 60 critical test trials in which the participant made an accurate dual-
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decision selection (ódual percentô), the percentage of the 60 critical test trials in which the 

participant made an accurate picture selection (ópicture percentô), and a ócontext score.ô 

The context score is a value that represents how a participant performed overall during 

the critical test. This value was created by giving each individual trial a score based off 

performance and adding together each trial score. Each trial was scored as follows: 0 = 

both dual and picture incorrect, 1 = only dual correct, 2 = only picture correct, 3= both 

dual and picture correct. óOnly pictureô received a higher score than óonly dualô because 

the dual decision required a lower level of knowledge about the original stimulus (i.e. that 

it was an indoor or outdoor scene) than the picture decision (which required participants 

to select the specific image). This system allows the context score to represent each 

participantôs overall ability to remember contextual information. It should be noted that 

context score and picture percent are highly correlated (r(58) = .98, r2 = .96) measures 

(see Figure 4). A confidence score that represents a participantôs overall confidence was 

also calculated for each participant by adding up their confidence responses for each trial 

during encoding (1 = Not at all confident in the association, 2 = Moderately confident in 

the association, and 3 = Successfully associated). 
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Figure 4: Correlation of the variables Context Score and Picture Percent. 

 

 Several t-tests were performed in order to ensure that participants were 

performing above chance on the memory tasks. A t-test on the study percent results of the 

categorization task tested if  participant responses were significantly different from 

chance. With three possible response options, chance was 33.33%. A t-test was also 

performed on dual percent to ensure participants were performing above 50% chance on 

the dual critical test. Finally, a t-test for picture percent was performed to ensure that 

participants were above 33.33% chance for the picture critical test. 

Data was analyzed using several one-way analyses of variance (ANOVAs) that 

examined the relationships between randomly assigned condition, study-test 

performance, confidence rating, and overall memory for context. The one-way ANOVA 

of condition and study percent was used to establish which type of testing was the most 
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diffi cult. The three separate one-way ANOVAs of condition with context score, dual 

percent, and picture percent were used to examine whether the two different testing 

conditions affected participantsô ability to remember different levels of contextual 

information. Three separate linear correlations were also performed comparing study 

percent with context score, dual percent, and picture percent in order to see if  different 

levels of testing performance in general (i.e. ignoring the assigned conditions) affected 

participantsô ability to remember different levels of contextual information. These 

correlations were fitted with lines of best fit  that were tested for significance. 

Further analyses involved examining the confidence scores, cognitive measures, 

and survey results as they relate to memory for context. Three separate linear correlation 

analyses between confidence score and the context-based dependent measures (context 

score, dual percent, and picture percent) were used to create lines of fit  to examine 

whether confidence ratings during encoding were predictive of context memory. The raw 

scores of the cognitive measures (Epworth Sleepiness Scale, Johns, 1991, Appendix B; 

the Pittsburgh Sleep Quality Index, Buysse et al., 1989 Appendix C; the Mindful 

Attention Awareness Scale, Brown & Ryan, 2003 Appendix G; and the WAIS-IV visual 

puzzle task [Appendix D], digit span [Appendix E], and similarities tests [Appendix F], 

Wechsler, 2008) were all run through separate multiple regressions with context score, 

dual percent, and picture percent in order to see if  there were any individual differences 

that affected memory for contextual information. The relationships between these 

variables were also examined to determine if  there were any interactions of interest. All  

the results of the researcher- created survey (Appendix H) were coded into numerical 

value representations (see Appendix I for coding schemes) in order to run analyses 
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comparing the survey responses to contextual memory for the purpose of better 

understanding individual differences in memory for context. Depending on the nature of 

the numerically coded response, survey results were compared to the main context-based 

dependent variables (Context Score, Dual Percent, and Picture Percent) using either one-

way ANOVAs (for dependent group variables) or liner correlations (for interval 

variables). All  of the ANOVA tables from data analysis that are reported in the results 

can be viewed in Appendix K. 
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RESULTS 

 

 The results include data from all 60 participants with 30 in each between- subjects 

condition. Descriptive statistics for the main variables of interest are available in 

Appendix J. The t-test on the study percent results of the categorization task showed that 

participant responses during the study-test were significantly above chance, t(29) = 14.26, 

p < .001. The t-test on dual percent showed that participant responses during the dual 

critical test were significantly above chance t(59) = 9.42, p < .001. Finally, the t-test on 

picture percent showed that participants performed above chance during the picture 

critical test t(59) = 10.13, p < .001. These t-tests are confirmation that participants 

performed above chance on each of the memory tasks. 

The one-way ANOVA of condition and study percent (M = 39.83, SD = 20.91) 

showed a statistically significant interaction F(1, 58) = 118.98, p < .001, with recall of 

paired associates (M = 22.83, SD =14.49) being considerably more difficult  than 

categorization (M = 56.83, SD = 9.03). The mean study percent score for recall of paired 

associates and categorization are shown in Figure 5. The three separate one-way 

ANOVAs of condition with context score (M = 99.92, SD = 21.69), dual percent (M = 

62.31, SD = 10.12), and picture percent (M = 52.11, SD = 14.35) were not statistically 

significant, F(1, 58) = .66, p = .42, F(1, 58) = .05, p = .82, and F(1, 58) = 1.24, p = .27 

respectively. Figure 6 shows the mean context scores for the two separate conditions.  

The three separate correlations comparing study percent with context score, r(58) 

= .36, r2 = .13, dual percent, r(58) = .24, r2 = .06, and picture percent, r(58) = .36, r2 = 

.13, yielded two significant lines of best fit  between study percent and context score, F(1, 
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58) = 8.48, p = .005 (see Figure 7), and study percent and picture percent F(1, 58) = 8.84, 

p = .004, with the line of best fit  for dual percent not being significant F(1, 58) = 3.7, p = 

.06. The three separate linear correlations between confidence score (M = 113.7, SD = 

23.24) and context score, r(58) = .40, r2 = .16 (see Figure 8), picture percent, r(58) = .41, 

r2 = .17, and dual percent, r(58) = .28, r2 = .08, all fit  statistically significant lines of best 

fit , F(1, 58) = 11.15, p = .002, F(1, 58) = 11.57, p = .0012, and F(1, 58) = 4.85, p = .03 

respectively. 

 

 

 

Figure 5: Mean study percent scores for the two conditions. 
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Figure 6: Mean context scores for the two conditions 

 

 

Figure 7: Correlation between context score and study percent with the line of best fit.  
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Figure 8: Correlation between context score and confidence score with the line of best fit.  

 

 

 

None of the analyses involving the cognitive measures (Epworth Sleepiness 

Scale, Johns, 1991, Appendix B; the Pittsburgh Sleep Quality Index, Buysse et al., 1989, 

Appendix C; the Mindful Attention Awareness Scale, Brown & Ryan, 2003, Appendix 

G; and the WAIS-IV visual puzzle task [Appendix D], digit span [Appendix E], and 

similarities tests [Appendix F], Wechsler, 2008) yielded statistically significant 

relationships with the three main context-based dependent variables (context score, 

picture percent, and dual percent).  

Only a few items from the researcher- created survey had statistically significant 

relationships with the context-based dependent variables, with the remainder not being 



 

 30 

significant. Two of the task-based survey questions (concerning how the participants 

thought about and performed the task) had significant relationships shown by one-way 

ANOVAs. The first task-based question of interest (yielding the ótask effortô variable) 

was number 16 from the survey, which asked about how much effort participants put into 

completing the study task. Task effort had a significant relationship with both context 

score, F(3, 56) = 3, p = .04, and picture percent, F(3, 56) = 2.81, p = .048, but not with 

dual percent, F(3, 56) = 2.69, p = .05. This demonstrates that the amount of effort exerted 

on the study tasks affected performance on the critical task. Figure 9 shows a breakdown 

of the mean context scores by task effort survey response. The second survey item of 

interest (yielding the ótask focusô variable) was number 19 from the survey, which asked 

about which stimuli participants paid the most attention to during the encoding portion of 

the study. Task focus had a significant relationship with both context score, F(4, 55) = 

3.11, p = .02, and picture percent, F(4, 55) = 3.09, p = .02, but not with dual percent, F(4, 

55) = 2.06, p = .1. This indicates that the stimuli participants paid attention to during 

encoding influenced their performance on the critical task. Figure 10 shows a breakdown 

of the mean context scores by task focus survey response.  
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Figure 9: Mean context scores by response on the task effort survey question. 

 

Figure 10: Mean context scores by response on the task focus survey question. 
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DISCUSSION &  CONCLUSION 

  

 The study-task analysis in the introduction made it clear that the recall of paired 

associates task required more specific memory than the categorization task because even 

if  one is able to correctly categorize the presented cue (therefore able to respond correctly 

to the categorization task), they may not be able to generate the specific food or animal 

that was originally paired with the cue word that was required to correctly respond to the 

recall of paired associates task. The results of this study supported that the recall of paired 

associates task was indeed more challenging than the categorization task. 

It was predicted that the more difficult  test would support oneôs ability to 

remember a greater number of contextual details over the less demanding testing. 

Considering the non-significant relationship between type of testing and ability to 

remember contextual information, this study has failed to support the hypothesis. 

Furthermore, it was predicted that more rigorous testing would improve context memory 

the most. There are significant lines of fit  for the correlations between performance on 

the study-test and measures of contextual memory, but it is likely that this has more to do 

with the overall memory capability of the participants, and if  this hypothesis was correct 

than the correlation would have been in the opposite direction (i.e. as test scores went 

down, memory for context would have increased). Therefore, it is clear that the main 

hypotheses of this study should be rejected based off these results.  

 Despite a lack of compelling support for the main hypotheses, the results of this 

study confirmed that participants were able to self-assess learning and performance fairly 

well. The significant relationship between confidence rating and performance on memory 
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for contextual information showed that participants were able to accurately assess how 

well they had learned the information during encoding. This performance self-awareness 

was also shown by the significant association between the effort rating in the researcher- 

created survey with memory for contextual information. The participants who indicated 

that they exerted greater effort performed better on the critical task.  

There was also a significant relationship between what information participants 

indicated they paid attention to during encoding and how they performed on the critical 

task. Interestingly, the participants who paid the most attention to the English wordôs 

association with the image on the screen (and not the Dutch word) during encoding 

earned the best scores during the critical task. Considering that the English words were 

not present during the critical task, this may indicate that the study-test helped better 

establish these participantsô connections between the Dutch words and their English 

translations. During the critical task, it is likely that these participants were able to 

remember the English translation of the presented Dutch word and then connect that 

translation with the scene from the encoding portion of the study instead of simply 

connecting the Dutch word alone with the scene. This indicates that the attempt of using 

Dutch vocabulary to avoid semantically- based context memory encoding may have 

failed.  

Encoding of environmental information, like contextual information, can be 

suppressed if  participants are engaged in non-environmentally based processing during 

encoding (Matzel et al., 1985). This effect, called óovershadowing,ô may explain why 

participants struggled to remember contextual information during the final test. It is 

possible that participants, in an attempt to better remember the challenging Dutch 
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translations, elected to use mental rehearsal techniques that they already rely on in their 

studies (all participants were Georgia Tech undergraduate students) to deeply encode the 

item information instead of the environmental information that the researcher oriented 

them toward during instructions. If  participants did not believe that using the images as 

their environmental cues was sufficient to learn the information, they would likely elect 

to use an extra-environmental method that has worked for them in the past. In this case, 

overshadowing wouldôve prevented the contextual cues from being bound to the source 

memory. If  contextual information was not originally encoded alongside the item 

memory, then it would not have been re-instated during the study-test phase, which is 

central to the hypotheses of this study. Therefore, incidental overshadowing during the 

encoding phase may be an explanation for the null results. 

Another possible cause for the null results is that the contextual information 

presented to participants may have been too similar and did not contain enough variation 

between stimuli. Only six images were used as contextual information for sixty items, 

with there being two different types (indoor and outdoor) of picture stimuli used. 

Episodic confusion errors occur when the source of information is confused with another 

source (Smith et al., 2001) and this is more likely to happen when the context of the two 

different sources is similar (Tulving & Craik, 2000). Indoor and outdoor scenes prompt 

distinct cortical activations from one another (Henderson et al., 2007), so the scenes of 

each type are likely more perceptually similar to each other. To test if  participants were 

confusing the scenes of similar types with one another, the probability of participants 

indicating the correct type of scene despite choosing the incorrect photo was calculated. 

The probability of participants having selected the correct distinction between indoor or 
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outdoor given that the participant was incorrect on the final picture decision is 48.88 

percent, which is below chance. This is not convincing evidence that participants were 

confusing indoor and outdoor scenes with one another, so episodic confusion is an 

unlikely explanation for the null results. 

There is the potential that the encoding task itself was too boring to truly engage 

elaborative thought in the participants. Participants were instructed to attempt to mentally 

imagine the vocabulary item in the scene, but without any hard feedback being solicited 

during encoding beyond confidence ratings, it is possible that the task was simply not 

engaging enough for participants to invest substantial mental effort into the task. Recall 

should be increased by using concrete vocabulary words to encourage mental imagery 

(Nelson & Schreiber, 1992) and visually imagining items (Roediger, 1980), both of 

which apply to the encoding task participants were asked to complete. However, if  

participants found this task to be boring or otherwise intellectually unstimulating, they 

may have lacked interest in completing the mental tasks as instructed, therefore 

contributing to the apparent shallow-processing of the source memory (Sporer, 1991). 

Furthermore, there is fMRI  (functional magnetic resonance imaging) evidence that when 

a memory task doesnôt explicitly prompt for future retrieval of contextual information, a 

relatively small amount of brain activity elicited by the stimulus is devoted to 

establishing the memory trace (Duarte et al., 2011). Duarte and colleagues (2011) also 

found that source memory for scenes is lower compared to source memory for words or 

pictures of objects. This indicates that the combination of not explicitly orienting 

participants to being tested on scenes and using scenes as the contextual information in 

the first place was a poor choice to encourage memory for contextual information. Due to 
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the lack of engagement that was required of participants beyond unmeasurable mental 

manipulations, and the relatively weak source memory traces for scenes (Duarte et al., 

2011), it is possible that elaborative source encoding did not occur.  

 This study may also have been improved on by simply limiting the amount of 

information participants were asked to digest. The methods attempted to eliminate 

semantic retrieval effects by using Dutch vocabulary, but it resulted in participants 

having considerable difficulty performing well on the tasks. This researcher often heard 

professions from Georgia Institute of Technology undergraduate students after 

completing the study that this task was extremely difficult, and they did not feel that they 

performed well. In fact, when participants were asked to rate how difficult  the study was 

(question 21 of the researcher- created survey, Appendix H), the most common response 

was that it was ósomewhat difficultô (n=43), with four participants rating it as óextremely 

difficult.ô The dual- attention design during encoding also led to different participants 

paying attention to different information from one another, so that different individuals 

were prioritizing remembering different pieces of information.  

Overall, the vague instructions that were intended to encourage incidental 

learning of contextual information may have led to incidental overshadowing instead, the 

cognitive demands made on the participants were likely too great, the orienting task was 

ill -suited to encourage encoding of source information, and individual variability in 

performance was high. One or several of these factors likely contributed to the null result. 

Future studies may yield significant results if  the methods are kept simple, a within-

subject design is used to allow for cross-trial comparisons of the same individual, 
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precautions are taken to avoid overshadowing, contextual stimuli are more selectively 

chosen, and the cognitive demands put upon participants are not too great.  

It is still clear from well- established literature that context plays an important role 

in supporting episodic memory (e.g., Godden & Baddeley, 1975; Karpicke et al., 2014; 

Lehman et al., 2014; Whiffen & Karpicke, 2017) and that testing is a powerful tool for 

learning (e.g., Karpicke & Blunt, 2011; Kornell & Vaughn, 2016; Smith et al., 2013) but 

this study has failed to draw the connection between testing and contextual reinstatement. 

The main reason for this failure seems to be grounded within the flawed methodology, 

therefore this avenue of research is still worthy of further study.  

A potential opportunity for future research on this topic could involve expanding 

upon the study by Akan, Stanley, & Benjamin (2018) by adding more trial manipulations 

in an attempt to reveal differences in testing demands on ability to remember spatially-

based context. Akan, Stanley, & Benjaminôs (2018) design is simple and elegant, doesnôt 

make too many cognitive demands on participants, is a within-subject design to allow for 

more direct cross-trial comparisons, and had promising results on its own. The planned 

study would add more test trial types to better cover the question of the relationship 

between testing difficulty  and memory for contextual information. 

The failure of this study to show that different levels of testing difficulty affect 

ability to remember contextual information associated with a given item is likely more a 

reflection of poor task design, high individual variability in ability to remember context, 

and/or incidental overshadowing and not a lack of a relationship between testing 

difficulty  and memory for context. A more simplified and direct design may lead to 

convincing support for this theory in the future. 
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APPENDIX A:  INFORMED  CONSENT 
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APPENDIX B: EPWORTH SLEEPINESS SCALE 
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APPENDIX C: PITTSBURGH SLEEP QUALITY  INDEX  

 

Instructions:   

The following questions relate to your usual sleep habits during the past month only. 

Your answers should indicate the most accurate reply for the majority of days and nights 

in the past month. Please answer all questions.  

During the past month, 

1. When have you usually gone to bed? ______________ 

2. How long (minutes) has it taken you to fall asleep each night? ______________  

3. When have you usually gotten up in the morning? ______________  

4. How many hours of actual sleep do you get at night? (This may be different than 

the number of hours you spend in bed.) ______________ 

 

5. During the past month, how often have 

you had trouble sleeping because you  

Not 

during 

the past 

month (0) 

Less than 

once a 

week (1) 

Once or 

twice a 

week (2) 

Three or 

more 

times a 

week (3) 

A. Cannot get to sleep within 30 minutes     

B. Wake up in the middle of the night or 

early  

morning     

C. Have to get up to use the bathroom     

D. Cannot breathe comfortably     

E. Cough or snore loudly     

F. Feel too cold     

G. Feel too hot     

H. Have bad dreams     

I. Have pain     

J. Other reason(s), please describe, 

including  

how often you have had trouble sleeping  

because of this reason(s):     

6. During the past month, how often have 

you taken medicine (prescribed or ñover 

the counterò) to help you sleep?     

7. During the past month, how often have 

you had trouble staying awake while 

driving,  eating meals, or engaging in social 

activity?     

8. During the past month, how much of a 

problem has it  been for  you to keep up 

enthusiasm to get things done?     
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Very 

Good (0) 

Fairly  

Good (1) 

Fairly  

Bad (2) 

Very Bad 

(3) 

9. During the past month, how would you 

rate your sleep quality  overall?     

 

 
Form Administration Instructions, References, and Scoring 

 
 
Form Administration Instructions 
 
The range of values for questions 5 through 10 are all 0 to 3. 
 
Questions 1 through 9 are not allowed to be missing except as noted below.  If these questions 
are missing then any scores calculated using missing questions are also missing.  Thus it is 
important to make sure that all questions 1 through 9 have been answered.   
 
In the event that a range is given for an answer (for example, ó30 to 60ô is written as the answer to 
Q2, minutes to fall asleep), split the difference and enter 45. 
 
Reference 
 
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ:  The Pittsburgh Sleep Quality Index:  
A new instrument for psychiatric practice and research.  Psychiatry Research 28:193-213, 1989. 
 
Scores ï reportable in publications 
 
On May 20, 2005, on the instruction of Dr. Daniel J. Buysse, the scoring of the PSQI was 
changed to set the score for Q5J to 0 if either the comment or the value was missing.  This may 
reduce the DISTB score by 1 point and the PSQI Total Score by 1 point. 
 
PSQIDURAT   DURATION OF SLEEP 
   IF Q4 > 7, THEN set value to 0 
   IF Q4 < 7 and > 6, THEN set value to 1 
   IF Q4 < 6 and > 5, THEN set value to 2 
   IF Q4 < 5, THEN set value to 3 

Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQIDISTB SLEEP DISTURBANCE 
 IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM 

is null or Q5j is null, set the value of Q5j to 0) = 0, THEN set value to 0 
 

IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM 
is null or Q5j is null, set the value of Q5j to 0) > 1 and < 9, THEN set 
value to 1 

 
IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM 
is null or Q5j is null, set the value of Q5j to 0) > 9 and < 18, THEN set 
value to 2 

 
IF Q5b + Q5c + Q5d + Q5e + Q5f + Q5g + Q5h + Q5i + Q5j (IF Q5JCOM 
is null or Q5j is null, set the value of Q5j to 0) > 18, THEN set value to 3 

 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 
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PSQILATEN   SLEEP LATENCY 
   First, recode Q2 into Q2new thusly: 

IF Q2 > 0 and < 15, THEN set value of Q2new to 0 
IF Q2 > 15 and < 30, THEN set value of Q2new to 1 
IF Q2 > 30 and < 60, THEN set value of Q2new to 2 
IF Q2 > 60, THEN set value of Q2new to 3 
Next 

   IF Q5a + Q2new = 0, THEN set value to 0 
IF Q5a + Q2new > 1 and < 2, THEN set value to 1 
IF Q5a + Q2new > 3 and < 4, THEN set value to 2 
IF Q5a + Q2new > 5 and < 6, THEN set value to 3 

 
Minimum Score = 0 (better); Maximum Score = 3 (worse) 

 
PSQIDAYDYS   DAY DYSFUNCTION DUE TO SLEEPINESS 
   IF Q8 + Q9 = 0, THEN set value to 0 
   IF Q8 + Q9 > 1 and < 2, THEN set value to 1 
   IF Q8 + Q9 > 3 and < 4, THEN set value to 2 
   IF Q8 + Q9 > 5 and < 6, THEN set value to 3 

Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQIHSE   SLEEP EFFICIENCY 
  Diffsec = Difference in seconds between day and time of day Q1 and day 

Q3 
  Diffhour = Absolute value of diffsec / 3600 
              newtib =IF diffhour > 24, then newtib = diffhour ï 24 
            IF diffhour < 24, THEN newtib = diffhour 

(NOTE, THE ABOVE JUST CALCULATES THE HOURS BETWEEN 
GNT (Q1) AND GMT (Q3)) 

  tmphse = (Q4 / newtib) * 100 
 
  IF tmphse > 85, THEN set value to 0 
  IF tmphse < 85 and > 75, THEN set value to 1 
  IF tmphse < 75 and > 65, THEN set value to 2 
  IF tmphse < 65, THEN set value to 3 

Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQISLPQUAL   OVERALL SLEEP QUALITY 
   Q6 

Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQIMEDS   NEED MEDS TO SLEEP 
   Q7 

Minimum Score = 0 (better); Maximum Score = 3 (worse) 
 
PSQI    TOTAL 
   DURAT + DISTB + LATEN + DAYDYS + HSE + SLPQUAL + MEDS 

Minimum Score = 0 (better); Maximum Score = 21 (worse) 
Interpretation:   TOTAL < 5 associated with good sleep quality 

     TOTAL > 5 associated with poor sleep quality 
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APPENDIX D: WAIS-IV  VISUAL  PUZZLES 
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Demonstration Item 

 

Sample Item 
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Item 1 

 

Item 2 
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Item 3 

 

Item 4 
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Item 5 

 

Item 6 
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Item 7 

 

Item 8 
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Item 9 

 

Item 10 
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Item 11 

 

Item 12 
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Item 13 

 

Item 14 
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Item 15 

 

Item 16 
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Item 17 

 

Item 18 
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Item 19 

 

Item 20 
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Item 21 

 

Item 22 
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Item 23 

 

Item 24 
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Item 25 

 

Item 26 
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APPENDIX E: WAIS-IV  DIGIT  SPAN 
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APPENDIX F: WAIS-IV  SIMILARITIES  
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APPENDIX G: MINDFUL  ATTENTION  AWARENESS SCALE 
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APPENDIX H: SURVEY 

 

1. What is the highest level of education you father has achieved? 

a. No schooling 

b. Some high school, no diploma 

c. High school graduate, diploma or the equivalent (Ex: GED) 

d. Some college credit, no degree 

e. Trade/technical/vocational training 

f. Associate degree 

g. Bachelorôs degree 

h. Masterôs degree 

i. Professional degree 

j. Doctorate degree 

2. What is the highest level of education you mother has achieved? 

a. No schooling 

b. Some high school, no diploma 

c. High school graduate, diploma or the equivalent (Ex: GED) 

d. Some college credit, no degree 

e. Trade/technical/vocational training 

f. Associate degree 

g. Bachelorôs degree 

h. Masterôs degree 

i. Professional degree 
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j. Doctorate degree 

3. Please specify your ethnic origin: 

a. White 

b. Hispanic 

c. Black or African American 

d. Native American 

e. Asian or Pacific Islander 

f. Other 

4. Do you have any siblings? 

a. Yes 

b. No 

5. If  you answered ñYesò to #4, how many? 

________ 

6. If  you answered ñYesò to #4, please select your relationship with your siblings: 

a. I am the oldest sibling 

b. I am a middle sibling 

c. I am the youngest sibling 

d. I am a twin 

7. Are you an introvert or an extrovert? 

a. Introvert 

b. Extrovert 

c. I donôt know 

8. Would you consider yourself someone with a high attention to detail? 
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a. Yes 

b. No 

9. Are you originally from somewhere outside the United States? If  so, where are 

you from and how long have you lived in the United States? 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

______________________________ 

 

10. Have you travelled outside of the United States? If  so, how many times and to 

where? (please list countries, length of stay and # of visits per country) 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

______________________________ 

11. Do you speak any languages aside from English? If  so, please list them and 

specify your proficiency (Elementary proficiency, Limited working proficiency, 

Professional working proficiency, Full professional proficiency, Native or 

bilingual proficiency). 



 

 68 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

______________________________ 

12. Have you had/ do you currently have a paid job? If  so, how many years of your 

life have you been working at least 20 hours a week? 

a. Yes; ________ years 

b. No 

13. How often you procrastinate on assignments? 

a. Never 

b. Almost Never 

c. Sometimes 

d. Somewhat often 

e. Very often 

14. Rank the following (1-4) by level of importance for you personally: 

______ Work/ School 

______ Family  

______ Travel / Life Experiences 

______ Friends 

15. On average, how many hours a week do you spend doing the following:*  

______ Playing video games 
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______ Watching TV 

______ Exercising on your own (at home, in the gym, outside) 

______ Group Exercise (e.g. yoga class, martial arts, etc.) 

______ Practicing musical skills (singing or playing an instrument) 

______ Performing some sort of craft (E.g. cooking, sewing, pottery, painting, 

etc.) 

______ Studying 

______ Spending time outside (not including exercise time) 

______ Socializing (going out or having people over) 

______ Shopping (online or in store) 

16. How much effort did you put into being accurate at the study task? 

a. All  my effort 

b. A good amount of effort 

c. I tried, but wasnôt too concerned about my performance 

d. No effort 

17. Did you feel pressure to perform well at this study task? 

a. Yes, a lot 

b. Some 

c. Not really 

d. Not at all 

18. Was it difficult  for you to rate your association confidence in the first (encoding) 

part of the study? 

a. No 
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b. Yes 

19. What information were you were most focused on remembering during the first 

(encoding) portion of the experiment? 

a. The Dutch word only 

b. The English word only 

c. The image only 

d. The Dutch word and its English translation 

e. The Dutch wordôs association with the image on the screen 

f. The English wordôs association with the image on the screen 

g. The Dutch word and its English translation as associated with the image 

20. Were you thinking about the images during the second (study) section of the 

experiment? 

a. Definitely yes, effortfully 

b. Sometimes when I saw a word I would think of the picture, but not always 

c. Not at all 

21. How difficult  did you find it was to complete this study? 

a. Extremely difficult  

b. Somewhat difficult  

c. Neither easy nor difficult  

d. Somewhat easy 

*Much of the data collection for this study occurred in the midst of the COVID-19 

pandemic. The instructions for this survey indicated that participants should consider how 

much time they spent doing these activities prior to lockdown. 
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APPENDIX I:  CODING SCHEME FOR SURVEY RESULTS 

 

 

 
Question Question Code Possible Responses Response Code

What is the highest level of education your father has achieved? PaEdu High school graduate, diploma or the equivalent (Ex: GED) 1

Some college credit, no degree 2

Trade/ technical/ vocational training 3

Associate degree 4

BachelorΩs degree 5

MasterΩs degree 6

Professional degree 7

Doctorate degree 8

What is the highest level of education your mother has achieved? MaEdu High school graduate, diploma or the equivalent (Ex: GED) 1

Some college credit, no degree 2

Trade/ technical/ vocational training 3

Associate degree 4

BachelorΩs degree 5

MasterΩs degree 6

Professional degree 7

Doctorate degree 8

Please specify your ethnic origin: Ethnicity Asian 1

Black or African American 2

Hispanic 3

Other 4

White 5

Do you have any siblings? Sibs No 0

How many siblings do you have? Yes, (insert # of siblings here) (# of siblings)

Please select your relationship with your siblings: SibAge None 0

I am the youngest sibling 1

I am a middle sibling 2

I am the oldest sibling 3

I have a twin 4

Are you an introvert or an extrovert? IntOrEx Introvert 1

Extrovert 2

I don't know 3

Would you consider yourself someone with a high attention to detail? AttnDetail No 0

Yes 1

Have you travelled outside of the United States? Travel No 0

How many times and to where? Please list countries and number of visits per country. Also indicate if any of these were long term stays (i.e. 3+ weeks).Yes, once: a week or less (English speaking) 1

Yes, once: more than a week (English speaking) 2

Yes, once: a week or less (non-English speaking) 3

Yes, once: more than a week (non-English speaking) 4

Yes, several times: a week or less (English speaking) 5

Yes, several times: at least one time was more than a week (English speaking) 6

Yes, several times: a week or less (non-English speaking) 7

Yes, several times: at least one time was more than a week (non-English speaking) 8

Yes, at least one time was a month or more (English speaking) 9

Yes, at least one time was a month or more (non-English speaking) 10

Where are you from (if not the US)? From USA always 0

How long have you lived in the US? Other, 2 years 2

Other, 4 years 4

Other, 5 years 5

Other, 10+ years 10

Do you speak any languages aside from English? Language No 0

Yes, 1 elementary proficiency 1

Yes, 1 working proficiency 2

Yes, 1 fluent/native 3

Yes, several with elementary proficiency 4

Yes, several, with at least one being working proficiency 5

Yes, several, with at least one being fluent/ native 6

Have you ever had/  do you currently have a paid job? Job No 0

How many years of your life have you been working at least 20 hours a week? Yes, less than 1 year 1

Yes, 1 year 2

Yes, 2 years 3

Yes, 3 years 4

Yes, 4 years 5

Yes, 6 years 6

Yes, 10+ years 7

How often do you procrastinate on assignments? Procras Never 0

Sometimes 1

About half the time 2

Most of the time 3

Always 4

Rank most personally Important: Work/  School ImpWork 1, 2, 3, or 4 1, 2, 3, or 4

Family ImpFam 1, 2, 3, or 4 1, 2, 3, or 4

Friends ImpFrien 1, 2, 3, or 4 1, 2, 3, or 4

Travel/  Life Experiences ImpLife 1, 2, 3, or 4 1, 2, 3, or 4
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Note: There are some response possibilities in the survey (appendix H) that are not coded 

here. That means none of the participants selected that response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hours/week: Playing video games HourGame # #

Watching TV HourTV # #

Exercising alone HourExSolo # #

Group exercise HourGroupEx # #

Practicing musical skills HourMusic # #

Performing some sort of craft HourCraft # #

Studying HourStud # #

Outside time HourOut # #

Socializing HourSocial # #

Shopping HourShop # #

How much effort did you put into being accurate at this study task? TaskEffort No effort 1

I tried, but I wasn't too concerned about my performance 2

A good amount of effort 3

All my effort 4

Did you feel pressure to perform well at this study task? TaskPressure Not at all 1

Not really 2

Some 3

Yes, a lot 4

Was it difficult for you to rate your association confidence in the first (encoding) part of the study?TaskConfRate No 0

Yes 1

What information were you were most focused on remembering during the first (encoding) portion of the experiment?TaskFocus The Dutch word and its English translation as associated with the image 1

The Dutch word and its English translation 2

The Dutch wordΩs association with the image on the screen 3

The English wordΩs association with the image on the screen 4

The image only 5

Were you thinking about the images during the second (study) section of the experiment?TaskTestImage Not at all 1

Sometimes when I saw a word I would think of the picture, but not always 2

Definitely yes, effortfully 3

How difficult did you find this study? TaskDifficult Somewhat easy 1

Neither easy nor difficult 2

Somewhat difficult 3

Extremely difficult 4
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APPENDIX J: DESCRIPTIVE  STATISTICS 

 

 

 

Study percent for recall of paired associates group 

 
 

Study percent for categorization group 

 
 

Study Percent Overall 

 
 

Dual percent 
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Picture percent 

 
 

Context score 

 
 

Confidence score 

 
 

WAIS-IV  visual puzzles scores 

 
 

WAIS-IV  digit span scores 
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WAIS-IV  similarities scores 

 
 

Epworth Sleepiness Scale scores  

 
 

Pittsburgh Sleep Quality Index scores  

 
 

Mindful Attention Awareness Scale scores 
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Survey: PaEdu 

 
 

Survey: MaEdu 

 
 

Survey: Ethnicity 

 
 

Survey: Sibs 
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Survey: SibAge 

 
 

Survey: InorEx 

 
 

Survey: AttnDetail 

 
 

Survey: Travel 
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Survey: From 

 
 

Survey: Language 

 
 

Survey: Job 

 
 

Survey: Procras 
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Survey: ImpWork 

 
 

Survey: ImpFam 

 
 

Survey: ImpFrien 

 
 

Survey: ImpLife 

 
 

Survey: HourGame 
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Survey: HourTV 

 
 

Survey: HourExSolo 

 
 

Survey: HourGroupEx 

 
 

Survey: HourMusic 

 
 

Survey: HourCraft 
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Survey: HourStud 

 
 

Survey: HourOut 

 
 

Survey: HourSocial 

 
 

Survey: HourShop 

 
 

Survey: TaskEffort 
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Survey: TaskPressure 

 
 

Survey: TaskConfRate 

 
 

Survey: TaskFocus 

 
 

Survey: TaskTestImage 

 
 

Survey: TaskDifficult 
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APPENDIX K: ANOVAS 

 

 

 

One-way ANOVA for line of fit  between context score and picture percent 

 
 

One-way ANOVA for study percent grouped by condition 

 
 

One-way ANOVA for context score grouped by condition 

 
 

One-way ANOVA for dual percent grouped by condition 
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One-way ANOVA for picture percent grouped by condition 

 
 

One-way ANOVA for line of fit  between context score and study percent 

 
 

One-way ANOVA for line of fit  between picture percent and study percent 

 
 

One-way ANOVA for line of fit  between dual percent and study percent 
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One-way ANOVA for line of fit  between context score and confidence score 

 
 

One-way ANOVA for line of fit  between picture percent and confidence score 

 
 

One-way ANOVA for line of fit  between dual percent and confidence score 

 
 

One-way ANOVA for context score grouped by task effort response 

 
 

 

 

 

 



 

 86 

One-way ANOVA for picture percent grouped by task effort response 

 
 

One-way ANOVA for dual percent grouped by task effort response 

 
 

One-way ANOVA for context score grouped by task focus response 

 
 

One-way ANOVA for picture percent grouped by task focus response 

 
 

One-way ANOVA for dual percent grouped by task focus response 
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