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Source memory is a cognitive process that combines the representation of the origin of the episodic experience 

with an item. By studying this daily process, researchers have made fundamental discoveries that make up the 

foundation of brain and behavior research, such as executive function and binding. In this paper, we review and 

conduct a bibliometric analysis on source memory papers published from 1989 to 2020. This review is based on 

keyword co-occurrence networks and author citation networks, providing an in-depth overview of the development 

of source memory research and future directions. This bibliometric analysis discovers a change in the research 

trends: while research prior to 2010 focused on individuality of source memory as a cognitive function, more 

recent papers focus more on the implication of source memory as it pertains to connectivity between disparate 

brain regions and to social neuroscience. Keyword network analysis shows that aging and executive function are 

continued topics of interest, although frameworks in which they are viewed have shifted to include developmental 

psychology and meta memory. The use of theories and models provided by source memory research seem essential 

for the future development of cognitive enhancement tools within and outside of the field of Psychology.

Key words : Source memory, Bibliometric Analysis, Keyword Co-occurrence, Citation Analysis, Networks

* 이 성과는 2019년도 정부(과학기술정보통신부)의 재원으로 한국연구재단의 지원을 받아 수행된 연구임 

(No.2019R1A2C1007399).

†교신저자: 한상훈, 연세대학교 심리학과, 서울특별시 서대문구 연세로 50 03722

  Tel: 02-2123-5436, E-mail: sanghoon.han@yonsei.ac.kr



인지과학, 제33권 제1호

- 24 -

Introduction

Source memory is a process that unitizes the representation of the origins of an episodic experience 

with an item. While allowing rich episodic characteristic sustainment, source memory also evaluates 

and monitors the experience of remembering and retrieval. This process was first observed through 

Korsakoff’s Syndrome in 1911 and gained popularity after Evans & Thorn mentioned the term Source 

Amnesia in 1966[1,2]. Subsequent work by Schacter, Tulving and Johnson, among others, pioneered 

discoveries related to neuropsychological patients studies and neuroscientific substrates[3,4]. Historically, 

primary research on source memory dealt with memory and how it intertwines with aging and 

neurological deficits. The concept of source memory was also explored early on by Johnson and Ray 

(1981) [5], who investigated reality monitoring as a mode of tracing back the source of a perceptual 

experience and distinguishing actual and perceived events. This conceptual background provided 

groundwork for researchers to intertwine already popularized literature of aging and patient studies 

that shed more light to how memory is affected by such factors [6]. Johnson (1988) continued to 

delve deeper into this topic and investigated how reality monitoring can be qualified using 

experimental phenomenological approaches [7]. As such, although source memory has been a continued 

topic of interest, it gained momentum beginning in 1989 where subsequent research used early 

research to build frameworks and theories about source memory.

This led to further research that expanded the theoretical framework of such cognitive processes 

and led to many crucial neuroscientific discoveries related to fundamental brain mechanisms and 

substrates related to memory, such as binding, executive function, and associative memory. With these 

given frameworks, researchers explored a wide variety of topics, ranging from studies about 

compensatory mechanisms in aging[8], contributions of the prefrontal cortex (PFC)[9,10], and memory 

building processes[11,12]. A key development came after a study in 1993 mentioned source 

monitoring[13], which highlighted the importance of episodic memory research studying the qualitative 

characteristics of subjective experience during retrieval processes [14]. The Mitchell and Johnson’s 

review article on source monitoring provided a comprehensive overview of the literature thus far and 

served as a stepping stone for many researchers. In fact, there seems to be a steady growth in the 

number of publications specifically between 2012-2017. However, a few unresolved issues regarding 

Mitchell and Johnson’s influence on source memory still remain, including whether or not the review 

was limited in regard to providing additional insight into the characteristics of the researcher’s work 
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on topics outside of source monitoring. Additionally, although it is clear that this article provided a 

means for a change in source memory research trend, it is also important to investigate what new 

trends have emerged since then. 

Through text-mining overview based on bibliographic data of journal articles such as keyword 

co-occurrence and author citation index in the present paper, we highlighted the most cited papers, 

the core journals, top cited authors, and keyword occurrence regarding the source memory literature 

previously overlooked by traditional review methods and flag emerging research trends. Specifically, 

research topics and the relationships of those in the field of source memory were investigated using 

keyword co-occurrence analysis, and citation analysis enabled to trace the chronological development of 

this field by exploring a network of the most cited papers. Bibliometric approach is a quantitative 

research method that has recently been spotlighted in the field of data science, which enables us to 

investigate the trend over time particularly in the literature review[15]. This method also has an 

advantage of decreasing subjectivity bias [16]. Thus, by using this bibliometric approach, we are able 

to explore the research relationship within the scientific field of source memory and thereby visualize 

and inspect how this field has been influenced within psychology and other branches of the scientific 

field. As such, bibliometric and information science methods have been applied increasingly in order to 

find the global trend in the fields such as neuroimaging, neuropathology, and animal studies[17,18].

By applying the bibliometric approach, this paper aims to expand our understanding on source 

memory research by focusing on three main points. First, we identified trends not only in the field as 

a whole but also between different researcher groups. We sorted similar trends in both the literature 

and research groups while simultaneously acknowledging disparate categories of research as well. 

Second, we classified neural substrates of source memory. Until 2009, as highlighted in Mitchell et 

al.’s review article, research seemed to focus particularly on the importance of qualitative characteristics 

of source monitoring during retrieval. More recently, however, there seems to be an increasing interest 

in the process of encoding and neural-network connectivity between different brain regions during this 

cognitive process. As such, we tried to expand on the neural network connectivity framework 

dependent on the frequency of how much disparate brain regions co-occur in papers on source 

memory. Finally, we found thematic evolution that may be emerging in the field of social 

neuroscience or neurodegenerative studies.
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Methods

Paper selection

Academic literature and citation information were obtained from two main databases, Web of 

Science (WoS) and Scopus. First, the term “source memory” was entered into the ‘topic search’ of 

the WoS database. It is important to note that 1989 was established as the starting point of 

literature for the purpose of this bibliometric analysis due to the availability of data in the WoS 

database. Topic search returns matching documents based on title, abstract, keyword, and keyword 

plus fields. The search was performed in the following indexes from the WoS core collection: 

SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, and ESCI. The search resulted in 2003 

documents. We manually checked each document to make sure if a document can be considered 

source memory study written in English language, and we excluded 26 unrelated documents including 

the documents from the computer science field. In addition, we excluded 10 early access documents 

because both VOSviewer and CitNetExplorer do not support these documents which document type 

are early access. The term “source memory” was used again for search in the Scopus database. The 

search was based on article title, abstract, and keywords, and it returned 1065 documents. Since the 

results from the WoS are based on more fields than Scopus and they had their own keyword 

generating system (Keyword plus), we decided to use the WoS as a main data source. There were 

178 documents only searched from the Scopus but not included from the topic search of WoS. We 

added some of these documents which we were able to search from WoS because we could not use 

the file from the Scopus due to the huge difference in the data format. We were able to add 41 out 

of the 178 documents. In short, 1108 documents in total, 1067 from WoS and 41 from Scopus, 

were included in further analysis.

Keyword co-occurrence analysis

Keyword co-occurrence network was generated using VOSviewer[19]. The co-occurrence analysis 

visualizes the most frequent keywords that appear in many documents and the relationship with other 

keywords that appear many times together, which allows systematic reviews of scientific documents. 

Keywords were extracted including 1) author keywords which were provided by authors of each paper 
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and 2) keyword plus which is automatically generated from the titles of cited articles in the WoS 

database. Keyword plus terms must appear more than once in the bibliography and are ordered from 

multi-word phrases to single terms. The network consists of nodes and links. Nodes represent 

keywords, and links represent co-occurrence among keywords. The size of the node indicates the 

number of occurrences, thus popular keywords having high occurrences have bigger nodes. Two nodes 

in close location indicate that the two keywords appear together frequently in papers. Clustering 

analysis was also conducted, and the result was presented using different colors of nodes. The number 

of clusters was automatically decided. Local moving algorithm was utilized as a clustering technique, 

which is based on the Louvain algorithm for modularity optimization[20]. Since Mitchell & Johnson 

(2009) summarized source memory studies published until 2009 in the influential review paper, we 

tried to investigate how the trend has been changed in source memory literature after 2009. Thus, in 

the current study, the keyword analysis was performed separately for documents from two time 

periods: 1989 - 2009 and 2010 - 2020. For each time period, we extracted top 100 keywords which 

have the highest occurrences, and compared the two periods by analyzing overlapping keywords 

between the two and unique keywords for each period. 

Citation analysis

Citation analysis was performed using CitNetExplorer. The citation network allows to analyze the 

development of a research field over time by presenting the chronological relationship among the most 

influential documents. We included the 50 most cited publications of source memory in the analysis. 

The network comprises nodes and edges; The nodes represent each publication, and the label of each 

node indicates first author. The edges in the network represent citation relations. The edges are 

directed and unweighted. Since the network is presented in temporal order from the top, the upper 

one is cited document and the lower one is citing document [21]. Fig 3 describes how the top 50 

authors are related to each other using citation analysis by VOSviewer. The relatedness of the authors 

was decided based on the number of times they cited each other. We also analyzed the relationship 

among the 50 most cited journals in source memory research (Fig 4). Since 1 journal does not have 

any connection to other journals, the one was not included in the visualization. The network in fig 4 

was colored by the Journal Citation Reports (JCR) impact factor score in 2019 which indicates how 

influential each journal is. 
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Word cloud

The word cloud (fig 7), explained in the discussion section, was created by using the python 

package word cloud (https://pypi.org/project/wordcloud/). Word cloud analyzes frequency and intensity 

of words numerically and translates it into visualization[22]. The prevailing words in a word cloud 

represent the most relevant topics. Thus, this method enables us to quickly summarize large text by 

prioritizing words in the text. We investigated important keywords in Mitchell & Johnson (2009) 

which reviewed source memory studies until 2009. The text data in the study including from abstract 

to references were fed into the module. The size of each word in the word cloud indicates the 

importance of it in the text. 

Results

Review of source memory papers

Fig 1a displays the numeric publication trend of Source Memory papers from 1989 to 2020 

totaling 1108 articles The figure shows a steady growth of publication, with its peak occurring in 

2016. The high number of publications that can be seen around 2012-2017 may be attributed to the 

publication of Mitchell’s review article in 2009, with researchers beginning to elaborate on conceptual 

and empirical frameworks flagged in source monitoring research. An important point to note is that 

we establish 1989 as the beginning of source memory research for the purposes of this review as the 

Web of Science database does not provide source memory research published prior to 1989. Fig 1b 

shows the top 10 Journals with the most Source Memory article publications since 1989. Journal of 

Experimental Psychology- Learning Memory and Cognition is the most influential paper, having published 

57 articles, followed by Neuropsychologia and Journal of Cognitive Neuroscience following with 51 and 

46 publications, respectively. Journal of Experimental Psychology- Learning Memory and Cognition is a 

journal that focuses predominantly on theoretical research.
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Fig 1. (a) Number of publications on Source Memory by year (b) Top 10 Source Memory

Publication Journals.

Main topics of source memory papers

Article publication trend

Supplemental Table 1 shows the top 30 most cited source memory papers in the data extracted 

from Web of Science and Scopus, organized by authors, title, publication journal, publication year, 

and citation count. Cabeza, Anderson, Locantore, and Mcintosh (2002), exploring the relationship 

between cognitive aging and prefrontal cortex activity, received the most citations (1165), with 

Davachi, Mitchell, and Wagner (2003) following with 624 citations. Judging from the Top 5 articles, 

researchers in the field seemed to have been predominantly interested in studies focused on frontal 

lobe activation while the most predominant trend overall seems to be related to research investigating 

the effects of aging. The Journal of Experimental Psychology- Learning Memory and Cognition, the top 

Journal as shown in Fig 1, published the most articles out of those listed in Supplemental Table 1. 
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Out of the most cited articles from 1989 to 2020, one third was published in 1999 and 2002 

combined, with five publications from each year. Articles published in these years largely study aging 

and implications of specific brain areas as well as retrieval mechanisms that may follow. This peak in 

publication number points to the everlasting interest in aging and relatively recently, in neuroimaging 

and behavioral implications of specific brain activation patterns. 

Fig 2, which was generated by the CitNetExplorer software, displays the top 50 most cited 

publications on source memory, organized by the publication year and the first author of the article. 

This type of analysis not only allows for an accessible visual representation of such publications, but 

also of potential patterns and relationships between authors who cited one another in their work. 

Janowsky, Shimamura, and Squire (1989) are at the very top of the figure with numerous connections 

to other publications, as their work on frontal lobe lesion and source memory impairment pioneered 

research into source memory. There are also some interesting patterns to be noted. Glisky, Rubin, and 

Davidson (2001), who conducted work related to aging, seems to be more directly connected with 

other publications. Fig 2 shows that the majority of the literature covering the use of ERPs 

Fig 2. Citation network of the top 50 most cited publications on Source Memory. Only the

last name of the first author is shown.



Yunjin Bak et al. / Bibliometric analysis of source memory in human episodic memory research

- 31 -

(Event-Related Potential), e.g., Wilding (1997), Wilding (1999), Wilding (2000), Johansson & 

Mecklinger (2003), are clustered to the left of the figure. Many of the authors who studied the 

cognitive mechanisms of source memory retrieval, e.g., Meiser & Broder (2002), Starns & Hicks 

(2005), Hicks & Cockman (2003), are clustered to the right of the figure. Mitchell & Johnson 

(2009), who wrote a review article highlighting the neural mechanisms of source memory as 

investigated by fMRI, is heavily intertwined to all areas of the literature, from ERP to 

double-dissociation studies. In fact, Mitchell & Johnson (2009) is the most cited publication out of 50 

visualized, as it provided a wide-ranging review of all aspects as it relates to source memory.

An additional characteristic to notice is that the aging literature is prevalent all throughout the 

source memory literature; cognitive aging seems to be of interest in subjective vs objective memory 

recognition as researched by Duarte, Henson, and Graham (2008), spatial source memory as 

researched by Van Petten, Senkfor, and Newberg (2000), possible disparate retrieval mechanisms based 

on age as researched by Glisky & Kong (2008), and comparison of the healthy vs clinical aging 

population as researched by Multhaup & Balota (1997). These are only a few examples of the 

continued interest in the aging literature as visualized by fig 1b. 

It is worth noting that while only the first authors are shown in this visualization, many of them 

have collaborated on each other’s publications; for example, Rugg & Yonelinas (2003) located at the 

left of the figure, was the last corresponding author of Cansino, Maquet, Dolan, and Rugg (2002). 

Wagner, who was a collaborator in various branches of connections, was the last corresponding author 

in Dobbins, Foley, Schacter & Wagner (2002) as well as Kahn, Davachi, and Wagner (2004). As 

such, these highly publicized authors seem to be heavily intertwined in terms of research interests and 

publications.

Similarly, fig 3 depicts the publication trend of the 50 most cited authors on source memory. 

Although these authors are heavily intertwined, their most focus of research within source memory can 

be largely divided into four clusters. The first cluster, shown in red, visualizes authors, such as Gallo, 

Cabeza, and Schacter, who predominantly researched the relationship between aging and source 

memory retrieval ability, with an emphasis on source memory theories and framework. The second 

cluster, shown in yellow, includes authors such as Buchner, Hicks, and Mieth, who studied the effects 

of emotion on source memory. The third green cluster, including researchers such as Friedman, 

Cycowicz, and Riggins, shows the cluster of authors who made substantial contributions to ERP 

research and source memory. The last cluster in blue, shows authors who researched aging and brain 
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activity as it pertains to source memory. 

As a note, although Supplemental Table 1 and figures 2,3 are all analyzed on the basis of source 

memory paper publications, they are all focused on different aspects of publication trends. Table 1 is 

focused on the citation frequency of specific papers while figures 2 and 3 focus more on the grouping 

of these different citations. The two figures, on the other hand, are about how prior source memory 

work influenced other source memory research and how they are interconnected with one another. 

Thus, due to the specific characteristics of the different publication analyses, it is hard to cluster and 

label table 1 and the figures together despite the overlap. Each figure offers unique and independent 

visualizations of the different source memory publication patterns and trends.

  Journal publication trend

Fig 4a shows the relationship between different publication journals that published source memory 

articles as depicted by the different colored clusters. The different colors of the clusters indicate the 

varying frameworks of the included journals and portrays the main themes of interest. The first 

cluster, displayed in the top left, shows journals heavily based on biology and neurology, such as 

Biological Psychology, Human Brain Mapping, and Psychophysiology. Neuropsychologia intersects between 

physiological psych and cognitive psych. The second cluster in the bottom right, shows experimental 

psychology journals, such as Journal of Experimental Psychology, Quarterly Journal of Experiment, and 

Experimental Psychology. The third cluster, displayed in the top middle, centers around journals that 

focus on aging and clinical research. Dealing with both healthy aging and dysfunctions, such as 

Aging Neuropsychology and Cognition, Experimental Aging Research, and Journal of Clinical and 

Neuropsychology. The fourth cluster, in the middle, is the most distant from other clusters and includes 

Fig 3. Citation analysis of the top 50 most cited authors on source memory.
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Fig 4. (a) Citation network of the top 50 journals on citation analysis results

superimposed by JCR impact factor score (b) Citation network of the top 50 journals

based on citation analysis results. The color of each node indicates the average publish

year for each journal.
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journals pertaining to psychiatry and schizophrenia. The distance may possibly be because usually this 

line of research is usually integrated to other bigger frameworks of psychology and memory deficits. 

The last cluster in the bottom left includes neuroscience journals, focusing on specific brain regions, 

such as Hippocampus, and how brain regions interact and work together in the memory framework. As 

a whole, Neuropsychologia and Journal of Experimental Psychology act as main “hubs” of journal citations 

and are most heavily interconnected with other journals covering a wide variety of topics. This clearly 

shows the lasting interest in two aspects of source memory: the biological-focused and the 

experiment-focused. These clusters were also superimposed with the relevant impact factor scores of 

the journals, indicated by the varying color schemes. Journals pertaining to human cognition, such as 

Memory, Memory and Cognition, Aging Neuropsychology and Cognition, have impact factor scores around 2. 

Journals predominantly focusing on neuroscience research such as Journal of Neuroscience, Neuron, and 

Cerebral Cortex, average impact factor scores of 5, seemingly pointing to an emphasis on neuroimaging 

as a continued focus of interest in Source Memory. 

Fig 4b is identical to fig 4a with publication year superimposed on the visualization. With yellow 

indicating a more recent average year of publication, journals such as Cognitive Neuroscience, Cortex, 

Frontiers in Human Neuroscience, and Experimental Psychology, are on the more recent end of publication 

year. This may mirror the impact factor journal trend, with emerging and continued interest in 

research focused on neuroscience.

Publication trend

Keyword trend 1989-2009

Fig 5 shows the top 50 keyword co-occurrence maps from the time period 1989 - 2009. The 

theme map produced by VOSviewer software portrayed four main keyword clusters, visualized by the 

different colored key word clusters. These keyword occurrences are visualized by clustering among 

keywords that occur together under similar categories. The map visualizes several patterns:  

Recollection is the most frequently occurring keyword in the red cluster, located at the bottom right 

of the figure, and the overarching theme seems to be about the aging literature, as keywords such as 

older adults, age-differences and aging are heavily weighted in the cluster as well within the aging 

focused literature, this cluster also shows the way in which judgements about memory, such as 

recollection, recognition, false memory, source memory, are made according to different theories and criteria 
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such as signal detection theory, divided attention, etc. The second cluster in yellow, located at the center 

of the figure, shows keyword co-occurrences that analyze memory deficits caused by dysfunction in the 

frontal cortex region, such as amnesia, impairment, schizophrenia, dementia, as it relates to the most 

heavily weighted keyword, Source Memory. It also focuses on co-occurrences related to working memory- 

Mitchell and Johnson’s comprehensive overview article published in 2009 may have played a role in 

establishing a solid connection between working memory and how it relates to source monitoring. As 

such, the connection between terms such as recognition memory, retrieval, and source memory seem to be 

strongly interconnected. This may also point to an emerging research trend investigating not only the 

execution of working memory but also the inhibition of irrelevant information. Specifically, research on 

Fig 5. Top 50 Keyword map from keyword co-occurrence analysis from 1989 to 2009.
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inhibition can also be tied back to the aging research, displayed in the first cluster, as aging has 

been linked to a decrease in inhibition ability, leading to working memory deficits. The third cluster, 

as visualized by the green co-occurrence keywords, displays source memory keywords as it relates to 

neuroimaging. The regions of focus seem to be the prefrontal cortex, hippocampus and medial temporal-lobe 

as measured by item vs source structured related tasks measured by neuroimaging methods such as 

event-related fmri. The last keyword co-occurrence cluster shown in blue, seems to emphasize research 

related to event-related potential, as it relates to neural activity in memory. Event-related potentials are 

prevalent in all sub-fields of memory, as it seems to have highly weighted occurrences with source 

memory, recognition memory, and episodic memory.

Keyword trend 2010-2020

Fig 6 shows the top 50 keyword co-occurrence maps from the time period 2010-2020. The map 

-produced by VOSviewer software portrayed five main keyword clusters. This visualization occurs under 

the same visualization method as fig 5. The first red cluster, just like the keyword co-occurrence 

maps from 1989-2009, deals with the aging literature, such as age-differences, young, age, and children. 

Keywords also show a trend related to self, such as self, autobiographical memory, as well as 

memory-related deficits, such as Alzheimer’s disease, schizophrenia, deficits. The co-occurence strength 

between aging terms seems to be especially strong, displaying a continued interest in the relationship 

between both healthy aging and dysfunction on source memory. The yellow cluster seems to have a 

particular emphasis on episodic memory and recollection as it pertains to neuroimaging studies. As 

such, episodic memory co-occurs at a high rate with terms such as fmri, medial temporal-lobe, and 

prefrontal cortex. Terms associated with episodic memory tasks such as familiarity and recognition also 

occur at high co-occurrence. The green cluster, located in the top left of the figure, displays keywords 

that are related to recognition, such as recognition, recognition memory, and item. These words are also 

related to the theories in which these recognition processes occur, such as signal-detection theory, 

receiver-operating characteristics, and source monitoring. The blue cluster displays terms that co-occur as it 

relates to other cognitive factors, such as attention and emotion, that can influence source memory and 

recollection. Tables detailing the different cluster keywords are provided in the supplemental 

materials. 
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Keyword comparison

Although there is a fair amount of overlap between keyword trends from 1989-2009 and 

2010-2020, the framework in which these trends are portrayed has shifted. As a whole, there is an 

emergence of the field of associative memory and associative recognition, pointing to a research trend 

focused on item-source association structure. Additionally, research conducted after 2010 focuses more 

on keywords as it relates to the self, such as self, self-reference effect and autobiographical memory which 

may be due to the emergence and development of the field of social neuroscience, pointing to a 

newly found interest in social neuroscience and how different implications of source memory can be 

translated into a more social context. In terms of brain regions of interest, the frontal cortex, prefrontal 

cortex, hippocampus, and medial temporal lobe are continuous topics of interest. After 2010, however, 

Fig 6. Top 50 Keyword map from keyword co-occurrence analysis from 2010 to 2020.
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research seems to expand into more specific brain regions, highlighting the roles of the amygdala, 

medial prefrontal cortex, parietal cortex, and the perirhinal cortex. Other changes in keyword trends to note 

are the emergence of cognitive deficits such as dementia, and Alzheimer’s disease. Most notable is the 

term mild cognitive impairment, which is related to cognitive deficit diagnosis and forecasting after 2010. 

This observation points to potential utility of source memory deficit as one of the markers for early 

neurodegenerative disorder. Additionally, while working memory seems to be a popular topic of research 

both prior to and after 2010, executive function began to and is continuing to occupy a large portion 

of present source memory research. With the shift of keyword trends, we are also able to see that 

researchers are now taking an interest in context memory as it relates to source memory as well. 

Literature until 2009 focuses predominantly on retrieval and the frontal lobe, which seems to be 

based more on the fundamental basis of source memory, theories about what it is, how it functions. 

Literature after 2010, on the other hand, builds off of this broad framework to delve deeper into 

differences in encoding and unitization of cognition. As a whole, we can see that research prior to 

2010 focuses more on the underlying theories of how source memory is developed and retrieved, 

while research after 2010 focuses more on the implication of source memory and how we are able to 

use that to explore and utilize concepts of social neuroscience and meta memory.

Discussion

Source memory is a mnemonic decision process that unitizes the representation of the origins of an 

episodic experience with an item. The study of this cognitive process led to the discovery of crucial 

functions such as binding and executive function, allowing for the expansion of the framework that 

correlates brain and behavior. To visualize and conceptualize how research of source memory 

progressed over the years, we took a bibliometric analysis approach to conduct a sweep of the 

literature thus far. By doing so, we were able to visualize keyword co-occurrence as well as study the 

interrelations between different clusters of keywords. This allowed us to identify what keywords were 

predominantly studied prior to and after 2010, as well as study what keywords remained of high 

interest with researchers. Additionally, we also visualized the relationship of journals and the structure 

of author citations, which provided helpful information about which clusters of researchers studied 

which particular subfield of source memory research.
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Mitchell and Johnson provided a foundational review of source memory research, highlighting key 

findings and trends in the literature in connection with fMRI imaging prior to 2010, which provided 

a critical turning point for source monitoring literature. The comprehensive overview of past research, 

specifically highlighting the contribution of neuroimaging to our understanding of the overarching 

trend of source memory research, neural mechanisms of source memory, and disparate cognitive 

processes that may accompany source monitoring, provided a crucial framework for researchers to 

further expand both neural and behavioral outcomes of source memory. The review article also 

highlighted key points of aging, memory deficits, as well as key brain regions that allowed for the 

characterizations of the process of source monitoring. To visualize how the literature characterized and 

studied source memory as characterized by Mitchell and Johnson, we created a word cloud of the 

most commonly used terms in Mitchell and Johnson’s 2009 review article.

Fig 7. World cloud of most frequently used terms in Mitchell and Johnson’s 2009 review

article.

We were able to determine that the most frequently used terms include source, activity, information, 

cortex, and PFC. Keywords such as feature and item closely followed. By visualizing key terms, we are 

able to see that information about item association processing was conceptualized in a more general 

framework, in which source memory was studied predominantly in relation to the frontal cortex. 

Through comparing keyword occurrences in two time period blocks, divided by the publication of 
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Mitchell’s review article in 2009, we found a continuous interest in the aging literature. Although 

research after 2010 also expanded into developmental psychology, with interests broadening to the 

child and adolescent population, we were able to see that the aging population remained in the 

spotlight of source memory research. We were also able to find that research began to view memory 

just as an independent cognitive function, but as a factor that can be interconnected with other 

cognitive mechanisms. As such, researchers started to gain interest in how high cognitive functions, 

such as attention and emotion, can develop functional connectivities of their own. With such 

developments, research also began to decipher source memory into different subdivisions, such as 

autobiographical and contextual memory. If, prior to 2010, research was heavily focused on 

understanding what source memory is and how it functions as a cognitive function, research after 

2010 takes the larger framework and classifies it into separate branches. More recently, source 

memory rehabilitation has been emerging as a method of cognitive training[39].

As such, researchers have begun investigating how external aids such as virtual reality or lifelogging 

devices can benefit memory for phenomena such as context reinstatement, and how we are able to 

implement such cognitive training and practice to further optimize memory ability[40]. The use of 

transcranial electric stimulation (tES) as means for neuromodulation is also being emphasized, as this 

method allows for direct stimulation of brain regions such as the prefrontal cortex (PFC)  and the 

medial temporal lobe (MTL) known to be important for executive function during retrieval and 

unitization during encoding, among others[41].

This paper contains a couple of limitations, including the temporal scope of articles available in the 

databases used for our analysis. Specifically, we referenced 1989 as the beginning of Source Memory 

literature as Web of Science and SCOPUS provided journal articles starting from 1989 and 2004, 

respectively. As such, we did not take into account works of pioneering authors such as Tulving, 

published before 1989. Another limitation to note is the mixed usage of terms pertaining to research 

on context memory, contextual memory, and source memory; since the basis of these terms are quite 

similar, it is hard to establish a definitive distinction to separate these terms. It can be argued that 

the main distinction between source and context memory comes from human vs. animal studies. 

While source memory emphasizes verbal/semantic elaboration of contextual cues and focuses on 

higher-order cognitive processes in humans such as executive function, contextual memory research 

puts more emphasis on animal studies focusing on acquisition of condition and association. As 

such, the focus of contextual memory research is more geared towards the neuroscience of the 
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aforementioned neuroscience of conditioning, association, and Pavlovian condition, among others. For 

the purposes of our paper, we focused solely on research that characterized source memory and did 

not combine keywords of both “source/context memory”. Future directions include further investigating 

the distinguishing factors between contextual and source memory to expand the current findings in 

source memory research we covered in this study. 

In conclusion, bibliometric review of existing literature suggests that a vast amount of source 

memory research provides fundamental theory and models. On the basis of these theories, the research 

and development of cognitive enhancement tools in the fields of neuroscience, neuropsychology, and 

cognitive psychology, along with the evaluation of their effectiveness for mitigating effects of amnesia, 

aging, and developmental disorders, seem necessary.
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(Abstract)

계량서지학 방법론을 활용한 출처기억 연구분석: 

인간 일화기억 연구를 중심으로*

박 연 진1)** 유 수 민2)** 나 윤 진2) 한 상 훈2)3)

1)그랜드케니언 대학 경영학과   2)연세대학교 심리학과   3)연세대학교 인지과학 협동과정
**These authors contributed equally to this work and share first authorship.

  출처기억은 사물에 대한 일화기억 경험의 맥락을 표상하는 중요 인지기제이다. 출처기억에 대한 그 동안

의 연구는 일상의 일화기억과 밀접한 뇌신경, 행동학적 중요 연구들의 기초가 되어 왔고, 특히 집행기능이

나 연합기제와 같은 인지기제를 강조하여 왔다. 본 연구에서는 계량서지학적 방법론을 통해 1989년에서 

2020년 사이 출간된 출처기억 연구논문들을 분석하였고 핵심어 공동출현 연결네트워크와 저자 인용 연결망

을 기반으로 출처기억 연구의 발전 흐름에 대한 깊이 있는 개관을 제시한다. 계량서지학적 분석을 통해 출

처기억 연구의 추세를 확인한 결과, 2010년을 기준으로 이전 연구들에서는 출처기억의 인지적 기제와 관련

한 개별 특성을 살핀 반면, 최근의 연구들은 뇌신경영역 간 연결성 특징 분석을 통한 임상적 특징연구를 

비롯해 사회신경과학적 주제에 이르는 영향을 탐색하였다. 핵심어 연결성 분석을 통해 노화, 집행기능이 주

요 핵심 주제어로서 연구되었음을 확인하였고, 최근 아동발달심리학과 메타기억 등의 관점에서 연구되는 

추세로 나아가고 있음을 보았다. 관련된 출처기억의 이론과 연구모델을 기반으로 심리과학분야 내외에서 

인지적 향상의 발달과 관련된 연구가 지속될 가능성을 제안하였다.

주제어 : 원천기억, 계량서지학, 동시출현단어 분석, 인용분석, 네트워크
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Authors Title Journal Citations

Cabeza et al. 

(2002)

Aging Gracefully: Compensatory Brain Activity in 

High-Performing Older Adults
Neuroimage 1165

Davachi et al. 

(2003)

Multiple Routes to Memory: Distinct Medial Temporal 

Lobe Processes Build Item and Source Memories

Proceedings of the 

National Academy of 

Sciences of the United 

States of America

624

Rossion & 

Pourtois (2004)

Revisiting Snodgrass and Vanderwart’s Object Pictorial 

Set: The Role of Surface Detail in Basic-Level Object 

Recognition

Perception 570

Slotnick et al. 

(2003)

Distinct Prefrontal Cortex Activity Associated with Item 

Memory and Source Memory for Visual Shapes
Cognitive Brain Research 506

Kensinger & 

Corkin (2003)

Memory Enhancement for Emotional Words: Are 

Emotional Words more Vividly Remembered than 

Neutral Words?

Memory & Cognition 481

Janowsky et al 

(1989)

Source Memory Impairment in Patients with Frontal- 

Lobe Lesions
Neuropsychologia 465

Wittmann et al. 

(2005)

Reward-Related fMRI Activation of Dopaminergic 

Midbrain is Associated with Enhanced Hippocampus- 

Dependent Long-Term Memory Formation

Neuron 427

Dobbins et al. 

(2002)

Executive Control During Episodic Retrieval: Multiple 

Prefrontal Processes Subserve Source Memory
Neuron 361

Mitchell & 

Johnson (2009)

Source Monitoring 15 Years Later: What have we 

Learned from fMRI about the Neural Mechanisms of 

Source Memory?

Psychological Bulletin 361

Salthouse (2010) Selective Review of Cognitive Aging

Journal of the 

International 

Neuropsychological Society

346

Henson et al. 

(1989)

Right Prefrontal Cortex and Episodic Memory Retrieval: 

A Functional MRI Test of the Monitoring Hypothesis
Brain 342

<Supplemental Table 1> Top 30 most cited source memory papers
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Cansino et al. 

(2002)

Brain Activity Underlying Encoding and Retrieval of 

Source Memory
Cerebral Cortex 319

Glisky et al. 

(1995)
Double Dissociation between Item and Source Memory Neuropsychology 317

Kahn et al. (2004)
Functional-Neuroanatomic Correlates of Recollection: 

Implications for Models of Recognition Memory
Journal of Neuroscience 288

Glisky et al. 

(2001)

Source Memory in Older Adults: An Encoding or 

Retrieval Problem?

Journal of Experimental 

Psychology-Learning 

Memory and Cognition

272

Yonelinas (1999)

The Contribution of Recollection and Familiarity to 

Recognition and Source-Memory Judgments: A Formal 

Dual-Process Model and an Analysis of Receiver 

Operating Characteristics

Journal of Experimental 

Psychology-Learning 

Memory and Cognition

257

Lundstrom et al. 

(2005)

The Role of Precuneus and Left Inferior Frontal Cortex 

during Source Memory Episodic Retrieval
Neuroimage 219

Rugg et al. (1999)
The Role of the Prefrontal Cortex in Recognition 

Memory and Memory for Source: An fMRI Study
Neuroimage 207

Erdfelder et al. 

(2009)

Multinomial Processing Tree Models: A Review of the 

Literature

Zeitschrift fur 

Psychologie-Journal of 

Psychology

193

Wilding (2000)
In what way does the Parietal ERP Old/New Effect 

Index Recollection?

International Journal of 

Psychophysiology
191

Dennis et al. 

(2008)

Effects of Aging on the Neural Correlates of Successful 

Item and Source Memory Encoding

Journal of Experimental 

Psychology-Learning 

Memory and Cognition

190

Johnson (2006) Memory and Reality American Psychologist 184

Walther et al. 

(2010)

Structural Brain Differences and Cognitive Functioning 

Related to Body Mass Index in Older Females
Human Brain Mapping 176

Schmitter-Edgecom

be et al. (2009)

Characterizing Multiple Memory Deficits and their 

Relation to Everyday Functioning in Individuals with 

Mild Cognitive Impairment

Neuropsychology 153
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Wunder et al. 

(2006)

Temperature-Dependent Isotopic Fractionation of Lithium 

Between Clinopyroxene and High-Pressure Hydrous Fluids

Contributions to 

Mineralogy and 

Petrology

148

Cabeza et al. 

(2003)

Lateralization of Prefrontal Activity during Episodic 

Memory Retrieval: Evidence for the Production-Monitoring 

Hypothesis

Journal of Cognitive 

Neuroscience
146

Duarte et al. 

(2004)

Dissociable Neural Correlates for Familiarity and 

Recollection during the Encoding and Retrieval of 

Pictures

Cognitive Brain 

Research
143

Drag & Bieliauskas 

(2010)
Contemporary Review 2009: Cognitive Aging

Journal of Geriatric 

Psychiatry and 

Neurology

142

Uncapher et al. 

(2006)

Episodic Encoding is more than the Sum of its Parts: 

An fMRI Investigation Oof Multifeatural Contextual 

Encoding

Neuron 142

Mather et al. 

(1999)

Stereotype Reliance in Source Monitoring: Age 

Differences and Neuropsychological Test Correlates

Cognitive 

Neuropsychology
137

Rahhal et al. 

(2002)

Truth and Character: Sources that Older Adults can 

Remember
Psychological Science 135

Diana et al. 

(2008)

Effects of Unitization on Familiarity-Based Source 

Memory: Testing a Behavioral Prediction Derived From 

Neuroimaging Data

Journal of Experimental 

Psychology-Learning 

Memory and Cognition

133

<Supplemental Table 1> Top 30 most cited source memory papers (Continued 2)
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label cluster label cluster label cluster label cluster

recollection 1 source memory 2 information 3
recognition 

memory
4

familiarity 1 retrieval 2 prefrontal cortex 3 episodic memory 4

older adults 1 memory 2 item 3
event-related 

potential
4

recognition 1 working-memory 2 fmri 3 brain potentials 4

age-differences 1 deficits 2 brain activity 3 item memory 4

recall 1 performance 2 hippocampus 3 age 4

aging 1 amnesia 2 activation 3

model 1 false recognition 2 dissociation 3

false memory 1 impairment 2
medial 

temporal-lobe
3

young 1 schizophrenia 2 cortex 3

attention 1 brain 2 event-related fmri 3

source monitoring 1 source amnesia 2 words 3

context 1 dementia 2

experience 1 frontal-cortex 2

signal-detection-

theory
1 frontal-lobe lesions 2

divided attention 1

judgments 1

<Supplemental Fig 1> Top 50 Keyword table for keyword co-occurrence analysis from

1989 to 2009.
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label cluster label cluster label cluster label cluster

source 

memory
1

episodic 

memory
2

recognition 

memory
3

event-related

potential
4

memory 1 recollection 2 recognition 3 attention 4

older adults 1 familiarity 2 information 3 context 4

aging 1 retrieval 2 item 3 binding 4

age-differences 1 fmri 2 source monitoring 3 item memory 4

performance 1
medial 

temporal-lobe
2 model 3 emotion 4

false memory 1 prefrontal cortex 2 context memory 3 neural mechanisms 4

recall 1 hippocampus 2 judgments 3 arousal 4

working-memory 1 brain 2
receiver-operating 

characteristics
3  

alzheimer’s 

disease
1

brain 

activity
2

signal-detection-

theory
3  

autobiographical 

memory
1 activation 2

processing tree 

models
3  

young 1 dissociation 2

schizophrenia 1 parietal cortex 2

associative memory 1

deficits 1

self 1

age 1

metaanalysis 1

<Supplemental Fig 2> Top 50 Keyword table for keyword co-occurrence analysis from

2010 to 2020.


