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            Abstract
          
        

        
          
            Purpose:
            As an increasing number of people live with dementia, vast research on dementia is necessary. However, it is unclear how much dementia has been studied and in what context in the field of Communication Sciences and Disorders (CSD). This study was designed to explore the quantity of dementia research between 2000 and 2019 and CSD conditions studied in association with dementia using text mining techniques.

          

          
            Methods:
            47,681 peer-reviewed articles published between the years 2009 and 2019 were extracted from the Web of Science, PsycINFO, and CINAHL. Text mining was carried out to understand productivity of research on dementia and other CSD conditions. Furthermore, co-occurrence network was analyzed to explore which dementia conditions were studied in relation with CSD conditions.

          

          
            Results:
            Fifty-three CSD conditions, including 10 different dementias, were identified. The number of studies on dementia was approximately half of that on language impairment or autism spectrum disorders. Among the 10 different dementias, unspecified dementia was most explored, followed by Alzheimer’s disease. Dementia studies have been increasing gradually in quantity but not significantly. Co-occurrence analysis revealed that primary progressive aphasia was the only dementia condition that showed a relatively stronger relation with other CSD conditions. Mild cognitive impairment and amyotrophic lateral sclerosis were also associated with dementia, but the association was not statistically significant.

          

          
            Discussion:
            Despite the importance of providing high-quality evidence specifically relevant to the field of CSD, dementia research has not been as rigorous as needed. Besides, dementia was found to be studied independently. Given the increasing aging population and a variety of impairments that people with dementia experience, it is promising to publish more studies focusing on dementia from more diverse perspectives.
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      Ⅰ. Introduction
      As the world is aging, a growing need exists for clinical assessment and management of older people with cognitive impairment and dementia (Brookmeyer et al., 1998). According to the World Health Organization (WHO), the prevalence of people with dementia (PwD) is expected to increase to 22% of the entire population by 2050 (WHO, 2019). Consequently, problems in socioeconomic and health status due to increasing dementia prevalence have been reported (Bonin-Guillaume et al., 2005; Schneider et al., 1999). To cope with the problems associated with increasing dementia prevalence, researchers have shown efforts to identify different types of dementia, discover early signs of dementia, develop intervention approaches, design prevention strategies, compensatory strategies, and provide support for PwD and caregivers. As a result, the literature on dementia largely increased relative to the development of medical and psychiatry research across 36 years (from 1974 to 2009) (Theander & Gustafson, 2012). It was also found that dementia research has been most active in the field of psychiatry and psychology since the year of 2000 (Shen et al., 2019).

      Meanwhile, the status of research on dementia in the specific field of communication sciences and disorders (CSD) is unclear. It is crucial to provide literature on dementia for Speech-Language Pathologists (SLPs) and Audiologists for two reasons: First, the scope of practice for SLPs and audiologists, the two major occupations affiliated with CSD, has been expanding with the increasing prevalence of dementia to provide clinical and educational services for PwD and their caregivers (American Speech-Language-Hearing Association, 2016, 2018; Bourgeois et al., 2016). Dementia is the fastest-growing caseload for SLPs (Bayles & Tomoeda, 2013). More specifically, PwD represents 15% of caseload for SLPs working in healthcare settings, and those in skilled nursing facilities reported 27% of their time is spent providing services for PwD (ASHA, 2019). Moreover, hearing loss is often found in PwD (Hubbard et al., 2018). Considering that it is more difficult for older adults with cognitive impairment to receive adequate audiological treatment when necessary profound knowledge about the challenges of aging as well as dementia is required for audiologists (Dupuis et al., 2013). Second, active investigations on dementia in CSD are essential given that they contribute to higher-level evidence of assessment and treatment efficacy. Assessment of communication deficits associated with dementia (e.g., memory loss, difficulty with comprehensive and/or expressive language, and hearing loss) is a concern among SLPs and audiologists working with PwD. Communicative deficits often occur not only in PwD but also in people with other communication disorders, and therefore have long been investigated by researchers in the CSD field. However, when it comes specifically to research on assessment of and interventions for deficits caused by or co-occur with dementia, it remains unclear to what extent and in what context dementia research has been conducted in the field of CSD.

      Therefore, the current study was designed to explore the following questions using text mining techniques:

      
        	1. What is the study productivity of dementia in comparison to that of other communication disorders?


        	2. Which dementia conditions were studied in relation with other communication disorders?


      

    

    

  
    
      Ⅱ. Methods
      
        1. Identification of Studies
        A systematic search of relevant databases was undertaken to locate journal articles that investigated communication disorders during the last decade. The databases searched for this study were Web of Science, PsycINFO, and CINAHL, in which research articles relevant to communication disorders were most likely to be published.

        Searches were restricted to peer-reviewed journal papers in English published between 2000 and 2019. The limit resulted in excluding bibliographies of original articles, review articles, book chapters, opinion papers, and conference proceedings. A combination of terms that refer to communication disorders was used in an attempt to identify the most relevant papers. The incorporated terms were those commonly used to refer to CSD, such as disorder, impairment, and therapy. Example terms are “speech-language pathology,” “speech-language pathologists,” “speech pathology,” “speech therapy,” “language disorder,” and “language impairment.” In addition, truncation was used to include all possible morphological differences (i.e., speech-language pathology*, speech pathology*, speech impair*, speech disorder*, language disorder*, language impair*). These search terms were limited and combined using a Boolean operator ‘OR.’ The title and abstract of the identified articles from the search were analyzed in the current study.

      

      
        2. Search Outcomes
        A total of 47,681 journal articles were collected and analyzed from the databases after removing duplications. The initial search yielded a total of 64,312 articles which consisted of 35,008 hits from the Web of Science, 17,715 hits from PsycINFO, and 11,589 hits from CINAHL were yielded. Of those, 16,631 articles were found as duplications and dropped from the analysis.

      

      
        3. Data Analysis
        Text mining was carried out to extract relevant terms and trace relationships among dementia and other communication disorders examined in the published research. Text mining is a computer-supported process of extracting useful information and discovering latent patterns from unstructured textual data by utilizing various information retrieval, information extraction, and natural language processing techniques and algorithms (Hotho et al., 2005). This relatively new set of analytic techniques enables researchers to process scaled literature and facilitate the systematic and efficient reviews with analytic techniques such as identification of relevant studies, rapid description, categorization, summarization, and visualization (Malheiros et al., 2007; Thomas et al., 2011; O’Mara-Eves et al., 2015). A growing body of research using text mining techniques in a variety of research areas from health care and medicine (Abbe et al., 2016; Korhonen et al., 2012) to the economy (Abbas et al., 2014) and business (Moro et al., 2015). KH coder3 (Higuchi, 2018), an open text mining analysis software, used in the current review.

        Three phases of analytics were conducted according to three general steps of text analytics: preprocessing, text representation, and knowledge discovery. In the first phase, the preprocessing phase was segmented into three steps: a) stemming which cuts the end of words to make it its original form (e.g., ‘says’ and ‘saying’ to ‘say,’), b) dropping stop words (e.g., ‘of’, ‘kg,’ and ‘%’) and generic terms (e.g., ‘abstract,’ person,’ and ‘general’), and c) extracting and selecting compound words. The compound terms were extracted by the researchers of this study through review on the extracted individual terms to derive more meaningful text representations. The researchers of this study also reviewed associated sentences to reflect the contextual meaning of individual compounding terms. For example, the term ‘quality of life’ was extracted as a single term, rather than extracting two terms ‘life’ and ‘quality.’ The reviewed and selected compounding terms were imported to the KH coder 3 software and extracted as single terms or text representations.

        In the following phase, text representations were extracted, resulting in 134,288 terms. The researchers of this study independently reviewed and identified terms about dementia (e.g., ‘Alzheimer,’ ‘Lewy bodies,’ and ‘Huntington’) and other CSD conditions (e.g., ‘hearing impairment,’ ‘autism spectrum disorders,’ and ‘aphasia’). Synonyms, abbreviations, and substrings were merged as a single text representation. For example, for autism spectrum disorders, terms such as ‘ASD’ ‘autistic spectrum disorder,’ and ‘autistic spectrum’ were grouped as a single term in the analysis. To select the CSD related terms, we referenced Communication Disorders Taxonomy (Government of Malta, 2019). Medical Subject Headings (MeSH) 2020 (U.S. National Library of Medicine, 2020) and its tree structures were also referenced to group dementia. The disagreement was solved by discussion. Hierarchical relationships among the identified terms were ignored because text mining analyses are based on text representation such as term, it is regarded as an appearance of the particular concept in a dataset. This study, accordingly, assumed that generic condition name such as dementia was found, we regarded it as a representation of the research topic or subjects in the collected publication. For example, dementia can include Alzheimer’s disease (AD), Huntington’s diseases (HD), Lewy Bodies dementia (LBD) and others, but in case of studies did not specify what type(s) of dementia they examined, we simply extracted and used the term ‘dementia’ in the analyses. The selection resulted in 43 terms regarding CSD conditions, ten terms of dementia. Appendix A provides the list of the terms included in the analyses.

        Once term selection was completed, research productivity by conditions and by year of publication, and the relationships among studied conditions were computed to answer research questions about the current investigation. The following techniques and indexes were employed: Document frequency (df) was used to compute the productivity of research by conditions in total. Document frequency refers to the number of unique published papers containing individual terms. In the current study, df indicates how many unique studies were conducted regarding individual conditions. The percentage and number of articles to identify dementia and other CSD conditions concerning the year of publication were also computed using the crosstab command embedded in the software. Finally, co-occurrence network analysis was applied to discover and visually present the associations among dementia and other CSD conditions, which answers the research question (2). Co-occurrence, a network analysis technique, represents the association among the terms, assessing how frequently the paired terms co-occur in the same document (Darkes and Goldman, 1998; Wachs-Lopes and Rodrigues, 2016). Among different network analysis techniques, this study adopted modularity, which represents a network property to detect sub-group or division of that network into the community (Clauset et al., 2004). The edge of the network, or the degree of associations between paired terms in a network, was evaluated using the cosine coefficient. The index calculates co-occurrence patterns based on normalized frequency rather than raw frequency, which prevents the length of the document from affecting the evaluation. The score ranges from -1 meaning maximum dissimilarity to 1 indicating maximum similarity, and 0 meaning decorrelation. Figure 1 shows the analytic pipeline.

        
          
          

          Figure 1. 
				
          

          
            Analytic pipeline
          
          

          

        

      

    

    

  
    
      Ⅲ. Results 
      
        1. Studies on Dementia in Comparisom to Other CSD Conditions
        A total of 53 conditions, which consisted of 43 CSD conditions excluding dementia and ten types of dementia, were identified in the dataset. Table 1 shows the top 20 most frequently found conditions. Among the other CSD conditions, language impairment was found most commonly, appearing in slightly over 5,900 (12.38% out of 47,681, df=5,908) journal articles. It was closely followed by autism. When considering language impairment is an umbrella term describing disorders of language that interfere with communication such as aphasia, it can be concluded that autism found in over 5,400 articles (11.52%, df=5,492), is the most commonly studied CSD condition. Of those identified conditions, dementia ranked fourth. This rank appeared relatively high. However, the quantity of related studies was only approximately half of those about language impairment or autistic spectrum disorder (ASD). Besides, the number of articles regarding dementia in Table 1, indicates the total amount of publications of ten types of detected dementia. As shown in Table 2, the percentages of publications on individual dementia conditions were 4% or lower, which were significantly smaller than other CSD conditions. Refer to Appendix A for detailed information about CSD conditions found in the dataset.

        
          Table 1. 
				
          

          
            Top 20 most frequently identified terms related to communication sciences and disorders conditions between 2000 and 2019
          
          

        

        
          
            
              	Rank
              	Condition
              	No. of 
articles
              	%
              	Rank
              	Condition
              	No. of 
articles
              	%
            

          
          
            	 1
            	Language impairment
            	5,908
            	12.39
            	11
            	Cochlear implant
            	1,358
            	2.85
          

          
            	 2
            	Autism spectrum disorders
            	5,492
            	11.52
            	12
            	Parkinson’s disease
            	1,306
            	2.74
          

          
            	 3
            	Hearing impairment
            	3,224
            	 6.76
            	13
            	Motor impairment
            	1,272
            	2.67
          

          
            	 4
            	Dementia*
            	2,947
            	 6.18
            	14
            	Dyskinesia
            	1,236
            	2.59
          

          
            	 5
            	Aphasia
            	2,806
            	 5.88
            	15
            	Deaf
            	1,216
            	2.55
          

          
            	 6
            	Speech impairment
            	2,496
            	 5.23
            	16
            	Communication disorder
            	1,164
            	2.44
          

          
            	 7
            	Developmental delay
            	2,161
            	 4.53
            	17
            	Dysarthria
            	1,070
            	2.24
          

          
            	 8
            	Dyslexia
            	1,893
            	 3.97
            	18
            	ADHD
            		983
            	2.06
          

          
            	 9
            	Specific language impairment
            	1,885
            	 3.95
            	19
            	Stuttering
            		966
            	2.03
          

          
            	10
            	Stroke
            	1,634
            	 3.43
            	20
            	Dysphagia
            		957
            	2.01
          

        

        

        
          Table 2. 
				
          

          
            Terms regarding individual dementia that were identified communication sciences and disorders studies between 2000 and 2019
          
          

        

        
          
            
              	Rank
              	Condition
              	No. of 
articles
              	%
              	Rank
              	Condition
              	No. of 
articles
              	%
            

          
          
            	1
            	Dementia
            	1,700
            	3.57
            	 6
            	Vascular dementia
            	108
            	 .23
          

          
            	2
            	Alzheimer’s disease
            	1,361
            	2.85
            	 7
            	Lewy Bodies dementia
            	 90
            	 .19
          

          
            	3
            	Frontotemporal dementia
            	 468
            	 .98
            	 8
            	Neurofibrillary tangles
            	 33
            	 .07
          

          
            	4
            	Primary progressive aphasia
            	 440
            	 .92
            	 9
            	Creutzfeldt-Jakob dementia
            	 16
            	 .03
          

          
            	5
            	Huntington’s disease
            	 147
            	 .31
            	10
            	Klüver-Bucy syndrome
            		4
            	 .01
          

        

        

        Among different types of dementia, broader dementia without a specified cause (unspecified dementia hereafter) was found most common in the dataset (see Table 2). Despite its comparatively higher number of articles, the proportion of studies regarding general dementia is less than 4% (df=1,700, 3.57% out of 47,681). It was followed by AD (2.85%). The proportions of studies regarding other types of dementia was found to be less than 1%, which is less than one-third of unspecified dementia and AD studies. To illustrate, studies pertaining to frontotemporal dementia (FTD) and primary progressive aphasia (PPA) were only 0.98% (df=465) and 0.92% (df=440) respectively. Particularly, three types of dementia have been significantly understudied: only 33 studies (0.07%) appeared to concern neurofibrillary tangles, 16 studies were about Creutzfeldt-Jakob dementia (0.03%), and four studies regarded Klüver-Bucy syndrome (0.01%).

      

      
        2. Study Productivity: Dementia and Other CSD Conditions by Year of Publication
        Examination on the publication productivity by year revealed that research into ASD has increased gradually and has become the most popular study subject since 2010. To illustrate, in 2000 only 4.56% (n=34) out of the 746 CSD publications concerned ASD. This proportion of studies on ASD increased to over 10% in 2010 and reached slightly less than 15% in 2018. Contrastingly, studies on aphasia, specific language impairment (SLI), and stuttering gained attention by researchers in the field of CSD before 2010 and the percentages of regarded studies have gradually reduced. The proportion of studies regarding unspecified language impairment had been consistently over 10% during the two decades. However, in comparison to over 17% of studies published in 2000, 12% of CSD research was about unspecified language impairment in 2019. The proportions of SLI and stuttering studies showed similar patterns, but the number of studies regarding these CSD conditions had been much less than that of unspecified language impairment, having been reduced by slightly over 5% to 1%. In other words, in the early 21st century, a relatively large portion of CSD studies focused on general language impairment issues, but recently the focus of CSD researchers had moved onto autism issues. Figure 2 visually shows the changes in the study proportions of the detected CSD conditions including dementia. See Table 3 for details of the top ten most frequently studied CSD conditions.

        
          
          

          Figure 2. 
				
          

          
            A bubble map of the identified dementia and other conditions in communication sciences and disorders by year
          
          

          

        

        
          Table 3. 
				
          

          
            Studies productivity of top ten most frequently identified dementia and other communication sciences and disorders conditions by year
          
          

        

        
          
            
              	Terms
              	2000
              	2001
              	2002
              	2003
              	2004
              	2005
              	2006
              	2007
              	2008
              	2009
              	2010
              	2011
              	2012
              	2013
              	2014
              	2015
              	2016
              	2017
              	2018
              	2019
              	# of articles 
            

          
          
            	Language impairment
            	127
(17.02)
            	145
(16.08)
            	117
(14.85)
            	147
(15.64)
            	160
(15.97)
            	205
(18.50)
            	189
(15.84)
            	215
(16.14)
            	217
(15.00)
            	225
(15.69)
            	378
(12.00)
            	360
(12.17)
            	356
(11.57)
            	411
(11.43)
            	452
(11.84)
            	519
(11.44)
            	464
(10.06)
            	549
(11.06)
            	520
(10.79)
            	152
(12.08)
            	5,908
(12.39)
          

          
            	Autism
            	34
(4.56)
            	61
(6.76)
            	39
(4.95)
            	75
(7.98)
            	79
(7.88)
            	104
(9.39)
            	80
(6.71)
            	133
(9.98)
            	131
(9.05)
            	109
(7.60)
            	323
(10.25)
            	322
(10.89)
            	374
(12.16)
            	441
(12.26)
            	539
(14.12)
            	569
(12.54)
            	605
(13.12)
            	645
(12.99)
            	641
(13.30)
            	188
(14.94)
            	5,492
(11.52)
          

          
            	Hearing impairment
            	44
(5.90)
            	45
(4.99)
            	47
(5.96)
            	55
(5.85)
            	59
(5.89)
            	58
(5.23)
            	46
(3.86)
            	62
(4.65)
            	55
(3.80)
            	73
(5.09)
            	203
(6.44)
            	217
(7.34)
            	215
(6.99)
            	288
(8.01)
            	265
(6.94)
            	338
(7.45)
            	337
(7.31)
            	386
(7.77)
            	355
(7.37)
            	76
(6.04)
            	3224
(6.76)
          

          
            	Dementia
            	38
(5.09)
            	40
(4.43)
            	44
(5.58)
            	50
(5.32)
            	45 
(4.49)
            	60
(5.42)
            	73
(6.12)
            	96
(7.21)
            	99
(6.84)
            	93
(6.49)
            	198
(6.29)
            	196
(6.63)
            	202
(6.57)
            	223
(6.20)
            	246
(6.45)
            	280
(6.17)
            	258
(5.59)
            	292
(5.88)
            	317
(6.58)
            	97
(7.71)
            	2,947
(6.18)
          

          
            	Aphasia
            	52
(6.97)
            	81
(8.98)
            	57
(7.23)
            	86
(9.15)
            	85
(8.48)
            	82
(7.40)
            	116
(9.72)
            	121
(9.08)
            	126
(8.71)
            	112
(7.81)
            	189
(6.00)
            	181
(6.12)
            	186
(6.05)
            	201
(5.59)
            	193
(5.06)
            	194
(4.28)
            	201
(4.36)
            	243
(4.89)
            	235
(4.88)
            	65
(5.17)
            	28,06
(5.88)
          

          
            	Speech impairment
            	34
(4.56)
            	47
(5.21)
            	31
(3.93)
            	47
(5.00)
            	47
(4.69)
            	51
(4.60)
            	44
(3.69)
            	67
(5.03)
            	93
(6.43)
            	60
(4.18)
            	165
(5.24)
            	159
(5.38)
            	163
(5.30)
            	168
(4.67)
            	199
(5.21)
            	261
(5.75)
            	250
(5.42)
            	283
(5.70)
            	259
(5.37)
            	68
(5.41)
            	2,496
(5.23)
          

          
            	Developmental delay
            	39
(5.23)
            	39
(4.32)
            	29
(3.68)
            	32
(3.40)
            	53
(5.29)
            	56
(5.05)
            	43
(3.60)
            	66
(4.95)
            	65
(4.49)
            	61
(4.25)
            	111
(3.52)
            	148
(5.00)
            	155
(5.04)
            	160
(4.45)
            	182
(4.77)
            	164
(3.61)
            	223
(4.84)
            	216
(4.35)
            	253
(5.25)
            	66
(5.25)
            	2,161
(4.53)
          

          
            	Dyslexia
            	36
(4.83)
            	36
(3.99)
            	35
(4.44)
            	44
(4.68)
            	55
(5.49)
            	57
(5.14)
            	71
(5.95)
            	58
(4.35)
            	61
(4.22)
            	73
(5.09)
            	126
(4.00)
            	132
(4.46)
            	115
(3.74)
            	149
(4.14)
            	163
(4.27)
            	149
(3.28)
            	162
(3.51)
            	181
(3.65)
            	159
(3.30)
            	31
(2.46)
            	1,893
(3.97)
          

          
            	SLI
            	39
(5.23)
            	7
(7.98)
            	61
(7.74)
            	56
(5.96)
            	77
(7.68)
            	81
(7.31)
            	81
(6.79)
            	92
(6.91)
            	81
(5.60)
            	76
(5.30)
            	133
(4.22)
            	127
(4.29)
            	120
(3.90)
            	133
(3.70)
            	148
(3.88)
            	135
(2.97)
            	134
(2.91)
            	131
(2.64)
            	89
(1.85)
            	19
(1.51)
            	1,885
(3.95)
          

          
            	Stroke
            	26
(3.49)
            	28
(3.10)
            	22
(2.79)
            	24
(2.55)
            	31
(3.09)
            	39
(3.52)
            	42
(3.52)
            	58
(4.35)
            	72
(4.98)
            	51
(3.56)
            	105
(3.33)
            	115
(3.89)
            	101
(3.28)
            	115
(3.20)
            	137
(3.59)
            	136
(3.00)
            	127
(2.75)
            	195
(3.93)
            	167
(3.46)
            	43
(3.42)
            	1,634
(3.43)
          

          
            	# of total articles by year
            	746
            	902
            	788
            	940
            	1,002
            	1,108
            	1,193
            	1,332
            	1,447
            	1,434
            	3,150
            	2,958
            	3,076
            	3,596
            	3,816
            	4,538
            	4,612
            	4,965
            	4,820
            	1,258
            	47,681
          

        

        
          
            Note. Numbers in parenthesis indicate % out of number of total articles by year (the row of the table)
          

        

        

        The productivity of studies on dementia had gradually increased but not significantly. When combined with all types of dementia included in this study, only 61 studies (8.18%) out of 746 articles in 2000 studied dementia. The quantity and proportion of studies on dementia had grown to 149 (10.3% out of 1,447) in 2008, 293 (9.53% out of 3,076) in 2012, and 454 (9.42% out of 4,820) in 2018 (see Table 3). These proportions and the number of studies were still relatively smaller than those of other popularly studied CSD conditions such as language impairment or ASD. When examining individual dementia conditions, the proportions of studies about unspecified dementia and AD have been consistently higher than other types of dementia across the last two decades (see Figure 2). The proportion of unspecified dementia studies have ranged from approximately three to four percent (see Figure 2 and Table 3). Studies regarding AD had ranged from slightly over two to three percent. Despite the relatively consistent proportions of studies regarding these two conditions, the quantities of studies had been increased. To illustrate, the number of AD studies had increased from 19 to 155, and unspecified dementia studies have increased from 22 to 174 during the last two decades (see Table 4). Aside from AD and unspecified dementia, the number of studies regarding PPA and FTD recently started to increase as shown in Figure 3.

        
          Table 4. 
				
          

          
            Study productivity about different dementia in	communication sciences and disorders studies by year
          
          

        

        
          
            
              	Types of dementia
              	2000
              	2001
              	2002
              	2003
              	2004
              	2005
              	2006
              	2007
              	2008
              	2009
              	2010
              	2011
              	2012
              	2013
              	2014
              	2015
              	2016
              	2017
              	2018
              	2019
              	# of articles 
            

          
          
            	Dementia
            	30	 
(4.02)
            	26
(2.88)
            	22
(2.79)
            	36
(3.83)
            	29
(2.89)
            	42
(3.79)
            	44
(3.69)
            	71
(5.33)
            	61
(4.22)
            	65
(4.53)
            	124
(3.94)
            	109
(3.68)
            	113
(3.67)
            	116
(3.23)
            	126
(3.3)
            	161
(3.55)
            	141
(3.06)
            	152
(3.06)
            	174
(3.61)
            	58 
(4.61)
            	1,700
(3.57)
          

          
            	Alzheimer’s disease
            	19
(2.55)
            	19
(2.11)
            	28
(3.55)
            	24
(2.55)
            	17
(1.70)
            	26
(2.35)
            	29
(2.43)
            	50
(3.75)
            	44
(3.04)
            	37
(2.58)
            	88
(2.79)
            	90
(3.04)
            	86
(2.80)
            	111
(3.09)
            	112
(2.94)
            	137
(3.02)
            	112
(2.43)
            	137
(2.76)
            	155
(3.22)
            	40 
(3.18)
            	1,361
(2.85)
          

          
            	Frontotemporal dementia
            	2
(0.27)
            	5
(0.55)
            	9
(1.14)
            	4
(0.43)
            	8
(0.80)
            	10
(0.90)
            	16
(1.34)
            	21
(1.58)
            	18
(1.24)
            	19
(1.32)
            	38
(1.21)
            	39
(1.32)
            	35
(1.14)
            	40
(1.11)
            	31
(0.81)
            	35
(0.77)
            	39
(0.85)
            	40
(0.81)
            	39
(0.81)
            	20 
(1.59)
            	468
(0.98)
          

          
            	Primary progressive aphasia
            	2
(0.27)
            	2
(0.22)
            	3
(0.38)
            	4
(0.43)
            	3
(0.30)
            	7
(0.63)
            	9
(0.75)
            	13
(0.98)
            	11
(0.76)
            	13
(0.91)
            	26
(0.83)
            	16
(0.54)
            	35
(1.14)
            	49
(1.36)
            	45
(1.18)
            	39
(0.86)
            	41
(0.89)
            	44
(0.89)
            	54
(1.12)
            	24 
(1.91)
            	440
(0.92)
          

          
            	Huntington
            	2
(0.27)
            	2
(0.22)
            	2
(0.25)
            	5
(0.53)
            	1
(0.10)
            	3
(0.27)
            	5
(0.42)
            	1
(0.08)
            	6
(0.41)
            	3
(0.21)
            	12
(0.38)
            	9
(0.30)
            	8
(0.26)
            	6
(0.17)
            	15
(0.39)
            	16
(0.35)
            	12
(0.26)
            	22
(0.44)
            	17
(0.35)
            	0 
(0.00)
            	147
(0.31)
          

          
            	Vascular dementia
            	3
(0.40)
            	1
(0.11)
            	4
(0.51)
            	2
(0.21)
            	3
(0.30)
            	4
(0.36)
            	2
(0.17)
            	4
(0.30)
            	6
(0.41)
            	2
(0.14)
            	6
(0.19)
            	4
(0.14)
            	6
(0.20)
            	6
(0.17)
            	11
(0.29)
            	15
(0.33)
            	6
(0.13)
            	14
(0.28)
            	8
(0.17)
            	1 
(0.08)
            	108
(0.23)
          

          
            	Lewy Body
            	3
(0.40)
            	1
(0.11)
            	2
(0.25)
            	0
(0.00)
            	2
(0.20)
            	1
(0.09)
            	2
(0.17)
            	3
(0.23)
            	3
(0.21)
            	2
(0.14)
            	4
(0.13)
            	3
(0.10)
            	7
(0.23)
            	4
(0.11)
            	9
(0.24)
            	11
(0.24)
            	9
(0.20)
            	14
(0.28)
            	5
(0.10)
            	5 
(0.40)
            	90
(0.19)
          

          
            	Neurofibrillary Tangles
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	3
(0.30)
            	1
(0.09)
            	1
(0.08)
            	2
(0.15)
            	0
(0.00)
            	1
(0.07)
            	4
(0.13)
            	1
(0.03)
            	3
(0.10)
            	2
(0.06)
            	4
(0.10)
            	2
(0.04)
            	3
(0.07)
            	3
(0.06)
            	1
(0.02)
            	2 
(0.16)
            	33
(0.07)
          

          
            	Creutzfeldt-Jakob Dementia
            	0
(0.00)
            	0
(0.00)
            	1
(0.13)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	1
(0.08)
            	2
(0.15)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	2
(0.07)
            	0
(0.00)
            	1
(0.03)
            	1
(0.03)
            	2
(0.04)
            	1
(0.02)
            	4
(0.08)
            	1
(0.02)
            	0 
(0.00)
            	16
(0.03)
          

          
            	Klüver-Bucy Syndrome
            	0
(0.00)
            	1
(0.11)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	2
(0.06)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	0
(0.00)
            	1
(0.02)
            	0
(0.00)
            	0
(0.00)
            	0 
(0.00)
            	4
(0.01)
          

          
            	# of total articles on dementia
            	61
(8.18)
            	57
(6.32)
            	71
(9.01)
            	75
(7.98)
            	66
(6.59)
            	94
(8.48)
            	109
(9.14)
            	167
(12.54)
            	149
(10.30)
            	412
(9.90)
            	304
(9.65)
            	273
(9.23)
            	293
(9.53)
            	335
(9.32)
            	228
(5.97)
            	418
(9.21)
            	365
(7.91)
            	430
(8.66)
            	454
(9.42)
            	150
(11.92)
            	4,367
(9.16)
          

          
            	# of total articles by year
            	746
            	902
            	788
            	940
            	1,002
            	1,108
            	1,193
            	1,332
            	1,447
            	1,434
            	3,150
            	2,958
            	3,076
            	3,596
            	3,816
            	45,38
            	4,612
            	4,965
            	4,820
            	1,258
            	47,681
          

        

        
          
            Note. Numbers in parenthesis indicate % out of number of total articles by year (the last row of the table).
          

        

        

        
          
          

          Figure 3. 
				
          

          
            A graph of study productivity regarding different dementia conditions by year
          
          

          

        

      

      
        3. Associations Among Dementia and Other CSD Conditions in Research
        To discover which CSD conditions shared their areas with dementia or vice versa, co-occurrence analysis was conducted. Figure 4 visually represents the associations among the sub-group structure of dementia and other CSD conditions. Conditions in a sub-group, which were associated with lines and presented in the same color, indicates a significant amount of research regarded the paired conditions in the same study. A total of seven groups of CSD conditions were detected. Overall, the group of dementia and other CSD conditions appeared to have weak relationships in the network. The group with ASD, language impairment, and aphasia were found to consist of the largest groups of researched conditions. A majority of dementia conditions, which highlighted in yellow in Figure 4, were grouped separately from other CSD conditions. This finding implies that major study topics, such as ASD, language impairment, and aphasia, in the field of CSD had not actively involved dementia.

        
          
          

          Figure 4. 
				
          

          
            Co-occurrence network of conditions involved in communication sciences and disorders based on modularity (node=34, edge=40, D=.071)
          
          

          

        

        Only a few specific CSD conditions were discussed in connection with dementia. PPA was found to be the only dementia condition that was associated with the dementia group, showing relatively stronger associations with AD, unspecified dementia, and frontotemporal dementia. This result refers that unlike other dementia conditions PPA is relatively often studied in relation with CSD conditions. At the same time, PPA is also more frequently addressed with the three dementia studies. Other CSD conditions that appeared to have been closely discussed regarding dementia were amyotrophic lateral sclerosis (ALS) and mild cognitive impairment (MCI). Although studies regarding these two conditions were not significant in amount, these conditions were closely discussed in connection with dementia in the field of CSD.

      

    

    

  
    
      Ⅳ. Discussion
      The overarching aim of this study was to investigate the current status of dementia research in the field of CSD by using text mining techniques. Specifically, the first purposes of this study was to investigate the quantity of dementia research compared to research on other CSD conditions. Although a relative scarcity of dementia research compared to other CSD conditions such as ASD and aphasia, CSD researchers have started to pay more attention to dementia. This trend is found in other areas of study such as medicine and psychiatry (Theander & Gustafason, 2015), gerontology (Shen et al., 2019), and nursing (Roh, 2008). Among all dementia types, AD comprised the largest portion of dementia research, when excluding research that unspecified types of dementia were studied. This is not surprising given that AD is the leading cause of dementia that accounts for 60 to 80 percent of all dementia cases (Alzheimer’s Association, n.d.). It is vital to continue to increase the amount of high-quality research on dementia in the field of CSD given that a considerable number of SLPs and audiologists are currently working with PwD, with the caseload expected to increase.

      The second purpose of the current investigation was to explore associations between dementia and other CSD conditions in research. Interestingly, dementia appeared to be studied in a separate context. PPA was the only dementia condition that was frequently associated with a particular group of communication disorders – aphasia. The strong association between PPA and aphasia in CSD research may be due to the overlapping characteristics of dementia and aphasia that people with PPA experience. Since Pick (1892) first described a language disorder associated with atrophy of the frontal and temporal regions in the dominant hemisphere, researchers have renamed and/or recategorized the disorder to better capture its underlying symptoms: slowly progressive aphasia then primary progressive aphasia by Mesulam (1982); semantic dementia by Snowden et al. (1989) and, progressive nonfluent aphasia by Grossman et al. (1996). This implies that researchers were unsure of this disorder’s category – is this aphasia or dementia? Finally, a group of researchers attempted to build concrete criteria (Neary et al., 1998) but the category of PPA remained unclear. Some categorized it as semantic dementia or progressive nonfluent aphasia, and there is another variant, logopenic progressive aphasia, a relatively new variant described and defined by Gorno-Tempini et al. (2004). Although typical features of PPA have not been reached to a clear consensus (Gorno-Tempini et al., 2004), PPA nowadays is considered a type of dementia, FTD in particular, given heterogeneous biomarkers (e.g., TDP-43) and its progressive language and behavioral impairments that are more par for the course of dementia rather than aphasia. However, for a person to meet the criteria of PPA, the person should show aphasic deficits at the time of examination (Mesulam et al., 2009). Other than PPA, ALS and MCI were also found to have an association with dementia, although non-significant. This is not startling because MCI increases the risk of developing dementia (Luck et al., 2012; Manly et al., 2008; Ravaglia et al., 2008). Similarly, clinical studies of cognitive and behavioral impairments in ALS showed that about 20% of people with ALS exhibit dementia, and 30% of them have cognitive impairments that are not dementia (Lomen-Hoerth et al., 2003; Murphy et al., 2007).

      Despite the increasing number of publications on dementia in CSD, dementia was found to have no significant association with speech, language, or hearing impairments. Further research needs to be directed towards expanding knowledge in dementia, specifically applicable in the field of CSD. Although the majority of studies, based on the search for the current investigation, focused on AD, other types of dementia should also be investigated given that different types of dementia are associated with different areas of speech and/or language impairments. However, different types of dementia affect human speech and language (Braaten et al., 2006) in divergent ways. Therefore, investigating the speech and language characteristics of different types of dementia may be an early or a differential diagnostic factor as seen in Forbes et al. (2002), Grossman & Ash (2004), and Abdalla et al. (2017). Given this finding, there have been investigations on the detection of speech and language impairments in PwD. To briefly summarize, studies on speech and language impairments found following symptoms associated with a specific type of dementia: AD with word-level impairments such as word-finding, naming, and word comprehension; vascular dementia with those found in AD as well as incomprehensible speech and decreased complexity; Lewy body disease with language disorders, including the symptoms of AD and Parkinson disease dementia (PDD); PDD with non-articulate, slow, and non-grammatic speech and decreased verbal fluency; PPA with slow and hesitating speech, worsening understanding of complex speech, loss reading and writing; semantic dementia with representatively a lack of vocabulary (Klimova & Kuca, 2016). In addition, people with AD commonly show apraxia of speech (Chandra et al., 2015), and dysarthria is common in PDD (Klimova & Kuca, 2016). Recently, researchers have focused on machine learning to identify the speech and language impairments associated with a specific type of dementia more accurately and efficiently (Balagopalan et al., 2018; Fraser et al., 2016; Haider et al., 2019; Hernandez-Dominguez et al., 2018; Mirheidari et al., 2018; Orimaye et al., 2017; Pompili et al., 2020; Tanaka et al., 2017; Zargarbashi, & Babaali, 2019; Zhigiang et al., 2019; Zhu et al., 2019).

      Not only does PwD show speech and language impairments, but they also experience hearing impairments. It is noteworthy that dementia was found not to co-occur with hearing impairment in CSD research despite the high prevalence of age-related hearing impairment: 25% of people between ages 60 and 69, 55% of those aged 70 to 79, and approximately 80% of those older than 80 (Lin et al., 2011). Hearing loss is related to incident dementia, regardless of the independent types (Kim et al., 2018; Lin et al., 2011; Uhlmann et al., 1989). More significantly, hearing loss expedites cognitive decline in PwD (Gurgel et al., 2014) and hearing aids do not prevent deterioration in cognitive functioning (Allen, 2003). Thus, CSD scholars must disseminate more knowledge of dementia and hearing loss relevant to clinical and educational services for PwD and their caregivers, as stated in audiologists’ scope of practice defined by ASHA (ASHA, 2018).

      Some limitations of the investigation should be addressed in future studies. First, the current study explored a broad set of research questions to provide a birds-eye view of state-of-the-art dementia research in CSD. Future studies using text mining techniques to answer more specific research questions that contribute to theoretical and clinical advances are warranted. Second, the underlying reasons for the weak relationship between dementia and speech, language, and/or hearing impairment were not explored in this study. It may be attributed to the limited search period (2000~2019), or limited clinical research on language, communication impairments in dementia, especially non-AD types, as Ferris and Farlow (2013) addressed. Studies investigating what factors shape the weak relationship between dementia and other CSD conditions may be beneficial for building a bridge between the two parties and ultimately for better-incorporating dementia into the field of CSD.

      In sum, this study presents a relatively novel approach to quantitatively demonstrate the current state of dementia research in CSD. Based on the findings of the study, it is encouraged to produce more publications on dementia in CSD to expand knowledge about dementia from the perspectives of communication science and clinical contexts for SLPs and audiologists.

    

    

  
    
      

      
        
          
          

          
            Appendix 1. 
				
            

            
              List of terms related to SLP and dementia conditions in Table 1
            
            

          

          
            
              
                	Rank
                	Condition
                	# of articles
                	%
                	Rank
                	Condition
                	# of articles
                	%
              

            
            
              	 1
              	Language impairment
              	5,908
              	12.39
              	28
              	Mild cognitive impairment
              	446
              	 .94
            

            
              	 2
              	Autism spectrum disease
              	5,492
              	11.52
              	29
              	Primary progressive aphasia
              	440
              	 .92
            

            
              	 3
              	Hearing impairment
              	3,224
              	 6.76
              	30
              	Cleft lip and/or palate
              	434
              	 .91
            

            
              	 4
              	Aphasia
              	2,806
              	 5.88
              	31
              	Ataxia
              	429
              	 .90
            

            
              	 5
              	Speech impairment
              	2,496
              	 5.23
              	32
              	Tremor
              	375
              	 .79
            

            
              	 6
              	Developmental delay
              	2,161
              	 4.53
              	33
              	Down syndrome
              	372
              	 .78
            

            
              	 7
              	Dyslexia
              	1,893
              	 3.97
              	34
              	Broca's aphasia
              	368
              	 .77
            

            
              	 8
              	Specific language impairment
              	1,885
              	 3.95
              	35
              	Agrammatism
              	330
              	 .69
            

            
              	 9
              	Dementia
              	1,700
              	 3.57
              	36
              	Sclerosis
              	290
              	 .61
            

            
              	10
              	Stroke
              	1,634
              	 3.43
              	37
              	Agraphia
              	272
              	 .57
            

            
              	11
              	Alzheimer's disease
              	1,361
              	 2.85
              	38
              	Memory impairment
              	259
              	 .54
            

            
              	12
              	Cochlear implant
              	1,358
              	 2.85
              	39
              	Amyotrophic lateral sclerosis
              	206
              	 .43
            

            
              	13
              	Parkinson disease
              	1,306
              	 2.74
              	40
              	Fragile X syndrome
              	186
              	 .39
            

            
              	14
              	Motor impairment
              	1,272
              	 2.67
              	41
              	Huntington's disease
              	147
              	 .31
            

            
              	15
              	Dyskinesia
              	1,236
              	 2.59
              	42
              	Vertigo
              	134
              	 .28
            

            
              	16
              	Deaf
              	1,216
              	 2.55
              	43
              	Aprosodia or dysprosodia
              	128
              	 .27
            

            
              	17
              	Communication disorder
              	1,164
              	 2.44
              	44
              	Velopharyngeal insufficiency/disorder
              	116
              	 .24
            

            
              	18
              	Dysarthria
              	1,070
              	 2.24
              	45
              	Vascular dementia
              	108
              	 .23
            

            
              	19
              	ADHD
              	 983
              	 2.06
              	46
              	Right hemisphere damage
              	 97
              	 .20
            

            
              	20
              	Stuttering
              	 966
              	 2.03
              	47
              	Lewy Bodies dementia
              	 90
              	 .19
            

            
              	21
              	Dysphagia
              	 957
              	 2.01
              	48
              	Agnosia
              	 71
              	 .15
            

            
              	22
              	Bilingual
              	 893
              	 1.87
              	49
              	Neurofibrillary tangles
              	 33
              	 .07
            

            
              	23
              	Phonological disorder
              	 762
              	 1.60
              	50
              	Akinesia
              	 26
              	 .05
            

            
              	24
              	Apraxia or dyspraxia
              	 739
              	 1.55
              	51
              	Creutzfeldt-Jakob dementia
              	 16
              	 .03
            

            
              	25
              	Presbyphonia
              	 622
              	 1.30
              	52
              	Visual memory impairment
              	 10
              	 .02
            

            
              	26
              	Traumatic brain injury
              	 488
              	 1.02
              	53
              	Klüver-Bucy syndrome
              		4
              	 .01
            

            
              	27
              	Frontotemporal dementia
              	 468
              		.98
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