Regular and irregular forms: evidence from Parkinson’s and Alzheimer’s disease in Slovene-speaking individuals
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ABSTRACT

According to the Declarative/Procedural Model (Ullman et al. 1997), declarative and procedural memory play a specific role in the production of irregular and regular forms (REG: talk-ed, IRR: went, respectively). In Parkinson’s disease (PD), where procedural memory is impaired, and Alzheimer’s disease (AD), where declarative memory limitations are manifested, the production if (ir)regular forms has been widely investigated leading to contradictory results. The current study reports evidence from Slovene-speaking PD and AD patients, by examining the production of (ir)regular forms in the formation of number (singular vs. plural), tense (present, past, future) and grammatical aspect ((perfective vs. imperfective). Participants performed worse than the control group, but no dissociation between regular and irregular forms was observed, suggesting that declarative and procedural memory are possibly involved in linguistic process, but they might not play a crucial role in the production of (ir)regular forms.  
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1. INTRODUCTION

 AD is a neurodegenerative disease characterized by impairment in temporal lobe structures (Braaten et al., 2006). Dysfunction in declarative memory (semantic and episodic), rooted in temporal lobe structures, is manifested early on the disease. Procedural memory (rooted in basal ganglia) is considered to be relatively preserved (Gabrieli, 1998). Language abilities are affected during all stages of the disease with patients having difficulties in both production and comprehension of grammatical and semantic aspects of language. Fyndanis et al. (2013) report impaired tense and grammatical aspect (perfective “played”, imperfective “I was playing”) production and comprehension in Greek-speaking mild-AD patients Roumpea et al. (2019) observed similar language performance in mild-AD patients. Concerning semantic aspects of language, Kim and Thompson, 2004 report noun and verb naming deficits in AD. Language impairment in individuals with AD results from declarative memory (mainly semantic memory) limitations (Braaten et al. 2006) and working memory impairment (Kensinger et al. 2003). 
PD is a neurodegenerative disorder characterized by loss of dopamine in the basal ganglia and degeneration of subcortical frontal structures. These areas sustain procedural memory which has been found to be impaired in PD (Gabrieli, 1998). Declarative memory (temporal lobe) is considered to be preserved (Gabrieli, 1998). Macoir et al. (2013) mention that individuals with PD mainly display motor system dysfunction, but language deficits are also observed (e.g. difficulties in sentence comprehension and production), while semantic features (e.g. word recognizing) remain unimpaired. Basal ganglia impairment has been assumed to affect PD patients’ language abilities. More specifically, PD patients’ language limitations are attributed to degraded procedural memory which is responsible for the computation of rule-based linguistic procedures.   
2. LINGUISTIC BACKGROUND AND BACKGROUND RESEARCH
2.1. Regular and Irregular morphology in Slovene
Slovene is a language with rich morphology and manifests both regular and irregular forms in multiple domains, such as number (singular vs. plural), tense (present tense) and grammatical aspect (perfective vs. imperfective). Grammatical aspect conveys information about how a situation took place in time. Perfective aspect (I walked) presents a non-durative situation, while imperfective presents (I was walking) a durative situation.
The regular formation of the above categories is either by suffixation or by prefixation (Herrity, 2015). Suffixation is a morphological operation where a morpheme (e.g. –ed) is attached to the end of a word (stem e.g. walk) [walk + ed ( walked (English past tense)]. Prefixation is a morphological operation where a morpheme (e.g. un-) is attached to the front part of a word (stem e.g. lock) (un + lock ( unlock). While present tense and number are regularly formed by suffixation (delatiinf – delam1sing “to work – I work”, mizasing – mizepl “table – tables”), in the formation of aspect, the corresponding perfective form of an imperfective infinitive is usually formed by prefixation (risatiimperf – narisatiperf “to draw – to finish drawing”). However, irregular forms in the formation of, tense, number and grammatical aspect are also observed, such as as “itiinf – grem1sing “to go – I go”, človeksing – ljudjepl “human - humans” and metatiimperf – vrečiperf “to throw – to finish throwing”, respectively.
2.2. Background research and predictions for PD and mAD

Concerning the processes of regular and irregular forms, one of the proposed models is the Declarative/Procedural Model (D/PM) by Ullman et al. (1997). According to D/PM, the declarative memory (temporal lobe structures) stores and processes lexical information and is responsible for the production of irregular forms (go ( went), while procedural memory (basal ganglia) processes grammatical rules, thus it is responsible for the production of regular forms (walk ( walked).  
The process of regular and irregular forms, as suggested by the D/PM, has been widely investigated with studies leading to mixed results. Ullman et al. (1997) found irregular forms of English past tense (I taught) to be impaired in AD individuals, but better preserved in PD, while regular forms (I played) were better preserved in AD individuals compared to PD. The authors claimed that degeneration of declarative memory in AD and impaired procedural memory in PD might explain these results (D/PM). The same findings and rationale are reported for PD and AD patients in Cameli et al. (2005). 
However, there are several studies which failed to replicate the D/PM. Macoir et al. (2013) found that French-speaking PD patients’ performance did not differ for regular and irregular verbs in experimental conjugation tasks. The authors suggest that basal ganglia, where procedural memory is rooted, interfere with language processing but do not play a specific role in verb production as proposed by the D/PM. Similarly, Terzi et al. (2005) and Penke and Wimmer (2018) report that Greek-speaking and German-speaking PD individuals showed no dissociation between regular and irregular verbs. The authors claimed that there was no evidence for a selective deficit affecting the production of regular forms, suggesting that basal ganglia and procedural memory do not play a crucial role in the production of regular forms as proposed by the D/PM. 
Motivated by the above contradictory results, in the present study we investigate the production of regular and irregular forms in Slovene language in the categories of number, tense and grammatical aspect. While the production of regular and irregular forms has been examined widely in other languages (e.g. English), to our knowledge there is no evidence from Slavic languages. This study is one of the first attempts to investigate the issue of nominal and verbal (ir)regularity in Slovene. Furthermore, we will examine whether the production of Slovene regular and irregular morphology is supported by the D/PM (Ullman et al., 1997). 

Concerning AD, we expect that declarative memory decline will lead participants to have difficulties in producing the irregular forms of all the under examination categories (number, tense and grammatical aspect). The irregular forms are supposed to be retrieved directly from the declarative memory and they are not subject to grammatical rules. On the other hand, procedural memory impairment in PD participants might lead them to perform better in producing irregular forms of number, tense and grammatical aspect compared to regular ones. This is expected based in the fact that in order to produce regular forms application of grammatical rules is needed. Procedural memory limitations might cause difficulties in applying grammatical rules to PD. Finally, differences among the categories of number, tense and grammatical aspect might arise due to the different morphological operations (suffixation or prefixation) used in their formation.
3. METHODOLOGY
3.1 Participants
Five individuals with no neurological impairments (4 female, 1male), 5 no-dementia PD (all males) and 6 mild-AD (henceforth mAD, all females) all native-Slovene speakers participated in this study. PD and mAD participants were recruited at the Neurological clinic of Ljubljana, all diagnosed by a qualified neurologist, while the healthy participants were recruited from an Elderly Care House in Ljubljana “Dom starejših občanov Ljubljana-Bežigrad”. Participants were matched when it comes to age and years of education. The Mini Mental State Examination (MMSE) was administered to all participants to collect more information about their cognitive profile. Table 1 provides detailed information on participants’ demographics as well as their scores in the neuropsychological task.
Table 1: Participants’ demographic and neuropsychological information. Standard deviations are given in parentheses. T-scores, p-values and Degrees of Freedom (df) from independent samples t-tests comparing the groups are also reported.
	
	PD
	mAD
	Control Group

	Mean age
	77.6
	82.5
	73.6

	Education level
	13.2 (1.7)
	12.8 ()
	12.8 (4.3)

	MMSE
	27.0 (1.8)
	19.5 (3.0)
	28.2 (1.3)

	
	
	
	

	
	Statistical Comparisons
	
	

	
	PD vs. mAD
	PD vs. Control group
	mAD vs. Control Group

	Mean age
	t= .943, p= .370, df= 9 
	t= -.618, p= .554, df= 8
	t= 1.833, p= .100, df= 9

	Education level
	t= -.619, p= .551, df= 9
	t= .189, p= .855, df= 8
	t= -.218, p= .832,df= 9

	MMSE
	t= -4.817, p< .01, df= 9
	t= 1.177, p= .273, df= 8
	t= -5.960 p< .01, df= 9


3.2 Stimuli and Experimental task
Our stimuli consist of 23 verbs [11 regulars, 12 irregulars and 6 nouns (3 regulars, 3 irregulars)]. A sentence-completion task was designed and it included 29 pairs of source sentences (SS) and target sentences (TS): 6 of them designed to test number, i.e. singular vs. plural (3 regulars, 3 irregulars), 14 tested present tense (6 regulars, 8 irregulars) and 9 tested aspect (5 regulars, 4 irregulars/ 5 perfective, 4 imperfective).  The SS and the TS were presented simultaneously to the participants. The SS differed from the TS only to the point that it was necessary to trigger the production of the target verb or noun forms. The sentence in (1) is an example of producing regular tense. 

(1) SS: Hoditi v šolo je pomembno. (To go to school is important)   

      TS: Maja zdaj hodi v prvi razred. Now, Maja is now going to the first grade).
3.3 Procedure
Power Point was used to present the experimental materials to the participants. Each pair of sentences (SS and TS) were presented separately to the participants. At the beginning of the experimental procedure, participants were provided with instructions of how to complete the task. 3 pairs of sentences that were not included in the stimuli were used as examples in order to get participants familiar with the task. Participants’ responses during the trial period were not taken into account in the analysis. Participants had to complete the right form of the missing noun or verb. The task was off-line and participants had as much time as they needed in order to complete the sentence.

4. RESULTS
For the statistical analysis of the results we performed the Fisher’s exact test. In all statistical comparisons, participants’ responses were treated as the dependent variable, while the different participants’ groups (PD, mAD, controls), number (singular vs. plural), grammatical aspect (perfective, imperfective) and tense (present) were treated as the independent variables.  
Groups’ percentages of correct responses are illustrated in Figure 1. mAD group performed lower (74.% correct responses) than PD group (94.5% correct responses) and control group (98.5% correct responses), with mAD being statistically worse (p< .01, in all comparisons) compared to both PD and control group, while PD group was equally well (p= .103). 
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Figure 1: Performance (% correct) in the sentence-completion task of PD, mD and control groups.
Participants’ correct responses in regular and irregular forms are presented in Figure 2. No dissociation between regular and irregular verbs was observed both for individuals with mAD and PD (p> .05 and p= .863, respectively).
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Figure 2: Individuals’ with PD and mAD erformance (% correct) in regular and irregular forms.
mAD performance (% correct) in regular and irregular forms with respect to number, tense and grammatical aspect is illustrated in Figure 3. No statistically significant difference between regular and irregular forms was found in number, tense and grammatical aspect (p> .05, in all comparisons). Concerning the performance in the different grammatical categories, in number the highest scores was achieved, followed by tense and aspect, where participants performed lower. This difference reached significance, with aspect being statistically worse compared to both tense and number (p= .039, in all comparisons). 
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Figure 3: Individuals’ with mAD performance (% correct) with respect to plural, tense and aspect. 
Error analysis revealed that mAD participants had no difficulty in producing the present tense of regular (delatiinf – delam1sing) and irregular verbs (itiinf – grem1sing). In detail, participants were able to use correctly the appropriate suffix to form the present tense of both regular and irregular verbs. The most frequent mistake in the category of tense was the substitution of the target irregular form with a regular one of a verb that was semantically close to the target one and correctly formed [hodim (regular, I am walking) vs. grem (irregular, I am going)]. Regarding aspect, in regular verbs mAD individuals tended to produce the imperfective form of the verb instead of the perfective target (napisalaperfective ( pisalaimperfective). In irregular verbs participants tended either to produce the no-target aspect category ((jemaliimperfective ( vzeliperfective) or to substitute the target verb with another irregular semantically related verb.   
5. DISCUSSION
In this study we investigated the production of regular and irregular forms as they are manifested in the categories of number (singular vs. plural), tense (present tense) and grammatical aspect (perfective and imperfective). With this study, we attempt to contribute to the existing literature on the irregularity issue by bringing evidence from Slovene, where (ir)regularity is manifested in multiple domains. 

Concerning the overall performance of mAD, PD and control groups, only individuals with mAD were found statistically impaired in the production of regular and irregular forms compared to both PD and control groups, while PD’s group performance was equal to the control’s group. Moreover, in mAD group no dissociation between regular and irregular forms was observed. The current findings do not support the D/PM, contra to studies that replicated it (Cameli et al. 2005). On the other hand, our results are in line with studies that failed to support the D/PM and suggested that declarative and procedural memory are involved in language processing but they might not play a specific role in (ir)regular forms production (Macoir et. al., 2013).
The lack of dissociation between regular and irregular forms in Slovene might be explained by the fact that Slovene is a morphologically rich language. In detail, contrary to English, grammatical rules are applied both to regular and irregular forms. Suffixation is applied to form the regular plural (mizasing – mizepl “table – tables) and present tense (delatiinf – delam1sing “to work – I work”), while prefixation to form the perfective aspect (risatiimperf – narisatiperf “to draw – to finish drawing”). However, suffixation is also applied to irregular forms of number, present tense and grammatical aspect due to the fact that Slovene manifests agreement (case, person, gender etc.), thus after retrieving the irregular forms from declarative memory, speakers need also to apply grammatical rules according to agreement (see Terzi et al, (2005) for a similar explanation for Greek-speaking PD patients). 
Regarding individuals with mAD performance in number, tense and grammatical aspect, difficulties in completing the perfective form of regular verbs, might suggest an impairment in producing the aspectual prefix. Morphology of number and tense (both formed by suffixation) seems to be spared. These findings are in line with Kavé & Levy (2004) who report impaired prefixation and preserved suffixation in AD. Nonetheless, aspect has been found to be impaired compared to tense, in languages that use suffixation to form it (Fyndanis et al., 2013 for Greek). Thus, further research is needed to clarify whether morphological or other factors (e.g. semantics) might interfere with clinical populations’ ability to produce aspect. 
To sum up, the current study is one of the first attempts to investigate the issue of irregularity in Slovene. Our findings do not support the proposed D/PM (Ullman et. al., 1997) for the production of regular and irregular forms, suggesting that PD and mAD individuals’ difficulties in regular or irregular forms are not directly connected with declarative and procedural memory limitations. Finally, due to the small sample of participants and stimuli further research is needed to come up with more accurate results regarding the issue of irregularity in Slovene.
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