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INTRODUCTION 

 

Relevance of the research 

 

By means of evolved or learned psychological mechanisms all living beings 

constantly solve problems of varying complexity. The decisions that are being made 

must be adaptive, that is, increase survival of populations or species (Barrett, 2008). In 

case of escaping a threat or hunting prey, movement coordination, planning or spatial 

apprehension are useless if they are not swift enough. So the speed of cognitive task 

performance is undoubtedly essential for individual and species survival. 

In 21st century, speed is still important for human cognitive efficiency. In cognitive 

psychology and neuropsychology this measure of psychic activity was referred to as 

psychic tempo, but is now referred to as information processing speed (IPS). A certain 

level of information processing speed is required in everyday tasks (Gross, Rebok, 

Unverzagt, Willis, & Brandt, 2011), and tasks requiring quick reactions, for example, 

driving a car (Edwards et. al., 2009). IPS is also important in professions associated with 

speed and efficiency demands, for example, pilots (Kennedy et. al., 2013), surgeons 

(Gettman et. al., 2003), military (Laurence & Matthews, 2012), athletes (Finch & 

Zelinski, 2005). Furthermore, IPS plays a crucial role in development across the lifespan 

from birth to old age. Results from existing research show that early psychomotor 

abilities (Piek, Dawson, Smith & Gasson, 2008), school achievement (Dodonova, & 

Dodonov, 2012), academic performance (Rohde & Thompson, 2007), work success 

(Lang, Kersting, Hulsheger, & Lang, 2010), and even usage of technology in old age 

(Czaja & Lee, 2007) are all related to IPS. 

IPS is measured using reaction time, decision time or other cognitive tasks that 

virtually all test-takers would be able to solve correctly given enough time to work on 

them. Analyzing intercorrelations between different measures of IPS and relations 

between IPS measures and other cognitive domains are essential for understanding 

human cognitive structure and IPS role in it (Salthouse, 2000, Deary & Stough, 1996; 

Bors & Forrin, 1995; Carroll, 1993; Catts, Gillispie, Leonard, Kail, & Miller, 2002; 
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Helmbold, Troche, & Rammsayer, 2007). Furthermore, many researchers are analyzing 

different demographic, health and psychosocial correlates of different factors of IPS. 

Actually one of the main reasons of interest in IPS is the fact that age-related 

decline in information processing speed is seen as the basic process of cognitive aging 

(Borella, Ghisletta, & de Ribaupierre, 2011; Kail & Salthouse, 1994; Lee et al., 2012; 

Salthouse, 1992; Salthouse, 1996). It has been shown that IPS decline might be a 

fundamental feature mediating cognitive decline in other domains. IPS performance 

grows rapidly up until early 20s and declines slowly later resembling an inverted letter 

U. Research analyzing these phenomena is very important due to decline in birth rate and 

rapid aging of the western world. 

Life course prevalence of mental illness also increased due to rapid aging in 

western society. Mental illness is a serious public health issue. It is estimated that each 

year approximately 38 % of the EU population suffers from mental disorders (Wittchen 

et. al., 2011). Although for some time mental illness was not regarded a serious risk for 

public health as it is rarely a cause of death, now it is being widely accepted to cause 

considerable financial and disability burden, also various psychological and sociological 

problems (WHO, 2006, Wittchen et. al., 2011). Although, without a doubt, psychiatric 

disorders are etiologically and clinically extremely heterogeneous, virtually without 

exception they are related to IPS decline. This relationship is explained by biological 

changes in the organism during the process of aging and mental illness (Kochunov et. al., 

2016). Biological and psychosocial aspects of mental illness are major areas of 

contemporary scientific interest. However, one of important and less analyzed aspects is 

IPS. 

Although IPS has been called a “lower” cognitive function (Bott et. al., 2014, 

Grassi & Borella, 2013, Kaufman, DeYoung, Gray, Brown, & Mackintosh, 2009), 

contemporary research in cognitive psychology reveals the importance of IPS on 

individual differences in general intelligences (Anderson, 2015) and it has even been 

considered to be the main component of intelligences (Anderson, 2001). Furthermore, 

IPS cannot be dissociated form its complex relations with personality, health, or social 

and economic environment. This integration of biological, cognitive, social and 

psychological variables is crucial for understanding IPS correlates and its predictive 

model creation. 



7 
 

This research focuses on certain important theoretical and practical issues. First, 

indicating variables associated with IPS and creating biopsychosocial models of IPS is 

essential because current studies show that IPS is involved in various domains of human 

cognition and behavior. Second, IPS is one of the most important indicators of cognitive 

aging. Relevance of investigating this phenomenon is increased because of population 

aging in western societies (Llewellyn, Lang, Langa, & Huppert, 2008). Third, analyzing 

IPS in mental illness could contribute to understanding of mechanisms underlying 

individual differences in IPS. Fourth, research of structure and cognitive correlates of 

IPS is still developing and could contribute to cognitive models that integrate simple and 

complex IPS as separate cognitive abilities. 

 

Scientific novelty 

 

This work is novel in several ways. First, this work describes an integrated path 

model of relationships between age, mental illness and cognitive abilities at the center of 

which are simple and complex information processing speed constructs. Demographic, 

psychosocial and health variables, as well as age and mental illness are all described as a 

unitary system relating to human functioning. This model is closely linked to Salthouse 

(1996) theory of adult age differences in cognition and other cognitive models 

integrating IPS (Anderson, 2001, Anderson, 2003, Deluca, 2008), also models of active 

and passive cognitive reserve (Stern, 2003, Stern, 2009), and biopychosocial model 

(Smith, Fortin, Dwamena, & Frankel, 2013). 

This work aims to identify demographic, health and psychosocial predictors of 

simple IPS and complex IPS. Importantly, this research shows that even psychosocial 

variables (i.e. subjective socioeconomic status, subjective social connectedness, 

neuroticism) are related not only to complex IPS but also to simple IPS. To our 

knowledge, this is one of the first reports of relationship between social connectedness, 

simple IPS and complex IPS. We suggest that this relationship might be explained in 

terms of evolutionary and neuropsychological mechanisms. Although these relationships 

are relatively weak further investigations are need. We think that many relationships 

identified in the final model deserve further investigation. 
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Second, this research analyzes correlates of simple IPS and complex IPS instead of 

a broader construct of general IPS. Though the idea that tests of cognitive speed measure 

more than one construct of abilities is common and sometimes applied in research, 

evidence for multidimensional structure are still lacking. Also, it is still not clear which 

multidimensional IPS model best fits the data. One of the hypothesis is that IPS can be 

understood in terms of stimulus modality. For example, IPS measures can be divided 

into two categories: verbal and nonverbal. However, this structural model is not well 

supported by contemporary data analysis. On the other hand, two recent studies show 

(Chiaravalloti, Christodoulou, Demaree, & DeLuca, 2003; Cepeda, Blackwell, & 

Munakata, 2013), that it’s not modality that best explains relationships between speed 

measures, but complexity of the data by separating simple and complex IPS constructs. 

Thus, this research is to our knowledge one of the first which analyzes variables related 

to simple IPS and complex IPS. 

Third, we expand Salthouse (1996) theory of adult age differences in cognition to 

mental disorder related cognitive decline. This means that mediational role of IPS is 

being investigated in the relationship between mental disorder and other cognitive 

domains. This investigation is based on an assumption that limited time and simultaneity 

mechanisms that explain age-cognition relationships might be important in mental 

disorder related cognitive decline. It is important to note that neurological mechanism 

that underlie cognitive aging and mental illness do not have to be identical in order for 

cognitive mechanisms to be similar. This research supports the hypotheses that IPS plays 

a mediating role in mental disorder and cognition relationship. 

Fourth, cognitive measurements were performed using computerized 

neuropsychological battery which is a fourth novelty that can not only be used for 

research purposes but also for application in practice. Despite the criticism that 

computerized cognitive testing has received in the beginning of this kind of research, 

today many psychological assessment tools are used in this form. For example, WAIS, 

WAIS-R, and WAIS-III have been used in paper-pencil form for decades, but recently 

computerized version of WAIS-IV was developed. First of all, computerized test 

administration is beneficial in speeded tasks as it allows millisecond accurate timing. 

Furthermore, in computerized testing instructions can readily be presented in a much 

more standardized fashion and the experimenter can focus on monitoring significant 
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deviations from normal procedures and ensuring proper comprehension of the task. 

Lastly, computerized testing not only improves validity and standardization of the 

procedure, but also it is useful in various practical settings with less requirements for test 

preparation and administration. 

Fifth, we applied a few methodological novelties in this research: 1) we used 

structural equation modeling not only for determining the structure of IPS, but also for 

showing structural invariance in age groups and also mental illness. To our knowledge, 

this is one of the first researches to use analysis of invariance of simple IPS and complex 

IPS structure. 2) Composite scores (more than one task per construct) of cognitive 

measures were used in order to compare groups and determine relationships. This 

allowed construct validity and avoiding unintended task-specific relationships. 3) A 

groups of not hospitalized outpatients selected from a general sample was used. Most 

previous research used only in-patients with mental illness. This allowed controlling for 

effects of mental health settings. These and other methodological novelties were used in 

order to understand differences between simple IPS and complex IPS and also to 

determine possible advantages of this division. 

 

Practical significance 

 

A neuropsychological test battery has been created for the purpose of this study. It 

is based on free-license open software, so this neuropsychological battery can be 

implemented in further research. This battery allows measurement of simple IPS, 

complex IPS, also includes different memory tests and mental set-shifting task. 

Furthermore, eleven tasks in this research can be integrated in other batteries fitting the 

purpose of particular research or thesis (for example, Dovydaitytė (2016), Surkevičiūtė 

(2016), Žliobaitė (2016)). This work is in line with opinions from a number of 

researchers, that neuropsychological tests and their data should be shared and made 

available in order to facilitate scientific progress. 

Currently there are major ongoing research projects about aging, physical and 

mental health, that collect multiple micro data including cognitive measures and other 

variables (for example, SHARE project (http://www.share-project.org/)). However, in 

such research there are constrains on how many cognitive measures can be used and 
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usually processing speed is excluded. This and other similar research draws attention to 

importance of information processing speed in aging and mental illness. 

Extended knowledge about information processing speed abilities, their features 

and correlates can be applied in practice. Correlates of IPS could allow optimization of 

work in professions requiring swift responses or decisions. Also, IPS assessment can be 

used in personnel selection or human recourse management. Furthermore, speedy and 

efficient information processing is essential in transportation. 

In addition to what has been said it can be mentioned that study of IPS relations 

with other cognitive domains could be beneficial in understanding cognitive training. 

Currently, IPS based cognitive training programs become popular. Based on IPS 

research more efficient ways of helping traumatic brain injury and dementia patients 

could be developed.  

 

The purpose of this study is to explore the factorial structure of information 

processing speed and to analyze how information processing speed along with memory 

and mental set-shifting are related to age, mental illness, also demographic, health and 

psychosocial variables.  

 

Research questions 

 

1.  Does simple IPS and complex IPS factor structure best fits the data for very 

young adults, young adults, middle aged people, people with mental illness and 

healthy adult groups? 

2. How is age related to simple IPS, complex IPS, memory and mental set-shifting 

abilities? 

3. How is mental illness related to simple IPS, complex IPS, memory and mental 

set-shifting abilities? 

4. How are simple IPS, complex IPS, memory and mental set-shifting abilities 

predicted by demographic, health and psychosocial variables? 
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5. Are age and mental illness relations with simple IPS, complex IPS, memory and 

mental set-shifting abilities mediated or moderated by demographic, health and 

psychosocial variables? 

6. How are simple IPS, complex IPS, memory and mental set-shifting abilities 

predicted by age, mental illness, demographic, health and psychosocial variables 

in a general model? 

 

Propositions to be defended 

 

1. Simple IPS and complex IPS factor structure best fits the data for very young 

adults, young adults, middle aged people, people with mental illness and healthy 

adult groups.  

2. Simple IPS, complex IPS, memory and mental set-shifting are directly and 

indirectly predicted by age, mental illness, also demographic, health and 

psychosocial factors. 

3. Relationship of age and mental illness with simple IPS, complex IPS, memory 

and mental set-shifting is mediated and/or moderated by demographic, health and 

psychosocial factors  

4. Simple IPS is a very important mediator in relationship between prognostic 

variables, such as age or mental illness, and cognitive abilities.   
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METHODOLOGY 

 

Participants and procedures 

 

The final sample was composed of 556 subjects. Study sample was a convenience 

sample. Overall, the sample was mostly comprised of women (63.8 %), ages from 18 to 

65 years (M = 33.60, SD = 12.86), they were Lithuanian native speakers (85.3 %), 

working (50.2 %) and single (not married and doesn’t live with a partner, 41.4%). All 

participants spoke Lithuanian, had normal or corrected eyesight, did not have self-

reported hand injuries, and gave verbal informed consent. The study in clinical inpatient 

groups was approved by the Bioethics Committee, Vilnius University Faculty of 

Medicine (No. 158200-15-788-328). The Control Group (CG) (N = 381) was an 

opportunistic sample of students from Vilnius University and Lithuanian University of 

Educational Sciences and mostly their family, relatives and friends who did not report 

any history of mental or neurological disorders and completed a full neuropsychological 

test battery. General clinical sample of mental illness was composed of three smaller 

samples. The first clinical sample (N = 33) was comprised of individuals with self-

reported history of mental disorder also selected during the same sampling procedure as 

the control group, but reporting a history of mental disorder diagnosis in adulthood. 

Individuals in this group most frequently reported having a diagnosis of depression. The 

second clinical sample (N = 35) was comprised of individuals who were diagnosed with 

mild-moderate (F10-F99, except F20-F29) mental disorder who were treated in mental 

health center during testing, all of these patients were having psychopharmacological 

treatment. Most of the participants were diagnosed with depression (F32). The third 

clinical sample was comprised of individuals who were diagnosed with severe (F20-F29) 

mental disorder who were treated in mental health center, all of these patients were also 

having psychopharmacological treatment and were much less likely to receive 

psychotherapeutic treatment than the second clinical sample. Most of the participants in 

this group were diagnosed with paranoid schizophrenia (F20.0). The groups did not 

differ in age, years of education or gender proportion.  
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Instruments 

 

Neuropsychological test battery that is used in this study was designed to measure 

simple IPS, complex IPS, memory and set-shifting cognitive ability domains. Overall 

participants completed eleven PEBL (The Psychology Experiment Building Language) 

open source software (Mueller, 2010; Mueller & Piper, 2014) based computer 

administered tasks. 

 

Simple information processing speed: 

 Rotor pursuit task (RPT) is a sensimotor and hand-eye coordination ability 

dependent task (Larrabee, 2014). Subjects are asked to track a red circle moving steadily 

around a circular path and keep a mouse button on the path at all times.  

 Finger tapping test (FTT) is a classical simple motor skill task (Witt, Laird, 

& Meyerand, 2008). Subjects are asked to tap the keyboard button as quickly as possible. 

There are 2 10-second dominant hand and 2 10-second non-dominant hand trials. FTT 

score is the mean number of taps in all four trials.  

 Choice reaction time task (CRT) is a commonly used reaction time task 

(e.g., Albinet, Boucard, Bouquet, & Audiffren, 2012). Participants have to respond as 

quickly and accurately as possible to a visually-displayed arrow oriented to the right or 

to the left, by pressing the spatially-compatible key.  

 

Complex information processing speed: 

 Lexical decision task (LDT) measures lexical retrieval speed (Wagenmakers 

et al., 2008). Participants have to respond as quickly and accurately as possible to a 

visually-displayed words or nonwords (misspelled words), by pressing the right key if a 

word is written correctly and left key if it is not a word.  

 Semantic categorization task (SCT) measures semantic processing speed 

(Wagenmakers et al., 2008). First, subject is presented with a category word (e.g., 

animal, furniture, clothes) and after a 350 ms period, one by one, eight words are 

presented that belong or don’t belong to this category. Participants have to respond as 
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quickly and accurately as possible to a visually-displayed words by pressing right key if 

a word belongs to the category and left key if it does not.  

 Object judgement task (OJT) measures speed of generation and 

manipulation of visual images (Jordan, Heinze, Lutz, Kanowski, & Jäncke, 2001). 

Stimuli in this test are Attneave shapes (Mueller, 2010). The subject is shown a study 

shape, followed shortly afterwards by another shape. The second shape can be either 

same as the study shape but rotated or a different shape. Participants have to respond as 

quickly and accurately as possible by pressing the right key if the same as the study 

shape is presented and the left key if it is a different shape.  

 The Tower of London (TOL) move time measure was used to measure the 

planning speed (Anderson, Anderson, & Lajoie, 2010). Subjects were asked to move a 

pile of disks from their original configuration to the configuration shown on the top of 

the screen. They were asked to do the task as quickly and with as little moves as they 

can. 

 

Memory abilities: 

 Forward digit span (FDS) measures the short-term memory span for digits 

(St Clair-Thompson & Allen, 2013). The subject is presented with a sequence of digits, 

one at a time on the screen. Each digit occurs only once during a list. The participant is 

then asked to type the list of digits exactly in the order as it was shown. The shortest list 

length is three digits. The task gradually becomes harder. Participants have 2 trials at 

each length. FDS score is the number of correct answers.  

 Corsi block test (CST) is a visuospatial working memory task (Mueller & 

Piper, 2014). During this task, nine blue squares are presented on the screen. On each 

trial, the squares light up one at a time in a sequence. The participant is asked to 

remember this sequence. When the sequence is finished, the participant is asked to click 

on each square in the same order as it was presented. The shortest sequence length is 

two. The task gradually becomes harder. Participants have 2 trials at each sequence 

length. CST score is the number of correct answers.  

 Yes/No recognition test (YNR) is a verbal recognition task (Khoe, Kroll, 

Yonelinas, Dobbins, & Knight, 2000). In the encoding phase of this test, the subject is 



15 
 

presented with a sequence of 14 words, one at a time on the screen. After seven tasks 

(approximately 30 minutes) in the recognition phase, the subject is presented with 45 

words one by one and is asked to press the right key if the word was presented in the 

recognition phase and the left key if it was not.  

 

Mental set-shifting: 

 Berg “Wisconsin” Card Sorting Test (BCST) is a measure of set-shifting 

ability to generally associated with broader cognitive domains of reasoning, learning and 

executive control (Mueller & Piper, 2014). The subject is asked to categorize the cards 

based on the pictures appearing on them. The correct answer depends upon a rule, which 

the subject does not know. At each trial, feedback is presented. After ten correct 

responses, the rule that determines correct answer changes, so the subject must figure out 

what the rule is as quickly as possible and change with it. BCST scores are the number 

of correct responses (BCST-c) and the number of unique errors that do not match any 

categorization (BCST-u).  

 

In order to test the construct validity of composite scores, confirmatory factor 

analysis was performed. Before conducting this structural equation modelling-based 

analysis, non-normal distributions of raw scores were transformed using logarithmical 

(YNR, BCST-c, LDT) or inverse (TOL, SCT, CRT, BCST-u, OJT) transformations 

(Tabachnick & Fidell, 2013). Four-factor solution yielded results (χ² = 129.724; df = 46; 

p < 0.001; RMSEA = 0.063; CFI = 0.959; TLI = 0.942) best fitting data in comparison to 

other possible models. Test-retest reliability of these composite scores in student sample 

is satisfactory for set-shifting and high for memory, simple and complex IPS. 

 

Big Five Inventory – Neuroticism: 

In order to assess Neuroticism, we used Big Five Inventory (BFI) neuroticism scale 

(John, Naumann, & Soto, 2008). Cronbach‘s internal consistency was high (Cronbach α 

= 0.808). Test-retest reliability was also high (ICC = 0.859, p < 0.001). Confirmatory 

factor analysis was used in order to determine one factor structure. Factor loadings 

ranged from 0.524 to 0.673. Model fit the data (χ2 = 59.872; df = 14; p < 0.001; RMSEA 
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= 0.077; CFI = 0.954; TLI = 0.930), based on commonly used criteria (CFI > 0.90; TLI > 

0.90; RMSEA < 0.10) (Pakalniškienė, 2013). 

 

Subjective social connectedness:  

In order to assess the overall quality and quantity of relationships that individuals 

experience (Mitchinson, Kim, Geisser, Rosenberg, & Hinshaw, 2008), a 7 item 

questionnaire was constructed. Cronbach internal consistency was satisfactory 

(Cronbach α = 0.648). Test-retest reliability was high (ICC = 0.862, p < 0.001). 

Confirmatory factor analysis was used in order to determine one factor structure. Factor 

loadings ranged from 0.283 to 0.587. Model fit the data (χ2 = 30.184; df = 11; p < 0.001; 

RMSEA = 0.056; CFI = 0.956; TLI = 0.916), based on commonly used criteria (CFI > 

0.90; TLI > 0.90; RMSEA < 0.10) (Pakalniškienė, 2013). 

 

Subjective socioeconomic status:  

5 item scale was used to assess to assess subjective beliefs about socioeconomic 

status. Cronbach internal consistency was satisfactory (Cronbach α = 0.680). Test-retest 

reliability was high (ICC = 0.748, p < 0.001). Confirmatory factor analysis was used in 

order to determine one factor structure. Factor loadings ranged from 0.327 to 0.741. 

Model fit the data (χ2 = 20.624; df = 4; p < 0.001; RMSEA = 0.087; CFI = 0.965; TLI = 

0.912), based on commonly used criteria (CFI > 0.90; TLI > 0.90; RMSEA < 0.10) 

(Pakalniškienė, 2013). 

 

Health variables: 

Information about health status was collected. Study participants reported 

subjective physical and mental health on a 6-point scale from very poor to very good. 

Also, they were asked for a number of days they spent in work leave and their working 

capacity. Moreover, subjects reported their height and weight in order to calculate body-

mass index. 

 

Demographic variable: 

Subjects were asked to report age, gender, first language, working status, family 

status, education and neurological or mental illness diagnosis. 
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Data analysis 

 

The data were analyzed using IBM SPSS 22, AMOS 22, and PROCESS. To 

compensate for non-normal distributions, we used data transformations (Tabachnick & 

Fidel, 2013). Data analysis included descriptive statistics, Pearson’s correlation, 

Student’s t test, hierarchical linear regression, confirmatory factor analysis and path 

analysis. PROCESS was used for mediational and moderational analysis (Hayes, 2012). 
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THE MAIN RESULTS 

 

The structure of information processing speed measures 

 

The structure of information processing speed was analyzed by confirmatory 

factor analysis (CFA). The estimation method was the Maximum Likelihood. Four 

theory based models of information processing speed structure were derived from the 

literature and compared using CFA method (Pakalniškienė, 2013). Model 1 consisted of 

one factor which was associated with all seven measures of information processing 

speed and it was based on a premise that relationships between measures of speed can 

best be described by one factor structure (Salthouse, 2000, Deary & Stough, 1996; Bors 

& Forrin, 1995; Carroll, 1993; Catts, Gillispie, Leonard, Kail, & Miller, 2002; 

Helmbold, Troche, & Rammsayer, 2007). Model 2 consisted of two factors. In this 

model information processing speed is divided into simple IPS and complex IPS as 

proposed by Cepeda, Blackwell & Munakata (2013). Simple IPS refers to the speed of 

relatively simple and basic motor, perceptual and other reaction time tasks and complex 

IPS involves speed of relatively complex lexical, semantic, visuospatial or executive 

tasks. The first factor in this model was associated with Rotor pursuit task, Finger 

tapping and Choice reaction time task. Factor two was associated with Lexical decision 

task, Semantic categorization task, Object judgment task and Tower of London speed 

task. Model 3 was also based on research indicating psychomotor and cognitive speed 

being separate (Birren & Fisher, 1995). In this model factor one is composed of Rotor 

pursuit task and Finger tapping task, and factor two is composed of Choice reaction time 

task, Lexical decision task, Semantic decision task, Object judgment task and Tower of 

London speed task. Model 4 was composed of two factors. It was based on literature 

comparing verbal and nonverbal information processing differences in cognition and 

analyzing their biological underpinnings (Lawrence, Myerson, & Hale, 1998). Verbal 

speed factor was composed of Lexical decision task and Semantic decision task, and 

Nonverbal speed factor was composed of Rotor pursuit task, Finger tapping, Choice 

reaction time task, Object judgment task and Tower of London speed task. 

All four structural models of information processing speed were compared (Table 

1). However, chi-square difference test could be done only when comparing one model 1 
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with other two factor models as all two factor models had equal degrees of freedom. 

Comparison of one and two-factor models showed that all three two-factor models fit the 

data significantly better (p < 0,05) than Model 1. Model 2, Model 3 and Model 4 there 

compared using Akaike information criterion (AIC) (Čekanavičius ir Murauskas, 2009). 

Model 2 which is composed of simple IPS and complex IPS and Model 3 which is 

composed of verbal IPS and nonverbal IPS fit the data equally well based on AIC criteria 

(>10 AIC difference is substantial; >4 considerably more fitting model (Burnham & 

Anderson, 2002). However, even these two models did not satisfy minimum fit criteria 

recommended in the literature (RMSEA < 0.08; CFI > 0.900; TLI > 0.900) 

(Čekanavičius ir Murauskas, 2009), so models were modified by allowing measurement 

errors between tasks to correlate. Based on modification indices and theoretical 

considerations two correlations were added: Rotor pursuit task with Tower of London 

and Choice reaction time task with Lexical decision task. 

 

Table 1. Fit indices for confirmatory factor analysis models of information processing 

speed measures  

Modelis 
 

df p CFI TLI RMSEA AIC 

Model 1 200,574 14 < 0,001  0,872 0,808 0,155 228,57 

Model 2 135,723 13 < 0,001  0,962 0,864 0,130 165,72 

Model 3 168,027 13 < 0,001  0,894 0,828 0,147 198,03 

Model 4 139,188 13 < 0,001  0,914 0,860 0,132 169,19 

Note. CFI: comparative fit index; TLI: Tucker-Lewis index; RMSEA: Root Mean Square Error of Approximation; AIC: 

Akaike’s information criterion. Model 1 – general information processing speed one factor model; Model 2 – simple 

IPS/complex IPS two-factor model; Model 3 – psychomotor processing speed/cognitive speed two factor model; 

Model 4 – verbal/nonvebal speed two factor model. 

 

Rotor pursuit task and Tower of London allowing measurement errors were 

allowed to correlate based on the fact that in both of these tasks but not in others precise 

computer mouse control was important. On the other hand, Choice reaction time task 

measurement error was allowed to correlate with Lexical decision task because 

measurement error had negative relationship. This phenomenon is thought to have 

appeared due to the fact that these tasks had very similar instructions. It is likely that a 

small portion of subjects who made more errors in the first task (Choice reaction time 
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task) corrected themselves and made less errors in the second task (Lexical decision 

task) consequently becoming slower. 

Fit indices were recalculated after modifications for each model (Table 2). 

Comparison of modified one and two-factor models showed that all three two-factor 

models fit the data significantly better (p < 0.05) than modified Model 1. Modified 

Model 2 which is composed of simple IPS and complex IPS fit the data best out all two 

factor models. Modified Model 2 did satisfy minimum fit criteria recommended in the 

literature (RMSEA < 0.08; CFI > 0.900; TLI > 0.900) (Čekanavičius ir Murauskas, 

2009).  

 

Table 2. Fit indices for confirmatory factor analysis modified models of information 

processing speed measures 

Modified models 
 

df p CFI TLI RMSEA AIC 

Model1 98,312 12 < 0,001 0,941 0,897 0,114 130,312 

Model 2 43,346 11 < 0,001 0,978 0,958 0,073 77,35 

Model 3 56,015 11 < 0,001 0,969 0,941 0,086 90,02 

Model 4 83,249 11 < 0,001 0,951 0,906 0,109 117,30 

Note. CFI: comparative fit index; TLI: Tucker-Lewis index; RMSEA: Root Mean Square Error of Approximation; AIC: 

Akaike’s information criterion. Model 1 – general information processing speed one factor model; Model 2 – simple 

IPS/complex IPS two-factor model; Model 3 – psychomotor processing speed/cognitive speed two factor model; 

Model 4 – verbal/nonvebal speed two factor model. 

 

Simple IPS and complex IPS constructs in the best fitting model (Model 2) appear 

to be distinct despite high correlations between two factors (Figure 1). Model where 

relationship between two factors r = 1 was significantly different compared to model 

where factors could covariate freely (chi square difference equal to 47,026; df = 1; 

p < 0,001). So, the relationship between two factors was significantly smaller than 1. 

This was described by Salthouse (1993), when analyzing differences between motor and 

perceptual speed factors. It was noted that although measures of speed are highly 

correlated they seem to describe more than one construct. 

Chiaravalloti et. al. (2003) research is one of a few where simple and complex 

information processing factors are described. In Chiaravalloti et. al. (2003) study simple 

IPS was composed of reaction time tasks, however not psychomotor tasks. Also, in our 

study we use both verbal and nonverbal tasks to measure complex IPS. The major 
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advantage of our study is the large variety of different speed tasks. Due to this variety we 

can state with greater certainty that, as theorized, information processing speed has a two 

factor structure based not on modality but on complexity of information. 

 

 

 

Figure 1. Results for two-factor solution representing simple IPS and complex IPS 

 

In this model, the simple processing speed measure with the highest factor loading 

was the choice reaction time task. Choice reaction time task is a gold standard for 

measuring processing speed. In this task there are two possible stimuli and two possible 

responses (Miller, & Low, 2001). Traditionally, reaction time paradigms are used almost 

as a synonym for information processing speed. High factor loading of this task can 

probably be explained by its simplicity and accuracy in measurement and also 

simultaneous use of perceptual, motor and cognitive abilities while performing this task. 

Choice reaction time as a processing speed measure fits the definition of processing 

speed as time taken to perform relatively simple motor, perceptual and other cognitive 

operations (Salthouse, 2000).  

It is interesting that the highest factor loading in complex information processing 

speed factor was for Semantic categorization task which was relatively easier compared 

to Tower of London performance speed task which is usually used to measure executive 

planning abilities. On the other hand, it has been suggested that semantic categorization 
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task can be defined as an important measure of decision speed in a general processing 

speed factor (McGrew & Evans, 2004). It might be suggested that this task encompasses 

the largest variety of different relatively complex cognitive operations such as fast 

reading, comprehension, category visualization, taking into account previous items in the 

list. High loading of semantic categorization task also adds more doubt about the 

hypothesis that complex information processing speed can be defined as executive 

control speed (Cepeda, Blackwell, & Munakata 2013).  

Varying complexity and modality of information processing speed measures was 

used in this study. However, in order to suggest that information processing speed has a 

two factor structure of simple IPS and complex IPS still further research is needed. First 

of all, a larger sample of IPS measures should be used. Second, paper-pencil measures of 

IPS should also be included in further studies as they might have different psychometric 

properties. 

 

Prognostic models of information processing speed and other cognitive 

domains 

 

After determining the structure of information processing speed measures we 

sought to construct a prognostic model of information processing speed and other 

cognitive abilities. Using structural equational modeling, two general models based on 

different theoretical assumptions with demographic, health and psychosocial as 

predictive variables were evaluated. 

First, a model was tested in which age, mental illness and also demographic, health 

and psychosocial variables predict cognitive abilities through simple processing speed as 

a mediator (Figure 2). This model is based on an assumption that simple processing 

speed might work as a global mediator determining individual differences in other 

cognitive domains. Processing speed can be understood like a central processing unit in 

the brain (Kail, 1992). Furthermore, other theoretical and empirical considerations were 

taken into account when constructing this model: a) information processing speed has a 

two factor structure; b) Salthouse (1996) theory can be used in explaining relationship 

between fluid abilities and mental illness; c) simple information processing speed 

mediates the relationship between age and complex information processing speed; d) 
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memory abilities partially mediate relationship between information processing speed 

and mental set-shifting ability.  

In this model all the variables that are prognostic of cognitive abilities and also 

moderations or interactions have been used. Prognostic variables were allowed to covary 

(Tabachnick & Fidell, 2013). Model did not satisfy all fit criteria: χ2 = 191,636; df = 72; 

p = < 0,001; TLI = 0,899; CFI = 0,947; RMSEA = 0,055 AIC = 353,636. Conclusion can 

be drawn that a model in which age, mental illness and also demographic, health and  

 

 

 

Note. SIPS: simple information processing speed; CIPS: complex information processing speed; MEM: memory 

abilities; MSS: mental set-shifting ability; GEN – gender; STUD – studying at the moment; LANG – native 

language; EDU - education; SOCC – subjective social connectedness; MENT – mental illness; PHEA – subjective 

physical health; SOCE – subjective socioeconomic status; BMI – body-mass index; NEUR – neuroticism; 

LANGxAGE – native language and age interaction effect; NEURxMENT – neuroticism and mental illness 

interaction effect. * p < 0,05; ** p < 0,01. 

 

Figure 2. Path analysis model in which age, mental illness and also demographic, health 

and psychosocial variables predict cognitive abilities through simple processing speed  
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psychosocial variables predict cognitive abilities through simple processing speed was 

not a good fit for the data. So, it can be said that simple IPS does not work as a central 

processor mediating individual differences in other cognitive domains (Kail, 2008). 

However, it should be noted that in this model where simple IPS was a single mediator a 

large proportion of variances in cognitive domains was explained (47,3 % of simple IPS; 

35,1 % of complex IPS; 31,6 % of memory domain; and 15,0 % of mental set-shifting). 

So, although the analysis of the data suggested that this model did not satisfy fit criteria, 

it shows that simple IPS is a very important domain in cognition. This is supported by 

cognitive theories and models integrating IPS as an import part of human cognitive 

structure (Salthouse 1996, Miller, 2013, DeLuca 2012, Anderson, 2003, Anderson 2001). 

On a neurobiological level the importance of IPS has been shown in aging (Salami, 

Eriksson, Nilsson & Nyberg, 2012) and mental illness (Antonova et. al., 2005). 

In order to develop a more fitting model aposteriori modifications were made. First, 

nonsignificant paths predicting simple IPS were removed. Second, based on theoretical 

considerations and modification indices direct paths from independent variables to 

cognitive abilities were added. The final path model (Figure 3) satisfied all fit criteria: 

χ2 = 111,113; df = 67; p = 0,001; TLI = 0,960; CFI = 0,980; RMSEA = 0,034; AIC = 

283,113. This model explains 46,6 % of simple information processing speed variance, 

40,6 % of complex information processing speed variance, 32,4 % of memory ability 

variance and 18,8 % of mental set-shifting variance. The difference of model fit based on 

Chi-square difference test was assessed. Final model fit the data significantly better 

(∆χ2 = 80,523; df = 5; p < 0,001) than model in which simple information processing 

speed mediated all dependent and independent variable relationships.  

In the final model, age and gender were the strongest predictors of simple IPS. 

Simple IPS was also predicted by native language, education, subjective social 

connectedness, mental illness and neuroticism. Complex IPS was most predicted by 

simple IPS and native language and also by age. Memory was predicted by simple IPS 

and complex IPS and also by subjective social connectedness. Mental set-shifting was 

predicted by memory, mental illness and interaction between native language and age. 
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Note. SIPS: simple information processing speed; CIPS: complex information processing speed; MEM: memory 

abilities; MSS: mental set-shifting ability; GEN – gender; STUD – studying at the moment; LANG – native 

language; EDU - education; SOCC – subjective social connectedness; MENT – mental illness; PHEA – subjective 

physical health; SOCE – subjective socioeconomic status; BMI – body-mass index; NEUR – neuroticism; 

LANGxAGE – native language and age interaction effect; NEURxMENT – neuroticism and mental illness 

interaction effect. * p < 0,05; ** p < 0,01. 

 

Figure 3. Path analysis model in which age, mental illness and also demographic, health 

and psychosocial variables directly and indirectly predict cognitive abilities 

 

In this study we suggest that complex IPS, memory and mental-set shifting relates 

to age, mental illness, demographic, health and psychosocial variables independently of 

simple IPS due to cognitive strategies that are being employed in complex tasks but not 

in tasks of simple IPS. The effect of cognitive strategies has been suggested by many 

authors. For example, Lawrence, Myerson & Hale (1998) proposed that verbal tasks 

require knowledge and are processed in qualitatively different neural networks. Also, 

Cepeda, Blackwell & Munakata (2013) study indicate that complex speed tasks are 

strongly related to executive control. Furthermore, Salthouse (1996) described limited 

time and simultaneity mechanisms that differentiate memory and complex reasoning 

tasks from speed tasks which do not require task specific cognitive mechanism such as 
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recall or visual manipulation. Other cognitive models (Miller, 2013, DeLuca 2012, 

Anderson, 2003, Anderson 2001) suggest important additional cognitive mechanisms 

that are used in complex but not simple psychomotor tasks, such as, for example, 

cognitive control system, central executive, independent processing units, phonological 

loop, episodic buffer or visuospatial sketchpad. These theoretical approaches and 

empirical findings are consistent with a view that performance of complex IPS, memory 

or set-shifting tasks allow additional cognitive strategies which can be related to age, 

mental illness, demographic, health or psychosocial variables (Adam et. al., 1999, Stern, 

2009, Westerberg & Klingberg, 2007, Eckert, 2011). 

In this study, it is shown that simple IPS is an important ability in describing 

cognitive structure. Simple IPS is predicted by age (partly mediated by social 

connectedness and education), mental illness (partly mediated by subjective physical 

health and social connectedness) and gender, and also by native language and 

neuroticism. However, high predictive power of simple IPS on other cognitive domains 

does not suggest that simple IPS defines all individual differences in higher cognition. 

Quite the contrary, it can be hypothesized that simple IPS only predict those individual 

differences that are related to significant changes in nervous system, for example aging 

process or mental illness. On the other hand, for example, educational attainment or 

work efficiency, would be best predicted by executive, memory or other cognitive 

domains related to complex processing. “Higher” or more complex abilities such as 

memory or mental set-shifting are much more specific and could even be independent of 

g factor (Anderson, 2001). Furthermore, this study is in agreement with dedifferentiation 

hypothesis suggesting that specific cognitive abilities become more highly associated 

due to aging as a result of increasing biological constraints on fluid abilities (Li, 

Lindenberger & Sikström, 2001). So it could be suggested that in aging or mental illness 

more complex abilities are worse at describing cognitive decline. 

Our finding show that despite mediation effect of simple IPS, complex IPS was 

independently related to age and native language. This result is supported by existing 

findings that people of different ages (Eckert, 2011) and language abilities (Kranzler, 

Flores, & Coady, 2010) use different cognitive strategies in complex problems. Thus, 

despite strong relationship between complex IPS and simple IPS, these are different 
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domains predicted by different independent variables. Further research is needed to 

clarify these differences. 

Social connectedness was the only independent variable in the final model 

predicting memory abilities when relationships with simple IPS and complex IPS were 

accounted for. Thus it can be hypothesized that simple IPS and complex IPS mediating 

effect on age-memory relationship might be explained by limited time and simultaneity 

mechanisms (Salthouse, 1996). Also, these mechanisms could be related to memory 

slave systems described by Baddley (2001). On the other hand, social connectedness is a 

mediator in age-memory relationship so it can be suggested that the contribution of 

social connectedness is based on declined use of memory abilities in older age. 

Independently of variance explained by other cognitive domains mental illness was 

prognostic of mental set-shifting, and this relationship was partially moderated by 

neuroticism. Previous results concerning Wisconsing card sorting test support the 

relationship between mental set-shifting and mental illness (Rady et. al., 2012). It seems 

that neuroticism might play a role in this relationship. Further analysis is needed. 

Although body-mass index and socioeconomic status were predictive in 

mediational and regression analysis, in the final model they did not account for any 

additional variance. This study is limited by its cross-sectional design. Many 

independent variables were intercorrelated so weak relationships should be interpreted 

carefully. 

To conclude, model in which age, mental illness and also demographic, health and 

psychosocial variables predict cognitive abilities through simple processing speed did 

not fit the data. Final model revealed a complex pattern of relationships between 

cognitive domains and age, mental illness, also demographic, health and psychosocial 

variables. Simple IPS is a fundamental part of cognitive structure. However, it is not a 

global mediator for individual differences. Both, simple IPS and complex IPS are very 

important in explaining aging, mental illness, also individual differences related to 

demographic, health and psychosocial variables. 
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CONCLUSIONS 

 

1. Information processing speed (IPS) among adults is best explained by structure of 

two factors: simple IPS and complex IPS. This information processing speed 

structure is invariant across mental illness and control samples and age groups. 

2. Age directly and indirectly predict simple IPS and complex IPS speed also memory 

and set-shifting abilities. 

2.1. In a model of age differences in cognition, age and simple IPS, age and complex 

IPS, age and memory abilities, simple IPS and memory, simple IPS and complex 

IPS, complex IPS and mental set-shifting, complex IPS and memory, also 

memory and mental set-shifting were directly related. 

2.2. Based on estimation of direct and indirect effects simple IPS is the strongest 

mediator of age relations with other cognitive domains. 

3. People with mental illness showed worse performance on simple IPS, complex IPS, 

memory and mental set-shifting. Mental illness directly and indirectly related to 

cognitive domains. 

3.1. In a model of mental illness and cognition relations mental illness and simple 

IPS, mental illness and complex IPS, mental illness and mental set-shifting, 

simple IPS and memory, simple IPS and complex IPS, complex IPS and mental 

set-shifting, complex IPS and memory, also memory and mental set-shifting were 

directly related. 

3.2. Based on estimation of direct and indirect effects simple IPS is the strongest 

mediator of mental illness relations with other cognitive domains. 

4. Cognitive abilities were predicted by demographic, health and psychosocial 

variables. 

4.1. Men performed better than women on simple IPS and memory tasks. Subjects 

that currently study were better in memory and complex IPS tasks. Subjects 

whose native language was Lithuanian were better at simple IPS and complex 

IPS tasks. Education is related to simple IPS and memory.  

4.2. Worse self-rated physical health is related to worse performance on simple IPS 

tasks. Body-mass index is related to mental set-shifting. 
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4.3. Subjective social connectedness is a predictor of simple IPS and memory. 

Neuroticism is a predictor of simple IPS. Subjective socioeconomic status is a 

predictor of complex IPS. 

5. Age and mental illness relationships with cognitive abilities are mediated or 

moderated by demographic, health and psychosocial variables. 

5.1. Age relationship with cognitive abilities is partially mediated by education and 

subjective social connectedness.  

5.2. Mental illness relationship with cognitive abilities is partially mediated by 

subjective physical health, body-mass index, subjective social connectedness and 

subjective socioeconomic status.  

5.3. Age relationship with mental set-shifting is moderated by native language. 

5.4. Simple IPS, complex IPS and mental set-shifting relations with mental illness are 

moderated by neuroticism. 

6. Final model fit the data better than a model where simple IPS is the only mediator of 

relationship between prognostic factors and cognitive function. However, in the final 

model most prognostic factors predicted complex IPS, memory and metal set-shifting 

through simple IPS. 
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