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1. INTRODUCTION



Cognitive actions are necessary in medical students, to be able to reason clinically, such 

as medical decision-making and problem-solving. These cognitive actions involve identifying 

the problem, processing the information, creating a plan for the next step, carrying out this plan 

and then evaluating the results (1). 

 The differences in environmental and genetic factors of an individual contribute to the 

variation of their intelligence and cognitive abilities (2).  

Genetics accounts for approximately 50 to 70% of cognition, which has been based on 

studies of identical and fraternal twins raised together, identical twins separated at birth and 

raised apart, and adoptive families (3). The influence of genetics on cognitive abilities actually 

increases with age (4). As we age, due to oxidative stress and inflammation induced by certain 

environmental factors, there is a progression in neuronal damage. This damage is repaired by 

certain repair processes which are genetically determined, and it is likely that these particular 

genes can also lead to changes in cognition due to age (2). 

 

 

1.1. Intelligence 

Intelligence is defined as the ability to acquire and apply knowledge and skills. It 

integrates cognitive functions such as perception, attention, memory, language, or planning (5). 

Intelligence is measured by conventional standardized tests, and varies across the lifespan, and 

also across generations (6).  

Charles Spearman, a psychologist from the early 20th century, discovered that when 

students performed well in one subject, they would also perform well in other subjects, even if 

the tests are unrelated. There was always a positive correlation between performances on 

different tests, which indicates that there is an underlying factor conducting this success (7). 

Spearman referred to this as the general intelligence factor, g, which is a quantitative 

measurement of this entity in psychometrics.  

General intelligence refers to having reasoning ability and behavioural flexibility, and 

is considered to be a good predictor for several components of life outcome, including 

academic achievement, the probability of success in professional careers, occupational 

attainment, job performance, social mobility, and even health and survival (8). Today, 

Intelligence Quotient (IQ) tests can be factor models for Spearman’s work on g (9). 

Based on various evidences from neuroimaging, the frontoparietal network is important 

for intelligence, but also to other cognitive functions. It has been concluded that there is a 

relation between perception and the fronto-parietal brain networks, and there is also an 
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association between working memory capacity limitations and the parieto-occipital brain 

networks. The activity in frontal Brodmann areas 10, 45–47, parietal areas 39 and 40, and 

temporal area 21 also positively contribute to IQ score achievements (5).   

 

 

1.1.1. Intelligence tests 

General intelligence is a crucial competency of a medical student in order to progress 

through their studies (1). In fact, it has been demonstrated that intelligence is a major predictor 

of success in education and occupation (10). Intelligence can be assessed through intelligence 

tests, such as the Raven Advanced Progressive Matrices (APM), which measures fluid 

intelligence, Gf (11) and can predict academic potential. Fluid intelligence involves adapting 

to new and unfamiliar issues without relying on previously acquired knowledge. This contrasts 

with crystallised intelligence, Gc, which consists of previously acquired knowledge and skills 

formed out of education and habits (12).  

It is assumed that intelligence tests can measure maximum intellectual performance, 

and an individual’s IQ score is the measurement of this performance (13). Binet and Simon 

were among the first to develop IQ testing, as they aimed to identify intellectually challenged 

children at a French public school, as well as to educate them. They designed tests that assessed 

how the cognitive functioning of children built certain mental abilities, such as judgement, 

reasoning and comprehension. The most commonly used IQ test is the Wechsler Adult 

Intelligence Scale III (WAIS III), which measures a set of four mental abilities: processing 

speed, verbal comprehension, working memory and perceptual organisation (14). 

The APM is a 60-item or 9-item nonverbal test encompassing abstract reasoning (15) 

where the participants are required to identify the missing piece of a 3×3 set of patterns. The 

participants utilise problem-solving skills and working memory in order to decipher which rule 

combination is needed for the pattern in each row or column, and the complexity of the test 

gradually increases with a greater demand of cognitive ability (11). 

Previous research has identified a positive correlation between different domains of 

cognitive performance and IQ tests; implying that subjects who excel on one test would also 

excel on other cognitive tests. One study in Norway was conducted to investigate the 

correlations between results on IQ test and the MATRICS Consensus Cognitive Battery 

(MCCB), which revealed positive and significant associations between IQ and domains 

assessed with MCCB. This relationship was especially strong for these domains: Speed of 

Processing, Working Memory, and Visual and Verbal Learning (16). Another battery test 
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exists, known as the Complex Reactionmeter Drenovac (CRD), which is a computer-generated 

test measuring cognitive and psychomotor performance. It is comprised of the software, four 

electronic instruments and provides the use of 38 standard tests (17). CRD is a chronometric 

instrument measuring perception, memory, psychomotor reaction, and thinking as dynamic 

functions of the central nervous system and attention, as well as functional disturbances. 

Psychomotor coordination (operative thinking) is assessed by measuring the coordinated 

movement of the individual’s upper and lower limbs, the speed of perception can be measured 

by assessing the speed of light signal position discrimination (visual speed reaction time) and 

convergent thinking can be evaluated by measuring the speed of simple arithmetic operations 

of summation and subtraction (18). However, the association between IQ tests performed 

through the APM test and cognitive testing performed using the CRD has not yet been reported. 

 

 

1.1.2. Medical school admissions tests 

It can be complicated for applicants to enter into medical school due to the competition. 

It is perhaps equally as complicated to assess each applicant and to decide which one to accept. 

Several medical schools have provided selection criteria, which include aptitude tests, 

interviews and high scores in their previous academic careers (19). Various aptitude tests exist, 

such as the United Kingdom Clinical Aptitude Test (UCAT), the “Test für Medizinische 

Studiengänge” (TMS) in Germany (20) and the Medical College Admissions Test (MCAT) for 

most U.S. medical schools (21). The TMS assesses verbal-mathematical and spatial-figural 

abilities, and therefore includes different cognitive abilities rather than just assessing GPA 

alone (22). The MCAT includes four subtests; verbal reasoning, physical sciences, biological 

sciences and a writing sample (20), and along with undergraduate GPA, are essential 

components for deciding of which prospective students to accept (21). However, the UCAT 

gives more emphasis on cognitive abilities, whereas the MCAT is more focused on knowledge 

(20). The UCAT includes four cognitive sections, which assess verbal reasoning, decision-

making, abstract reasoning and quantitative reasoning (19).  

Cognitive aptitude tests are currently considered to be the most ideal method for 

selecting medical students. Assessing cognitive ability of the student is considered to be the 

most valuable and accurate aspect to examine, whereas assessing other aspects, such as the 

humanity and diligence of the student, may not be as accurate for predicting the academic 

success of the students. Biomedical admissions tests may be associated with good preclinical 

examinations results, but this is uncertain for other tests such as the Graduate Medical Schools 
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Admissions Test (GAMSAT) (23). However, these admissions tests are not able to predict 

clinical performance of the students (24).  

 

 

1.1.3. Intelligence and gender  

In both children and adults, the differences in intelligence between genders have been 

explored and are changing, as sociodemographic conditions are also evolving. This is mostly 

due to advances in education, employment and also gender equity. It is known that males tend 

to have better motor and visuospatial skills, while females are better in verbal abilities (25). 

Males usually also have better calculation skills, but this could be due to their more advanced 

spatial abilities (26). Females have better social cognitive skills as well as memory. While 

males do have larger crania, they specifically have a greater percentage of white matter, 

whereas females have a higher percentage of grey matter (27). The higher percentage of white 

matter demonstrates that male brains are suited for intrahemispheric communication, but the 

greater amount of grey matter in female brains suggests optimisation for interhemispheric 

communication. Males also have a greater cross-hemispheric cerebellar connectivity, and 

together with the intrahemispheric communication, this provides an efficient system for 

coordination. The interhemispheric connection in female brains permits females to outperform 

males on memory, attention and social cognition tests (27).  

The majority of students are females at medical schools, which is likely due to the fact 

that more females graduate from secondary school and they often attain better grades (20). 

However, it has been demonstrated that there is no difference between male and female 

students in performance during the medical training itself (28). 

 

 

1.1.4. Intelligence and nutrition 

 Specific nutrients have an impact on cognition by acting on cellular processes or 

molecular systems that are essential for maintaining cognitive function. The effects of nutrition 

on the brain are also linked with other lifestyle habits, such as sleep and exercise (29). It can 

be deduced that strategic dietary changes can be used for enhancing cognitive performance, as 

well as providing the brain protection from the effects of aging and damage. 

There is evidence that omega-3 fatty acids provide amelioration of cognitive decline in 

the elderly, and might be beneficial in patients with mood disorders (29). Omega-3 increases 

the fluidity of neuronal membranes, and also exerts anti-apoptotic effects and maintains healthy 
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synaptic structures. There is improved cerebral blood flow. Through these mechanisms, it has 

been proposed that omega-3 fatty acids could influence cognition. Omega-3 fatty acids can be 

found in fish, flax seeds, kiwi fruit, chia and walnuts, but modern western diets are known to 

be deficient in omega-3 (30).  

Flavonoids (found in dark chocolate, citrus fruits and green tea) and B vitamins are also 

involved in improving cognitive function and preventing cognitive decline in the elderly (29). 

Specifically, vitamin B6, vitamin B12 and folate advance memory function in females of all 

ages. However, saturated fats adversely influence cognition and aggravate cognitive decline in 

the elderly. Saturated fats are found in meats, dairy products, coconut oil, butter, ghee – and 

therefore, these products as well as “junk food” reduce cognitive performance and diminish 

performance in learning tasks in individuals.  

Certain micronutrients with antioxidant properties that are associated with 

mitochondrial activity also have a positive influence on cognition (29). Vitamin E is abundant 

in nuts, leafy green vegetables and fortified cereals. Vitamin E provides protection in memory 

performance in older individuals and protects synaptic membranes from oxidation, which 

support synaptic plasticity. Curcumin is a curry spice found in turmeric, and its antioxidant 

effects also seem protective for the brain, particularly against lipid peroxidation. It might be 

assumed that the high intake of curcumin in India contributes to the low prevalence of 

Alzheimer’s disease in this country (29). 

 

 

1.1.5. Intelligence and age 

 Cognitive abilities change during one’s lifetime, firstly due to maturation and then later 

due to aging of neurons (31). The impact of age on intelligence is important to consider, given 

that the elderly population is increasing. Cognitive abilities can be divided into crystallised 

abilities and fluid abilities. Crystallised abilities can be defined as acquired knowledge from 

cognitive processing in the past, such as general knowledge, vocabulary and historical 

information. On the other hand, fluid abilities require that the individual is aware of their 

environment and can quickly process new information in order to problem-solve. Crystallised 

abilities continue to improve until around the age of 60 years, and a plateau occurs afterwards 

until the age of 80. However, fluid abilities demonstrate a steady decline from the age of 20 to 

age 80 (32). 

Cognitive slowing is another feature of aging neurons, where there is a gradual 

deterioration of performing attentional tasks. This aggravation leads to difficulties with 
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multitasking and attentional tasks such as grasping a telephone number when it is being quickly 

dictated. Consequently, cognitive slowing contributes to the higher rate of traffic accidents in 

the elderly population. Furthermore, word-finding becomes more demanding for older adults 

especially after the age 70, as they can find recalling the name of a person or a particular word 

more difficult (31). However, other aspects of language, such as verbal reasoning, vocabulary 

and speech comprehension, generally remain intact in older age. The ability to perceive spatial 

awareness and visuoperceptual judgement decline over time with age, whereas visual 

recognition of objects, shapes and designs remains intact (32).  

While most aspects of memory remain stable, there are declines in new learning 

abilities as well as retrieval of newly learned information. Episodic memory (such as historical 

events and autobiographical memories) stays somewhat the same throughout life, whereas 

accurately identifying the source of this information grows more difficult. Memories which 

involve remembering how to ride a bike or how to play the piano, also known as procedural 

memories, do not deteriorate. In contrast, prospective memory, which includes remembering 

to perform a particular action in the future (such as taking medication after breakfast), often 

declines with advancing age. 

In terms of brain structure and function, there is evidence that brain size decreases with 

age, given that structural brain imaging technology has demonstrated this atrophy (32). 

Specifically, grey and white matter volume loss occurs with age, with grey matter loss 

occurring predominantly in the prefrontal cortex. White matter loss occurs especially in the 

medial temporal lobe (including the hippocampus). With aging, there is also cortical neuron 

loss in particular brain regions, such as the hippocampus, substantia nigra and cerebellum. 

When this neuron loss is much greater, this can lead to age-related neurodegenerative diseases 

such as Alzheimer’s Disease (AD), especially when this occurs in the entorhinal cortex and 

hippocampus.  

There is also a loss of synapses and dysfunction of neuronal networks. This overall 

cognitive decline can lead to dementia, where these severe cognitive impairments can have 

debilitating effects on functioning in everyday life. However, certain lifestyle factors can 

prevent the progress of cognitive decline, which include mental stimulation, physical activity, 

avoiding excessive exposure to neurotoxins (such as alcohol), controlling chronic medical 

conditions such as diabetes, hypertension and obstructive sleep apnea and managing stress and 

treating depression (32). 
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1.1.6. Anatomical and physiological gender differences of the brain 

As discussed previously, there are certain anatomical differences in the brain between 

the two sexes, as well as differences in brain activation. The differences in verbal and 

mathematical abilities mentioned earlier are likely due to cultural and educational variations, 

as well as stereotyping and the effects of sex hormones. However, there is evidence that females 

and males overall share several similarities in terms of cognitive abilities, but the largest 

differences exist for motor performance (33). In terms of motor tasks, throwing velocity and 

throwing distance are abilities which favour males. Mental rotation of 3D objects is one of the 

strongest cognitive sex differences, whereby males outperform females in this cognitive ability. 

This could be influenced by culture, as these differences disappear in individuals of a 

matrilineal society, but remain favouring males of a patrilineal society. 

As for the influence of sex hormones, it has been concluded that different progesterone 

and estradiol levels affect executive functions, attention and spatial navigation. Depending on 

the phase of the menstrual cycle, there is variation in cerebral hemodynamics between males 

and females. During the low-estrogen phase, there are no differences between females and 

males, whereas when estrogen levels peaked, brain activation is reinforced to control cognitive 

task performance (33). 

In terms of brain anatomy, males generally have larger volumes, but females have 

thicker cortices. Men are found to have approximately 6.5 times more grey matter than women, 

but women have 10 times the amount of white matter in their brain than men. Additionally, the 

cerebellum, which controls posture and balance, is found to be larger in men than in women. 

Given that females have a larger limbic system (which includes the hippocampus, the anterior 

commissure and a bundle of fibres which interconnect the two amygdalae), they are better and 

faster at identifying feelings than males. While this allows them to connect to others and 

develop bonds more easily, they are also more susceptible to suffering from depression than 

men. The inferior-parietal lobule is associated with mathematical ability and understanding 

spatial relationships, and it is significantly larger in males rather than females, which could 

contribute to why more males perform better at these tasks than their female counterparts (34). 

 

 

1.1.7. Intelligence and education  

It has been suggested that an individual’s intelligence can be heightened by pursuing 

an education. There is a positive association of education attainment with intelligence test 

scores, and it has been demonstrated that for each year of education there is an increase in 
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intelligence test scores. Those with low intelligence during childhood could benefit 

significantly from education for when they are older, with an increase in intelligence test scores 

for each extra year of education, which would plateau after 17 years of education (35). 

Therefore, education provides an equalising effect for children of lower initial cognitive 

advantage. However, the correlation between education and intelligence could be due to more 

intelligent children selectively progressing further in education. Nonetheless, there is evidence 

that raising the school-leaving age improved IQ score, as well as indicators of health and well-

being. For each year of education, only a few more IQ points are attained, which are still 

considered to be of great consequence at the societal level (36). 

Furthermore, education does have domain-specific effects, such as improvement in 

memory and reasoning ability. However, education develops only certain intellectual abilities, 

s (specific ability), rather than general intelligence, g. Although the efficiency of cognitive 

operations may not be improved with education, the development of the specific cognitive 

domains, such as memory, can have an extensive impact on cognitive development (37).  

 

 

1.1.8. Intelligence and socioeconomic status  

Socioeconomic status (SES) measures one’s overall position in society and their status. 

Thus, SES includes factors such as household income, parenting quality, education, occupation 

and certain family and neighbourhood characteristics, such as exposure to toxins and violence. 

It has been shown that SES positively correlates with intelligence and academic achievement 

from early childhood and through adolescence. Individuals who had low SES while growing 

up often encounter social and economic adversities to success and well-being, while also 

suffering from impaired cognition, poor health and lower emotional resilience. These effects 

of a low SES could be why poverty continues to persist for generations (38). 

The impact of even short spells of poverty can be significantly detrimental towards the 

cognitive abilities and executive functions of these adults, as these individuals display lower 

levels of fluid intelligence and less effective problem-solving. Because of the reduced 

performance of executive functioning in poor individuals, it is likely that this leads to them 

providing less effective parenting for their children. Mothers living in poverty are more likely 

to practise poor habits during their pregnancy which could harm the fetus, such as smoking. 

They are also less likely to breastfeed their babies (39). 

Furthermore, families with lower SES are more likely to experience nutritional 

deficiencies due to less access to healthy foods. Cognition is influenced by nutrition and caloric 
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intake, and therefore impoverished families are likely to have lower intelligence due to the lack 

of healthy food. Low-SES families experience difficulties providing for the family’s needs and 

they often live in dangerous neighbourhoods, which can trigger increased stress levels in these 

families. This chronic stress can impair childhood development, particularly attention control 

and working memory. 

Childhood SES affects language processing, such as syntax, phonological awareness 

and vocabulary. There is evidence that children from professional families have a vocabulary 

range twice as wide as that of children from families on welfare. As for executive functions of 

working memory, it is concluded that a low SES also negatively impacts this in children. Verbal 

fluency and spatial working memory are also influenced by SES, and children from 

professional families display higher aptitudes in both of these cognitive functions (38). 

 

 

1.2. Emotional intelligence  

Certain factors can affect a medical student’s clinical reasoning, such as their 

personality, critical thinking and emotional intelligence (EI) (40). Emotional intelligence is 

defined as the ability to perceive and express emotions, as well as to comprehend and regulate 

these personal and interpersonal feelings (41). There exists a classification proposed by 

Petrides and Furnham to distinguish EI as two distinct types; ability EI and trait EI. Ability EI 

involves an individual’s theoretical understanding of emotions, whereas trait EI is related to 

behaviours during emotion-related situations, such as confronting stress or comforting an upset 

friend (42).  

In various fields, EI is a predictor of academic achievement, life satisfaction, positive 

interactions with others and healthy psychological adaptation. Individuals with higher EI are 

more likely to understand emotions, as well as to regulate and manage them better in 

themselves and in other individuals (43). There is a positive correlation with lower EI and 

violence, delinquency and substance abuse (illegal use of alcohol and drugs) (40). According 

to a study performed in Sri Lanka to assess EI and academic performance, there is a relationship 

between higher EI and better scores on examinations. Furthermore, there is evidence that higher 

EI is associated with improved patient satisfaction, clinical performance, better doctor-patient 

relationships and improved empathy in medical consultation. Medical students and doctors 

with greater EI also display more competence for self-care, which allows them to be less 

susceptible to the stress of the medical profession itself (43).  
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1.3. Clinical reasoning 

 Knowledge alone is not sufficient to solve clinical problems, and consequently 

problem-solving skills are essential for becoming a clinical expert. Several cognitive abilities 

and different categories of knowledge are required in order to build diagnostic skills. 

Universities often focus their teachings on medical knowledge, which provides the student a 

foundation for clinical problem-solving (44). However, there are some medical schools 

worldwide that teach with a problem-based learning approach (PBL) (45), rather than 

traditional lecture-based learning with teacher-directed information to large classes (46). With 

PBL, there are small groups of students with a tutor facilitating the session. The tutor provides 

a case or scenario to the students, and cues are derived from these cases for students to define 

their own learning objectives. Additionally, students acquire knowledge and other desirable 

attributes, such as teamwork, communication skills and independent learning (45). 

 Diagnostic knowledge can be organised into three categories; conceptual knowledge, 

strategic knowledge and conditional knowledge. Conceptual knowledge is defined as the basic 

elements of knowledge necessary to solve certain problems, such as knowledge of specific 

details or terminology. Strategic knowledge includes knowledge about subject-specific skills 

and algorithms, and is required for executing tasks. As for conditional knowledge, this concerns 

knowledge about principles and generalizations and includes the interrelationships among the 

basic elements within a larger structure that permits them to function together (44). 

 Clinical reasoning is used in all patient encounters, and is a competency used for 

searching for and prioritising a differential diagnosis, and then deciphering the appropriate 

therapy and management plans. It is imperative that students have a strong knowledge base in 

order to build a diagnostic hypothesis generation. Enhancing a student’s clinical reasoning is 

key to facilitating excellence in patient care (47). 

 

 

1.4. Cognitive function 

In simple terms, cognition refers to thinking. Cognitive function involves mental 

processes which gain knowledge and comprehension. These processes allow us to execute 

certain tasks and involve skills such as attention, language, perception, memory, motor skills, 

executive functions, and visual and spacing processing (48). 

The neurotransmitter dopamine is involved in cognitive function (49), as well as reward 

and movement regulation in the brain. It is produced in the substantia nigra, ventral tegmental 

area and hypothalamus of the brain (50). The nerve fibres of the prefrontal cortex are rich in 
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dopamine, especially in the outermost and deep cerebral cell layers, and therefore dopamine is 

involved in processing new information and effectively associating ideas. Researchers have 

identified at least two different receptor type families for dopamine; D-1 and D-2. The D-1 

receptors are found in high concentrations in the outermost cerebral cell layers, likewise to the 

dopamine-containing nerve fibres. Research has also prompted that D-1 receptors are 

connected to efficiency in working memory (49). 

Another neurotransmitter, serotonin (5-hydroxytryptamine, 5-HT) also regulates higher 

brain functions, such as cognition and emotional behaviour. The serotonergic system is densely 

distributed in the prefrontal cortex and in the hippocampus, which are the brain areas whose 

coordination is necessary for most cognitive functions, such as learning and memory. In the 

hippocampus, the serotonergic system is involved in spatial navigation, decision-making, 

certain memory processes and social relationships. As for the prefrontal cortex, the 

serotonergic system modulates working memory, reverse learning, decision-making and 

attention. The activity of the serotonergic system is associated with cognitive performance and 

short-term and long-term memory, aging and several psychiatric (alcoholism, depression, 

schizophrenia) and neurological (epilepsy, Alzheimer’s Disease) disorders (51). 

Norepinephrine (NE) is a monoamine neurotransmitter released by the locus coeruleus, 

and regulates synaptic transmission and cellular processes in the central nervous system and 

acts via α1, α2 and β receptors. NE plays a significant role in cognition and behaviour, such as 

attention, learning and memory and behavioural flexibility, as well as promoting wakefulness. 

Particularly, NE is necessary for memory consolidation and retrieval in the hippocampus, and 

is also important in the prefrontal cortex for extradimensional shifting, which is involved in 

behavioural flexibility. Deficits in noradrenergic signalling occurs in neurodegenerative and 

neuropsychiatric diseases, which is associated with the behaviour deficits and disordered 

cognition in these conditions, such as schizophrenia, depression, anxiety, autism, Parkinson’s 

disease, Alzheimer’s disease and attention-deficit hyperactivity disorder (ADHD) (52). 

Acetylcholine (Ach), the first neurotransmitter to be identified, plays a major role in 

the central and peripheral nervous systems. Ach is used as a neurotransmitter for preganglionic 

and postganglionic parasympathetic neurons, pre-ganglionic sympathetic neurons and part of 

the post-ganglionic sympathetic neurons. Almost all regions of the brain are innervated by 

cholinergic neurons; the spinal cord, mesopontine region, hindbrain, basal forebrain, striatum, 

olfactory tubercle and islands of Cajella complex of the ventral striatum. The cholinergic 

system is essential for attention, wakefulness and sleep, learning, memory and the stress 

response. The use of cholinesterase inhibitors facilitates cholinergic transmission, and therefore 
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improves attention. However, injuries to the cholinergic neurons of the basal forebrain would 

lead to attention deficit. Furthermore, degeneration of cholinergic neurons from the nucleus 

basalis of Meynert occurs in Alzheimer’s Disease and is associated with the memory loss 

caused by this disease (53). 

Gamma-aminobutyric acid (GABA) is the main inhibitory neurotransmitter in the 

human nervous system and its neurotransmission is used in almost all neuronal coding and 

processing throughout the brain. GABA influences membrane potentials via ionotropic 

GABAA and GABAC receptors, regulates neuronal activity through metabotropic G-protein 

coupled GABAB receptors, and also modifies synaptic plasticity. GABA plays a role in various 

brain regions for cognitive functions, such as frontal GABA concentrations are associated with 

working memory performance, whereas GABA concentrations in the occipital cortex are 

involved in visual orientation discrimination. Over time, GABA concentrations decline with 

age, with approximately a 5% decrease with age per decade in the frontal cortex. The frontal 

cortex plays a significant role in executive function, as well as other cognitive functions (54). 

 

 

1.4.1. Cognitive function assessment 

Classifying and characterizing cognitive performance is referred to as domains of 

cognitive functioning, and there are also subdomains within each domain. These subdomains 

can be characterised with neuropsychological tests which measure certain abilities (55). 

For example, the Mini-Mental State Examination (MMSE) evaluates cognitive function 

through 30 questions. The cognitive abilities which are assessed include memory, calculation, 

attention and orientation, language, registration, recall and the ability to draw a polygon. The 

MMSE can be used to predict the cognitive decline due to dementia in patients with cognitive 

impairments (56). 

The Wechsler Adult Intelligence Scale (WAIS) is a common cognitive battery used to 

assess IQ in individuals, a proxy of general cognitive functioning. WAIS encompasses four 

components; the Verbal Comprehension Index, the Perceptual Reasoning Index, the Working 

Memory Index and the Processing Speed Index (57).   

As for testing language abilities, the Boston Naming Test (BNT) is often used as it 

sensitively detects aphasia and compromised lexical abilities through visual confrontation 

naming, and the BNT can also be a beneficial test for the differential diagnosis of dementia 

(58).  
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The Wisconsin Card Sorting Test (WSCT) evaluates executive functioning – cognitive 

flexibility, rule learning, problem-solving and certain brain disorders. Participants are required 

to match test cards to reference cards according to three possible rules: shape, colour or number. 

Individuals sort the cards through trial and error, but feedback is provided after each match. 

The rule is made invalid by negative feedback after some successive correct sorting of the 

cards. The participants are informed of what was previously correct or incorrect, and then they 

need to search for a new rule (59). 

Moreover, there exists the Hopkins Verbal Learning Test (HVLT), which is a short 

verbal memory test taking approximately 10 minutes to administer. The revised version 

(HVLT-R) contains a delayed recall trial. HVLT is often used to screen for dementia, as the 

earliest signs of dementia involve memory issues, including difficulties recalling words (60). 

 

 

1.5. Cognitive domains 

Language processes encompass speech and written language production, auditory 

function and comprehension. The Superior Temporal Gyrus (at the Temporal lobe) contains 

the auditory cortex, where auditory input is received (61). In nearly all right-handed individuals 

and in 60% of left-handed individuals, language function is localised to the left cerebral 

hemisphere (62). Broca’s area is found in the inferior frontal lobe (63), and controls 

comprehension, speech production and language processing (61). Wernicke’s area is located 

in the posterior part of the Superior Temporal Gyrus (62), and involves processing language 

comprehension, as well as written and spoken language (61). A lesion in either of these areas 

leads to a form of aphasia, which is a disruption of cognitive processes involving language 

(64). Broca’s aphasia (also known as motor or expressive aphasia) is an inability to produce 

language efficiently, as there is disruption of the organisational aspect of the language, such as 

grammar. With Wernicke’s aphasia (also known as sensory or receptive aphasia), there is 

difficulty understanding spoken language as there is damage in the posterior temporal lobe 

(65). 

Learning involves changes in mental representations which can be manifested as 

behavioural changes. This is due to interacting with the environment and allowing an individual 

to adapt to the demands of the environment. The knowledge representations of learning are 

processed and stored as memory (66). The hippocampus, amygdala and the parahippocampal 

gyrus are the important structures for memory (67), but the hippocampus has a major role in 

learning and memory. The hippocampus is an S-shaped structure densely packed with neurons 
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located in the temporal lobe. It is part of the “limbic system”, which also encompasses the 

amygdala. Damage to the hippocampus leads to anterograde and retrograde amnesia (68). 

Degeneration of the hippocampus, as seen in Alzheimer’s disease and alcoholism, can induce 

short-term memory loss (69). 

Additionally, the hippocampus contains three major subdivisions: the dentate gyrus and 

the CA3/4 and CA1/2 pyramidal cell regions. There is a unidirectional connectivity between 

these three cell fields, with the granule cells of the dentate gyrus projecting towards the CA3/4 

pyramidal cells, which then project to CA1/2 pyramidal cells. The entorhinal cortex provides 

the major afferents to the dentate via excitatory perforant path fibres, which then activates the 

excitation of the dentate gyrus, CA3/4 and CA1/2 pyramidal neurons, and this serial 

propagation is the trisynaptic pathway that is regarded as the principal characteristic of 

hippocampal physiology (70). The major output from the hippocampus is provided by the CA1 

pyramidal cells, which send projections to the amygdala, prefrontal cortex, perirhinal cortex 

and the neighbouring subiculum. CA1, while being the major output of the hippocampus, is 

essential for most hippocampal-dependent memory, as lesions in this area lead to severe 

memory impairment. There is evidence that hippocampal CA1 lesions generate anterograde 

and retrograde loss of episodic memory (71).  

Furthermore, another important feature involving the hippocampus is the Papez circuit, 

which is a neural loop extending from the hippocampal formation to the mamillary body of the 

hypothalamus, to the anterior nucleus of the thalamus to the cingulate gyrus of the 

parahippocampal gyrus, and then back to the hippocampal formation. The significance of this 

loop is known for its consolidation of declarative memory and for central emotion (72). 

Information that one has to recall consciously is known as explicit memory, whereas 

implicit memory, which includes abilities or skills, can be recalled unconsciously (73). The 

majority of declarative memory is acquired explicitly, and the majority of nondeclarative 

memory is acquired implicitly (74). There exist two different types of declarative memory: 

semantic memory and episodic memory (73). Semantic memory stores factual information, 

such as knowing the name of the capital city of a country. Episodic memory, however, 

represents memories with a spatiotemporal context, such as an experience on holiday, a 

graduation ceremony or one’s wedding day. As for nondeclarative memory, most of this 

knowledge is acquired through procedures (procedural or motor memories) where motor skills 

are ameliorated, such as riding a bike. The medial temporal lobe structures, such as the 

hippocampus, is the main area for the function of declarative memory. Nondeclarative memory 

primarily depends on the cerebellum, striatum and cortical association areas. The two 
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components of declarative memory are the foundation of long-term memory, which is the 

mechanism where acquired memories are stored permanently and are less afflicted by 

interference. However, nondeclarative memory, such as procedural memory of a skill, may also 

be consolidated into long-term memory (74). As for short-term memory, this is the ability to 

retain a small amount of knowledge for a short period of time. Short-term memory is involved 

in a system whereby knowledge is retained temporarily for a set of different cognitive 

processes, such as understanding, learning and reasoning (73). 

It is very common for students to feel overwhelmed from the pressure of deadlines and 

exam performance (75), and this is especially true for medical students (76). Furthermore, 

stress, a negative emotional state, can either hinder and/or facilitate both learning and memory 

depending on the duration and intensity. For example, acute and mild stress may enable 

cognitive performance and learning, whereas chronic and severe stress may be detrimental to 

learning and memory (77). There is evidence that chronic elevations of cortisol levels lead to 

a decline in hippocampal activity and hippocampal volume with increasingly dysfunctional 

hippocampal neurons, and aging also accelerates this loss (78). Certain factors can affect the 

impact of emotion on learning and memory, such as particular individual differences and age 

of the students. Personality traits, such as extraversion or neuroticism, could influence a 

student’s response to emotional stimuli and their ability to withstand stress. Gender may also 

play a role, as sex hormones can contribute to these differences (77). Female students usually 

have higher anxiety levels and often assess their stressful situations more negatively, which 

can lead to them suffering more severely and more frequently from stress (76). Age is another 

important factor contributing to an individual’s stress resistance, given that older students have 

more experience with stress, and therefore have better emotional control and perhaps better 

learning and memory performance than younger students (77).  

The correspondence between the study material and the stressor may also have an 

influence on the ability to learn. If the stressful event can be relatable to the learning material, 

it is easier for the student to recall due to its relevance. However, if the stressor is irrelevant to 

the material, it is difficult for the student to remember this knowledge later on (75). 

As for visual processes, the occipital lobe is the primary visual area, and includes 

functions such as reading and comprehension of reading (61). The retina relays visual 

information to the primary cortical region of the brain where it is received, integrated and 

processed (79). The projections pass through the thalamus and neurons, and encode certain 

properties such as motion, colour and orientation. These projections pass through to the 

temporal lobes and parietal lobe, and these lobes function together with the visual cortex (61). 
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Projections passing from the occipital lobe to the temporal lobe facilitates the recognition of 

faces and objects, whereas visual processes from the occipital lobe to the parietal lobe enable 

the localisation of objects in space (80). 

The primary motor cortex controls the initiation of motor movements and coordination. 

The primary motor cortex is a component of the motor cortex, which also includes the premotor 

cortex and supplementary motor area (61). The motor cortex plans and creates electrical 

impulses which provoke voluntary muscle contractions (81). The premotor cortex contributes 

to limb movement, as well as to imitation as the form of learning. The supplementary motor 

area is involved with movements that have already been mentally rehearsed (61). 

Attention is a necessary cognitive function for language, memory and perception (82). 

Attention is a process that is applied to competing environmental information and focusing on 

one action, while simultaneously filtering out the alternative options. A model describing three 

attention processes supported by different brain networks was first proposed by Posner and 

colleagues, and it encompasses alerting, spatial orienting and executive attention. After visual 

information passes through the lateral geniculate nucleus, it then converges at the cortical 

nodes. Alerting is where a state of arousal is provoked by an unexpected external stimulus. As 

for orienting, this action involves shifting attention selectively in one’s environment, and it 

may involve head or eye movement (overt) or it may not be associated to head or eye movement 

(covert) (83). Executive attention is defined as a process involved in error detection and 

resolving conflict (82). Attentional control occurs across parietal, temporal and frontal brain 

areas.  

Visual working memory is one’s ability to retain visual information for a few seconds, 

such as colours, letters or shapes. It is also involved in decision-making and action-planning, 

and therefore highly correlated to intelligence. However, with attentional distraction, there can 

be an inability to retain information as memory, even for a short period of time. Attention 

deficits arise when there is damage to the attention network. The parietal cortex area is involved 

in the voluntary allocation of attention, and if this area is damaged due to, for example, a stroke 

on the right side of the parietal area, this could lead to a loss of visual awareness on the left 

side of space. This is known as “neglect”, and would result in the patient only eating food on 

the right side of the plate or not being able to read letters on the left side of a page (84). 

It is also considered that speed of perception is a subdomain of cognitive function. In a 

given direction, motion is detected and integrated by the visual system to produce consistent 

perception of the moving object (85). Reaction time involves the time taken for sensory 

perception to initiation of a motor activity as a voluntary response to a stimulus. There is 
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evidence that medical students with more active lifestyles demonstrated a better reaction time, 

whereas high stress levels have been shown to have a detrimental effect on reaction time. It is 

therefore prudent that medical students avoid a sedentary lifestyle by exercising regularly, 

maintain a healthy body weight and avoid substance abuse (86). 

Convergent thinking encompasses the use of logic, accuracy and speed, and essentially 

means the ability to give a correct answer to a question. It is most useful for situations where 

an already existing answer is ready to be used, and simply needs to be applied appropriately 

according to the circumstance. There is a strong association between convergent thinking and 

knowledge, and it is known that convergent thinking does not require much creativity. 

Divergent thinking, however, uses available information to create multiple or alternative 

answers. This form of thinking is more creative, and involves seeing new possibilities, taking 

risks and the ideas produced are unconventional (87). 

As for psychomotor skills, another cognitive function, they involve the development of 

an organised pattern of muscular activities prompted by environmental signals. Coordinated 

activity with the arms, hands, fingers and feet are particularly emphasised, as they are essential 

for driving a car and for hand-eye coordination tasks, such as typing, sewing and playing a 

musical instrument (88). Psychomotor skills can be classified as “fine” and “gross”. Fine motor 

skills involve the use of smaller muscle groups, such as the hands and fingers, whereas gross 

motor skills use larger muscle groups, such as the arms or legs. The majority of movements 

require a combination of fine and gross motor skills. For example, although writing is seen as 

a fine motor skill, it does require the use of larger muscle groups in the arm. 

A feedback loop is necessary for the refinement of psychomotor skills. Perceptive or 

proprioceptive input creates this feedback loop. Perception is defined as awareness accessed 

through the five senses (sight, hearing, smell, taste and touch), whereas proprioception is 

defined as one’s awareness of their body in space. Together, these aspects permit unconscious 

coordination. Furthermore, coordination and adaptation are two aspects demonstrating 

profession of psychomotor ability. Coordination pertains to combining psychomotor skills, 

such as buttoning a shirt, styling hair, typing, building, performing surgery or dancing. 

Adaptation is the ability to transfer these skills to different contexts. The environment that the 

task must be performed in, the medium involved (such as typing on a computer or playing the 

piano) and the criteria of certain aspects of the task (whether one lifts a box once or several 

times) are all variables concerning the context. The ability to transfer certain psychomotor 

skills to fulfil new job functions is critical, especially in this day with the evolution of 

technology (89).   
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The aim of this study is to investigate if there is an association between IQ test scores 

performed through the Raven’s Advanced Progressive Matrices (APM) and cognitive testing 

through the Complex Reactionmeter Drenovac (CRD) test battery. 

 

The hypotheses of this study are: 

1. A higher IQ score achieved on Raven’s APM will correlate with a faster and more accurate 

performance on test of convergent thinking (CRD11) of the CRD test battery. 

2. A higher IQ score achieved on Raven’s APM will correlate with a faster and more accurate 

performance on light signal position discrimination test (CRD311) of the CRD test battery. 

3. A higher IQ score achieved on Raven’s APM will correlate with a faster and more accurate 

performance on test of operative thinking (CRD411) of the CRD test battery. 

4. Men will have a slightly faster performance on the CRD-series tests than women. 

5. There will be no differences in IQ assessed with Raven’s APM among men and women. 
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Ethical approval for this research was obtained from the Biomedical Research Ethics 

Committee of the USSM (33-1/06). 

 

 

3.1. Participants 

The participants involved in this study were second-year medical students at the 

University of Split School of Medicine (USSM) studying in the English and Croatian 

programme. From 2017-2019, a total of 224 subjects were recruited and they were all required 

to include their age and gender. Exclusion criteria were refusing to participate in this study and 

not being present. The participants were not asked to prepare in advance for any of the tests. 

All of the tests were performed in the morning hours between 8 am to 11 am in a quiet 

laboratory room at the faculty of the USSM. 

 

 

3.2. Intelligence testing 

 The IQ scores of the students were measured under test conditions through a printed 

version of the Raven’s Advanced Progressive Matrices (APM). Students had 30 minutes to 

complete as many of the 36 items of the abstract reasoning test as possible. Each item required 

the student to identify the missing element that would complete the 3 x 3 matrix of patterns 

presented. There was increasing difficulty with each test item, and the student was given a 

choice out of eight possible answers and also a “Do not know” option. The number of items 

answered correctly out of 36 was the score used for measuring performance on this test.  

 

 

3.3. Cognitive and psychomotor performance testing 

The computerised test of CRD-series was used for testing the cognitive and 

psychomotor performance of the participants. The time that is needed to process information 

in this chronometric test represents the psychomotor function of the reaction time (18). Specific 

knowledge and language skills are not necessary for CRD testing, and it can be performed on 

any age group (17). For this investigation, three different representative tests from the CRD-

series were used in the same order, from the simplest to the most difficult test; the speed of 

perception test measuring light signal discrimination (CRD311), the test of operative thinking 

measuring coordinated movements of the participants’ upper and lower limbs (CRD411) and 
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the test of convergent thinking through solving simple arithmetic operations of addition and 

subtraction (CRD11).  

 

Figure 1. CRD device with four panels and a computer. 

 

The CRD311 test measures speed of perception to a visual stimulus. It included 60 

tasks, where the subject would see one random sequence of light appearing from a panel of 

nine square buttons in one row, and was instructed to press the according square below that 

light as quickly as possible when the light appeared using the index finger of the dominant 

hand. Once the correct button was pressed, a new light sequence appeared on the panel and the 

participant had to continue to press the appropriate button under the light until all 60 lights 

were displayed. 

 

Figure 2. CRD311 test panel showing nine square buttons that the participant must press 

immediately when they see the light appear above the button. 
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As for the CRD411 test, which measures complex psychomotor coordination, there was 

a panel where four lights could appear in four circles arranged with two in the top row and two 

in the bottom row. Participants would need to press the button with their corresponding hand 

depending on whether the light appeared on the left or right side in the top row. The two lights 

of the bottom row, whether left or right, required that the individual pushed the pedal on the 

floor with their corresponding foot. It was possible for one, two or three lights to appear in this 

35-item test, which could involve the student pressing both hands or both feet, or one hand or 

one foot, or all possible combinations of hands and feet if all three lights appeared. The next 

task would begin once the previous task was answered correctly, and if more than one light 

was displayed, the corresponding buttons or pedals had to be pressed simultaneously in order 

for the participant to answer the task correctly. 

In the CRD11 test, there was a panel with 12 lights centrally, organized in four columns 

and 3 rows. Above each column as well as right or left to each row was a number that had to 

be used for summation or subtraction. Once the light appeared, it would indicate the numbers 

just above it and right/left to it to be used in mathematical operation. An additional light with 

a (+) or with a (-) would appear in the left/right corner of the panel to indicate whether the task 

needed summation or subtraction. The greatest number on the panel was 13 and there were 35 

tasks to solve in order for the test to end. Subjects were instructed to press the correct answer 

by pressing the result of the sum or the subtraction of the indicated numbers (from 6 to 17), 

presented in the bottom row. The next task appeared once the student correctly answered the 

previous task. 
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Figure 3. CRD11 test displaying a panel where a light may appear to indicate the 

numbers above and right/left of it as well as a light appearing at the (+) or (−) at the top of the 

panel. The respondent then presses the result of the summation or subtraction operation 

calculated. 

 

Before commencing each CRD test, the student was allowed a trial test to familiarize 

themselves with the dynamics of the test to prevent overwhelming the participant. Each student 

had the same variation of each test, so that there were no differences in complexity, and they 

were all required to complete each test as quickly and accurately.  

 

 

3.4. Data collection and statistical analysis 

For statistical analysis, six parameters of each test of the CRD-series were recorded and 

analyzed: total test solving time (TTST), minimum single task solving time (MinT), median 

single task solving time (MedT), start ballast (ST), end ballast (EB), and total ballast (TB). The 

indicators of speed, accuracy and mental endurance were TTST, MinT and MedT. The ballasts 

were descriptors of stability and show the time that was wasted and not spent on solving the 

tests. It was calculated as the sum of differences between time spent on each individual task 

(Ti) and a minimum single task solving time. Start ballast (SB) represented the wasted time 
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during the first half of the test, the end ballast (EB) during the second half of the test, while the 

total ballast (TB) was the sum of SB and EB, i.e., total wasted time during the whole test (18). 

The IQ scores were collected and compared with the performance scores of each of the 

CRD-series tests. The age and gender of the students were also collected. All of this data was 

processed in a table using the spreadsheet software Excel version 11.0 (Microsoft Corporation, 

Washington, USA). 

For statistical analysis MedCalc for Windows, version 11.5.1.0 (MedCalc Software, 

Mariakerke, Belgium) was used. Categorical data were presented as absolute and relative 

frequencies, while continuous variables were presented as mean ± standard deviation, and age 

of subjects was shown as median (minimum, maximum). A comparison of cognitive and 

psychomotor abilities measured by CRD-series tests between men and women was made using 

Student’s t-test for independent samples. The association between performance on CRD-series 

tests and Raven’s APM intelligence test was tested using Pearson’s correlation coefficient. The 

contribution of CRD-series tests results to Raven’s APM test was analysed using multiple 

linear regression. The level of statistical significance was set at P < 0.05. 
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There was a total of 224 medical students involved in this study, of which there were 

72 men and 152 women. The minimum age of the students was 19 years, the maximum age 

was 31 years and the median age was calculated as 21 years (Table 1).  

 

Table 1. Gender and age  

 Total  

N = 224 

Men 

N = 72 (32.14%) 

Women 

N = 152 

(67.86%) 

Age (years) 21 (19-31) 21 (19-31) 21 (19-30) 

Croatian programme, N (%) 171 (76.3) 49 (68.1) 122 (80.3) 

English programme, N (%) 53 (23.7) 23 (31.9) 30 (19.7) 

Age is shown as median (minimum-maximum) 

 

On the test of convergent thinking (CRD11), it was found that men had significantly 

shorter task solving times for both TTST (97.52 ± 18.82 vs. 107.69 ± 20.57, P < 0.001) and 

MinT (1.64 ± 0.28 vs. 1.79 ± 0.30, P < 0.001) than women. Male students also had significantly 

reduced ballast times (P = 0.0370, P = 0.0237 and P = 0.0151; for EB, SB and TB, respectively) 

compared with those of women (Table 2).  

As for the light signal position discrimination test (CRD311), it was demonstrated that 

men had a shorter TTST (27.13 ± 2.17s vs. 28.13 ± 2.46s, P = 0.002), as well as MinT (0.32 ± 

0.04 s vs. 0.34 ± 0.05, P = 0.015) than women. However, there were no significant differences 

in the ballast times between men and women (Table 2). 

On test of operative thinking (CRD411), men had faster reaction times in this limb 

coordination test than their female counterparts. Men had a TTST of 26.93 ± 5.13 seconds, 

whereas women had a longer TTST of 30.77 ± 7.26 seconds (P < 0.001). Men also had a MinT 

significantly shorter than that of the women as shown in Table 2 (P < 0.001). It was also seen 

that the start ballast was longer in women (5.16 ± 0.21s vs. 4.51 ± 0.17s, P = 0.017) than in 

men, and that the end ballast was also longer in women (9.07 ± 3.25s vs. 10.62 ± 4.23s, P = 

<0.001) than in men (Table 2).  
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Table 2. Performance on CRD-series testing in medical students 

 Total  

N = 224 

Men  

N = 72 

Women  

N = 152 
P* 

CRD11     

TTST (s) 104.38 ± 20.54 97.52 ± 18.82 107.69 ± 20.57 < 0.001 

MinT (s) 1.74 ± 0.30 1.64 ± 0.28 1.79 ± 0.30 < 0.001 

SB (s) 19.93 ± 7.57 18.53 ± 6.75 20.69 ± 7.84 0.024 

EB (s) 23.56 ± 9.28 21.81 ± 7.98 24.41 ± 9.77 0.037 

TB (s) 43.49 ± 14.78 40.16 ± 13.38 45.09 ± 15.16 0.015 

NoErr 2.92 ± 2.65 2.44 ±2.48 3.15 ± 2.71 0.058 

     

CRD311     

TTST (s) 27.81± 2.41 27.13 ± 2.17 28.13 ± 2.46 0.002 

MinT (s) 0.34 ± 0.05 0.32 ± 0.04 0.34 ± 0.05 0.015 

SB (s) 4.02 ± 1.01 3.92 ± 0.88 4.07 ± 1.07 0.284 

EB (s) 3.71 ± 0.98 3.78 ± 0.99 3.68 ± 0.98 0.479 

TB (s) 7.73 ± 1.84 7.70 ± 1.69 7.75 ± 1.92 0.857 

     

CRD411     

TTST (s) 29.52 ± 6.87 26.93 ± 5.13 30.77 ± 7.26 < 0.001 

MinT (s) 0.41 ± 0.08 0.38 ± 0.07 0.43 ± 0.07 < 0.001 

SB (s) 4.94 ± 0.20 4.51 ± 0.17 5.16 ± 0.21 0.017 

EB (s) 10.12 ± 4.02 9.07 ± 3.25 10.62 ± 4.23 < 0.001 

TB (s) 15.06 ± 5.54 13.58 ± 4.52 15.77 ± 5.86 0.003 

NoErr 8.38 ± 5.54 6.49 ± 4.20 9.30 ± 5.89 < 0.001 

Data are presented as mean ± standard deviation 

*P values were calculated with the use of Student t-test  

CRD Complex Reactionmeter Drenovac, TTST total test solving time, MinT minimum single 

task solving time, SB start ballast, EB end ballast, TB total ballast, NoErr number of errors 

 

Although there was so significant difference between men and women regarding the IQ 

scores achieved on Raven’s APM test, men achieved a slightly higher score than women (27.12 

± 4.85 and 26.91 ± 5.01, respectively, P = 0.344; Table 3).  
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Students with an APM score of 34 are ranked within the 95th percentile, meaning that 

these students achieved a higher APM score than 95% of the other students in the norm group 

for undergraduate students. An APM score of 21 is within the 5th percentile, and a score of 27 

equates to the 50th percentile (Table 4). The medical students in this study have a mean APM 

score of 27.12 (Table 3), which indicates that on average, these students have an APM score 

of the 50th percentile ranking for the undergrad students (Table 4). Around 30% of the students 

achieved an APM score in range of 25 to 28, 33% with a score between 29 to 32 and only 13% 

excelling with a score of 33 to 36 (Figure 4). 

 

Table 3. APM scores of the students 

 Total Men Women P* 

APM scores 27.12 ± 4.85 27.56 ± 4.52 26.91 ± 5.01 0.344 

Data are presented as mean ± standard deviation 

*P value was calculated with the use of Student t-test  

 

Table 4. APM norms for undergrad students  

Percentile APM result 

95 34 

90 32 

75 30 

50 27 

25 24 

10 22 

5 21 
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Figure 4. Distribution of APM results in our study group  

 

Using Pearson’s correlation coefficient (Table 5), the association between performance 

on Raven’s APM intelligence test and the CRD-series tests was analyzed. This showed that 

APM scores had a negative correlation with the majority of the CRD-series tests.  

On test of convergent thinking (CRD11), task solving times were shorter in students 

with a higher APM score (r = -0.48 for TTST and r = -0.44 for MinT; P < 0.001 for both tests). 

A similar negative correlation was found for the ballast times and APM scores (r = -0.41, -

0.24, -0.36; for SB, EB and TB respectively, all with P < 0.001).  

On the light signal position discrimination test (CRD311), there are shorter task solving 

times in correlation with a greater APM score (r = -0.30 for TTST and r = -0.33 for MinT, P < 

0.001 for both variables). However, there was no significant association between the ballast 

times and the APM scores of the medical students. 

As for the test of operative thinking (CRD411), there was a negative correlation 

between task solving times and APM scores and with a higher APM score, task solving times 

were shorter (r = -0.40 for TTST and r = -0.30 for MinT, P < 0.001 for both). Ballast times also 

demonstrated a negative correlation with APM scores (r = -0.41, -0.34 and -0.40 for SB, EB 

and TB respectively, all with P < 0.001).  
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Table 5. Correlation between APM scores and performance on CRD-series testing 

 Total  

N = 224 

Men  

N = 72 

Women  

N = 152 

 r P* r P* r P* 

CRD11  

TTST -0.48 < 0.001 -0.41 < 0.001 -0.51 < 0.001 

MinT -0.44 < 0.001 -0.38 0.001 -0.45 < 0.001 

SB -0.41 < 0.001 -0.20 0.094 -0.47 < 0.001 

EB -0.24 < 0.001 -0.33 0.005 -0.20 0.013 

TB -0.36 < 0.001 -0.30 0.011 -0.37 < 0.001 

NoErr -0.08 0.233 0.13 0.274 -0.14 0.085 

  

CRD311  

TTST -0.30 < 0.001 -0.25 0.031 -0.30 < 0.001 

MinT -0.33 < 0.001 -0.25 0.032 -0.35 < 0.001 

SB 0.12 0.073 -0.02 0.900 0.18 0.028 

EB 0.13 0.052 0.12 0.317 0.13 0.108 

TB 0.14 0.036 0.06 0.610 0.17 0.040 

  

CRD411  

TTST -0.44 < 0.001 -0.37 0.001 -0.46 < 0.001 

MinT -0.30 < 0.001 -0.22 0.068 -0.33 < 0.001 

SB -0.41 < 0.001 -0.23 0.056 -0.48 < 0.001 

EB -0.34 < 0.001 -0.29 0.013 -0.35 < 0.001 

TB -0.40 < 0.001 -0.30 0.011 -0.43 < 0.001 

NoErr -0.15 0.025 -0.08 0.526 -0.15 0.060 

*P values were calculated with the use of Pearson’s correlation coefficient  

CRD Complex Reactionmeter Drenovac, TTST total test solving time, MinT minimum single 

task solving time, SB start ballast, EB end ballast, TB total ballast, NoErr number of errors 
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A multiple linear regression was performed to analyze the contribution of age, gender 

and CRD-series tests results to APM score (Table 6). Out of the analysed variables, TTST on 

tests CRD11 and CRD411 (β = -0.182, P = 0.009, and β = -0.215, P = 0.002, respectively) as 

well as MinT on test CRD311 (β = -0.158, P = 0.023) significantly contributed to APM score.  

 

Table 6. Regression analysis of APM score based on the multiple linear regression model 

including total test solving time (TTST) and minimum single task solving time (MinT) on 

CRD11, CRD311 and CRD411 tests, age and gender of medical students assessed in the study 

 R2 P* β t P* 

Age 

0.279 < 0.001 

-0.132 -1.901 0.059 

Gender 0.089 1.278 0.203 

CRD11    

TTST  -0.182 -2.650 0.009 

MinT -0.037 -0.531 0.596 

CRD311    

TTST  0.052 0.746 0.457 

MinT -0.158 -2.297 0.023 

CRD411    

TTST  -0.215 -3.147 0.002 

MinT < 0.001 0.007 0.994 

*P values were calculated with the use of multiple linear regression  

CRD Complex Reactionmeter Drenovac, TTST total test solving time, MinT minimum single 

task solving time  
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5. DISCUSSION 
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This study is the first to the best of our knowledge to examine the association between 

IQ test scores performed through the Raven’s APM and cognitive abilities testing through 

Complex Reactionmeter Drenovac (CRD) test battery in medical students. We demonstrated 

that APM scores had a negative correlation with the majority of the CRD-series tests, implying 

that students overall with a greater APM score also had better performance on the CRD-series 

tests.  

On the light signal position discrimination tests (CRD311), students with higher APM 

scores were faster at accurately discriminating light signals than those students with a lower 

APM score. On the tests of convergent thinking (CRD11) and operative thinking (CRD411), 

students with higher APM scores were faster at accurately solving simple arithmetic operations, 

while also having a better stability of performance. Our results are in accordance with the 

results of the previous studies which confirmed that there is an association between different 

domains of cognitive performance and IQ tests, and so individuals who excel on one test would 

also excel on other cognitive tests (16, 90, 91, 92).  

We examined the contribution of age, gender and performance on the CRD-series tests 

results to the APM score, and it was found that task solving times TTST on both tests CRD11 

and CRD411 and MinT on test CRD311 had a significant contribution to the APM score. This 

establishes that shorter task solving times on these two CRD-series tests correlate with a greater 

APM score. 

For the speed of perception test (CRD311), given that it is a subdomain of cognitive 

function (85), it is no surprise that a higher IQ would lead to a faster response at detecting the 

light stimulus. Similar results were found in a study exploring the relationship between 

intelligence and visual recognition memory in adolescents. Intelligence (IQ) was measured 

using the Raven’s Standard Progressive Matrices (RPM) and visual recognition was measured 

by the subtest Pattern Recognition Memory (PRM) of the Cambridge Neuropsychological Test 

Automated Battery (CANTAB). The PRM tests visual pattern recognition memory in a 2-

choice forced discrimination paradigm. Each participant sees a series of 12 visual patterns one-

by-one on the screen and it is required that each subject chooses between a pattern that has 

already been viewed and a new one, and then the patterns appear in a reversed order. The 

number and percentage of correct and incorrect answers and the mean correct and incorrect 

answers latency are measured. A correlation was found between the PRM mean correct and 

incorrect answers latency and the IQ score from the RPM, where higher scores on RPM were 

associated with a faster time on answering the PRM test (93). 



36 

 

Furthermore, a Generation R study assessed the relationship of IQ and neurocognition 

in children. Intelligence was measured through the shortened version of the Snijders-Oomen 

Niet-verbale intelligentie Test-Revisie, which is a nonverbal IQ test ideal for children aged 2.5 

to 7 years. Cognitive performance domains including language, memory and learning, attention 

and executive functioning, visual processing and sensorimotor functioning, were assessed 

using the Developmental Neuropsychological Assessment-second edition-Dutch edition 

(NEPSY-II-NL). It was revealed that children with a greater IQ score performed significantly 

better on the NEPSY-II-NL test and the strongest relationship was seen on the tasks involving 

the visuospatial processing domain (94), further supporting our observation that an increased 

IQ score is correlated with an improved performance on the test of speed of perception. Thus, 

one might presume that the students with higher IQ scores are probably more likely to process 

information at a faster rate. 

Our results revealed that a better performance on the test of convergent thinking 

(CRD11) correlates with a higher IQ. This is probably due to being able to provide correct 

answers quickly to these arithmetic operations, and medical students in general often already 

have had greater mathematical knowledge and arithmetic skills with secondary school grades 

for maths reflecting this. The Mini-Mental Sate Examination (MMSE) assesses convergent 

thinking through calculation (56). A positive correlation between scores on the Peabody Picture 

Vocabulary Test-Revised (PPVT-R) and cognitive performance on the MMSE was revealed in 

a study involving elderly patients (90). PPVT-R estimates IQ by measuring one-word receptive 

vocabulary, and this test was moderately correlated with scores from the Raven Matrices (95). 

This relationship was found in both; patients with no brain dysfunction and patients with either 

Parkinson’s, Alzheimer’s or cerebrovascular disease. This study therefore revealed that a 

greater IQ score would lead to an improved cognitive performance on the MMSE (90), 

including convergent thinking, which is also represented in our study. 

Likewise, a greater IQ score associated with faster reaction times on the test of operative 

thinking (CRD411) could be explained by a greater speed of processing (16) and possibly better 

attention. A previous study examined the correlations between results on IQ test and the 

MATRICS Consensus Cognitive Battery (MCCB), which measured seven domains of 

cognitive function: attention, speed of processing, verbal learning, visual learning, working 

memory, social cognition and problem-solving. This study proved that those with greater IQ 

scores performed better on the MCCB, especially regarding the speed of processing domain 

(16).  
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MyCognition Quotient (MyCQ) is an online test battery that through 10 subtests 

measures five primary cognitive domains: attention, psychomotor speed, episodic memory, 

working memory and executive functioning. A previous showed that the majority of the MyCQ 

domains correlated with each other. In particular, it was also seen that a higher IQ score was 

associated with better performances on the MyCQ psychomotor test and executive functioning 

test (92). This further reinforces the evidence of greater IQ score correlating with a better 

achievement on the test of operative thinking (CRD411) used in our study. Another study 

demonstrated the same correlation between IQ testing and cognitive performance, including 

simple psychomotor abilities such as finger tapping speed. WAIS and WAIS-R Full-Scale IQ 

scores and their association with performance on the cognitive test battery consisting of the 

Wide Range Achievement Test (WRAT), the Halstead-Reitan Battery (HRB) and the Wechsler 

Memory Scale (WMS) were investigated. A strong relationship was found between IQ score 

and scores on memory tasks, auditory and linguistic measures, problem-solving tasks, tactual 

imperceptions and academic achievement levels in heterogeneous adult neuropsychiatric 

samples. There was especially a strong association between IQ and WRAT score, as well as 

with education level and academic achievement in these subjects (91). 

Our results revealed that gender had an effect on the performance on the CRD-series 

tests, but not on the Raven’s APM tests. More precisely, shorter reaction times and shorter 

ballasts on the tests of convergent thinking (CRD11) and those of operative thinking (CRD411) 

indicated that the male students were in general faster and had more stable performance than 

women at solving these simple arithmetic operations and in psychomotor coordination, 

respectively. It was also seen that men had shorter reaction times on the light signal position 

discrimination test (CRD311) than women. Our results further support previous findings which 

have identified that males usually have better calculation skills (26) and they typically have 

better motor and visuospatial skills, while females are better in verbal abilities (25). While there 

is evidence that females and males share several similarities regarding their cognitive abilities, 

there exists a large difference for motor performance whereby males usually have better results 

than females in this cognitive ability (33). This is also demonstrated by a previous investigation 

also studying the association of gender and performance on the CRD-series tests, which 

revealed that men achieved better results than women on convergent thinking (CRD11) and 

psychomotor (CRD411) tests. The type and style of playing as a child most likely permitted 

better performance in the psychomotor testing in men (96). 
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This study is not without limitations. Even though the majority of the participants were 

students of the Croatian programme, we believe that this did not influence the results, given 

that neither APM nor CRD-series tests are culture or language sensitive. Furthermore, it is 

convincing that the student’s academic abilities and education background may have provided 

them with better cognitive abilities. However, in our study the medical students on average had 

an APM score of the 50th percentile according to the norms of the undergrad students. Thus, 

we believe that our study sample was representative for the student population. Other factors 

such as lifestyle and sleep habits, as well as chronotype might have had impact on the students’ 

performance, especially having in mind that all of the tests were carried out in the morning 

hours from 8am to 11am. However, we believe that accounting for these confounders would 

not materially change the observed effects since the observed effects were large. 
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6. CONCLUSION 
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The aims of this research were to investigate the correlations between the IQ score of 

medical students using the Raven’s APM and their cognitive performance through the CRD-

series tests, as well as to compare the differences in performance between the men and women 

of this study. Our results indicate that achieving a higher APM score is associated with a greater 

performance on the CRD-series tests, and therefore greater cognitive abilities for convergent 

thinking, operative thinking and speed of perception. Men overall also were slightly better than 

women on these tests. 
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Objectives: The aim of this study is to investigate the correlations between IQ test scores 

performed through the Raven’s Advanced Progressive Matrices (APM) and cognitive testing 

through the Complex Reactionmeter Drenovac (CRD) test battery. 

Subjects and methods: From 2017-2019, 224 medical students at the University of Split 

School of Medicine (USSM) studying in the English and Croatian programme were recruited 

for this study. The IQ scores of the students were assessed using Raven’s APM where students 

had 30 minutes to complete 36 items of the abstract reasoning test. The computerised test of 

CRD-series was used for testing reaction times of light stimulus perception (CRD311), 

complex psychomotor limb coordination (CRD411) and solving simple arithmetic operations 

(CRD11). The total test solving time (TTST) and the minimum single task solving time (MinT), 

were analyzed. 

Results: On test of convergent thinking (CRD11), task solving times were shorter in students 

with a higher APM score (r = -0.48 for TTST and r = -0.44 for MinT; P < 0.001 for both tests. 

The light signal position discrimination test (CRD311) had shorter task solving times in 

correlation with a greater APM score (r = -0.30 for TTST and r = -0.33 for MinT, P < 0.001 

for both variables). The test of operative thinking (CRD411) also demonstrated a negative 

correlation between task solving times and APM scores and with a higher APM score, task 

solving times were shorter (r = -0.40 for TTST and r = -0.30 for MinT, P < 0.001 for both). 

Men displayed a significantly shorter TTST than women on these tests; CRD11 (97.52 ± 18.82s 

vs. 107.69 ± 20.57s, P < 0.001), CRD311(27.13±2.17s vs. 28.13±2.46s, P = 0.002) and on 

CRD411 (26.93 ± 5.13s vs. 30.77±7.26s, P < 0.001). 

Conclusion: This study concludes that achieving a higher APM score is associated with a 

greater performance on the CRD-series tests, and therefore greater cognitive abilities for 

convergent thinking, operative thinking and speed of perception. Men overall also were slightly 

better than women on these tests. 
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Naslov: Povezanost rezultata u različitim domenama kognitivnih sposobnosti studenata 

medicine 

Ciljevi: Cilj ove studije je istražiti povezanost između inteligencije ispitane pomoću 

Ravenovih naprednih progresivnih matrica (APM) i kognitivnih sposobnosti ispitanih 

testovima Complex Reactionmeter Drenovac (CRD) serije. 

Materijali i metode: Od 2017. do 2019. godine u ovom istraživanju sudjelovalo je 224 

studenta medicine Medicinskog fakulteta Sveučilišta u Splitu koji studiraju na engleskom ili 

hrvatskom programu. Inteligencija studenata izmjerena je pomoću Ravenovih APM-a gdje su 

studenti tijekom 30 minuta rješavali 36 zadataka testa apstraktnog rasuđivanja. 

Kompjuterizirani test CRD serije korišten je za ispitivanje vremena reakcije prilikom 

percepcije svjetlosnih podražaja (CRD311), složene psihomotoričke koordinacije udova 

(CRD411) i rješavanja jednostavnih aritmetičkih operacija (CRD11). Od rezultata postignutim 

na testovima analizirani su ukupno vrijeme rješavanja testa (TTST) i najkraće vrijeme 

rješavanja jednog zadatka (MinT). 

Rezultati: Na testu konvergentnog mišljenja (CRD11) vrijeme rješavanja zadataka bilo je 

kraće u studenata s višim APM rezultatom (r = -0,48 za TTST i r = -0,44 za MinT; P <0,001 

za oba testa). Na testu razlikovanja položaja svjetlosnog signala (CRD311) vremena rješavanja 

zadataka su bila kraća u studenata s višim APM rezultatom (r = -0,30 za TTST i r = -0,33 za 

MinT, P <0,001 za obje varijable). Na testu operativnog mišljenja (CRD411) također je 

pronađena negativna korelacija između vremena rješavanja zadataka i rezultata APM-a (r = -

0,40 za TTST i r = -0,30 za MinT, P <0,001 za oba). Muškarci su imali kraće TTST od žena 

na testovima: CRD11 (97,52 ± 18,82s vs. 107,69 ± 20,57s, P <0,001), CRD311 (27,13 ± 2,17s 

vs. 28,13 ± 2,46s, P = 0,002) i na CRD411 (26,93 ± 5,13s vs. 30,77 ± 7,26 s, P <0,001). 

Zaključci: Ovo istraživanje pokazalo je da je bolji APM rezultat povezan s boljim učinkom na 

testovima CRD serije, a time i boljim kognitivnim sposobnostima za konvergentno mišljenje, 

operativno mišljenje i brzinu percepcije. Muškarci su također bili nešto bolji od žena na ovim 

testovima. 
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