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ABSTRACT 

Current intelligence tests rely on performance-based paradigm which possesses flaws that cannot be completely 

avoided. Based on previous studies, this essay discussed new paradigms that can potentially reduce the flaws 

including genes prediction, brain-scanning technique, and overexcitability tests. On the contrary, the analysis also 

included recent findings and theories that may lead to a new understanding towards intelligence. Thus, in this essay, 

the author suggests short-term and long-term directions for future intelligence tests improvements. In short-term, 

based on the differences in brain structures of males and females that were found in previous study, it is possible that 

males and females reach the same level of cognitive abilities with different neural substrates. Thus, it can be necessary 

that the brain-scanning technique for intelligence tests should develop 2 different paradigms for males and females. In 

the long-term, we emphasize the importance of Embodied Cognition Theory in testing human intelligence in which 

stated that it may be too deterministic to estimate human intelligence only by observing brain structures. 
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1. INTRODUCTION 

Since the invention of the first intelligence test, the 

Binet-Simon scale, intelligence testing has been studied 

and improved for more than 100 years. Nowadays, the 

most widely used intelligence scale is WAIS for both 

adolescents and adults [1]. The latest version of WAIS 

is WAIS-IV, it is a composite of four factors (verbal 

comprehension, perceptual reasoning, working memory, 

and processing speed) that integrate researches of 

intelligence, cognitive neuroscience, and ageing [2].  

Despite the intelligence tests has been improved for 

more than 100 years, the essential underlying problems 

are never solved. Even though the data collection for 

WAIS-V is progressing through 2020 spring [3], the 

problems of WAIS series are not likely to be overcome. 

Current intelligence tests have at least three flaws. 

Firstly, they are mostly performance-based tests. This 

means that the performance on the tests are unlikely to 

represent one’s mental ability perfectly because the 

performances can be influenced by other factors. A 

classic example is given by Haier [4] in which he stated 

that although SAT is highly correlated to intelligence 

test scores [5], the SAT scores of a student can be 

lowered due to bad health conditions or be raised by 

SAT preparatory courses but it does not mean that the 

student’s IQ is raised in either circumstance. Secondly, 

the performance-based tests have low reliability for 

extreme-IQ subjects because of the ceiling effect and the 

floor effect. Thirdly, current intelligence tests are 

performance-based tests that estimate one’s theoretical 

relative rank order in the population. Therefore, it is 

impossible to eliminate standard error. Because of the 

disadvantages, it is important to develop a new testing 

paradigm that is based on mechanism of IQ and 

generate ratio data or can at least remedy current 

intelligence tests. This essay will review and discuss the 

achievements made in genetics and neuroscience and 

discuss the probability of developing mechanism-based 

tests in each area. In particular, we will discuss the 

development prospects of each directions in order to 

suggest the efficacy and future application scenarios 

respectively. In consideration of the knowledge gaps, it 

is hard to develop a decent mechanism-based 

intelligence test. Thus, we also suggest some findings 

that can be integrated into current intelligence tests 

based on the studies on the extreme-IQ population. 

Additionally, based on some counter-intuitive findings 

or theories, we also suggest the short-term and 

long-term aims for future researches that tries to develop 

new testing paradigms.  
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2. OVERVIEW OF HUMAN 

INTELLIGENCE MEASUREMENTS 

2.1 Genetic Prediction: 

Given the disadvantages of current intelligence tests, 

some studies of genes and neuroscience have some new 

achievements on developing mechanism-based 

intelligence tests. One of the most popular directions is 

to predict IQ with genes. For example, the genome-wide 

polygenic scores for years of education and intelligence 

can predict more than 10% of the variance in 

intelligence [6]. Moreover, the prediction can be 

improved through several methods, such as using larger 

GWA samples and whole-genome sequencing [7] and 

using samples with extreme high IQ [8]. However, the 

genetic predictions are unlikely to replace current IQ 

tests based on existing results. Firstly, according to the 

twins and adoption studies, DNA difference can only 

explain 50% of the variance of intelligence 

approximately. This means that even the perfect 

gene-prediction model can only explain half of the 

variance of intelligence, which makes the prediction not 

reliable enough. Secondly, the genetic predictions 

completely ignore the changes of IQ throughout the life. 

Generally, many studies concluded that IQ is relatively 

stable throughout life. For example, Deary et al. [9] 

found that the IQ scores at age 11 and age 77 have a 

strong positive correlation of 0.73. However, recent 

study by Ramsden et al., [10] finds that the verbal IQ 

(−20 to +23), performance IQ (−18 to +17), and 

full-scale IQ (−18 to +21) all have the potential to 

decrease or increase more than 1 SD (15 points). 

Furthermore, the ratios of the sample show that 

significant IQ changes are 39% in VIQ, 21% in PIQ, 

and 33% in FSIQ which suggests that the IQ changes 

are fairly common in adolescents. This makes the 

genetic predictions only useful for early warning but not 

mature intelligence tests. 

2.2 Brain scanning: 

Another method that may replace current 

intelligence tests is the brain scanning method. Based on 

the results of the relevant studies, intelligence has been 

linked to several neural characteristics, including brain 

volume [11], white matter integrity [12], resting-state 

brain activity [13] and so on. Until now, it has been 

shown that it is possible to predict intelligence by 

observing brain structures. One of the most 

representative theories is the Parieto-Frontal Integration 

Theory (P-FIT) [14] which found that the distributions 

of neural networks can predict intelligence and 

reasoning performance. In particular, the P-FIT model 

includes 14 Brodmann Areas that mainly lies in 

dorsolateral prefrontal cortex, the inferior and superior 

parietal lobule, the anterior cingulate, and some regions 

in the temporal and occipital lobes. Jung and Haier also 

identified some relevant white matter regions in their 

model. Overall, they believed that the processing stages 

and interactions of the Parieto-Fronto regions are 

account for solving abstract questions. Although Jung 

and Haier admitted that there are probably more regions 

that play roles in human intelligence, the Parieto-Fronto 

regions account for the individual differences in 

intellectual performances.  

Given the knowledge of P-FIT, many studies tried to 

explore the correlations between the functional 

connectivity of brain and intelligence. A notable 

example was illustrated by [15]. In this study, they 

found a significant correlation between fMRI 

resting-state connectivity, especially between P-FIT 

regions and matrix reasoning, an estimation of fluid 

intelligence. The experiment paradigm is shown in 

Picture 1. As a result, they identified several 

connections within P-FIT area whose functional 

connectivity rest-state strength are correlated to 

intelligence. Another study by Finn et al. [16] tried to 

predict intelligence with functional connectivity profile 

of different individuals. They used 

leave-one-subject-out cross-validation to demonstrate 

that fluid intelligence can be potentially predicted with 

connectivity profile of a person. The results showed that 

the correlation between predicted and observed fluid 

intelligence of the positive-feature model was r=0.50, 

p<10-9 for both whole-brain connectivity and 

frontoparietal networks, demonstrated in Figure 2, The 

Correlation Between Predicted Intelligence and 

Observed Intelligence.  
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Figure 1 The Correlation Between Predicted Intelligence and Observed Intelligence 

 

Figure 2 Methodological Sequence for the Parcellation of Brain Scans, The Computation of Resting-State 

Connectivity Matrices, and the Analysis of Associations Between Functional Connectivity and Matrix Reasoning 

Performance 

2.3 Overexcitability: 

As previously mentioned, one of the most 

troublesome problems of current intelligence tests is the 

high standard error generated when testing high-IQ 

subjects (145+ IQ). To reduce this problem, a potential 

method is to integrate other performance-based tests that 

aim at other characteristics of high-IQ groups when 

testing their IQ in order to improve the reliability. One 

important theory about the high-IQ groups is the 

Overexcitability Theory by Dabrowski [17] which 

claimed that there are five types of overexcitability that 

can be frequently found in gifted population including 

psychomotor, intellectual, emotional, sensual, and 

imaginational overexcitabilities. According to two 

meta-analysis, it has been found that the mean scores for 

all five overexcitabilities are higher in high-IQ groups 

than in normal groups, especially for the intellectual 

over [18] [19]. Furthermore, Steenbergen-Hu [19] 

compared the overexcitability levels and the giftedness 

for the gifted participants and found that the highly 

gifted subjects scored significantly higher than their 

other participants in overexcitability which implied that 

overexcitability level increases with giftedness and is 
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more prominent in highly gifted groups. Based on the 

results, many researchers believed that it is possible to 

discriminate high IQ by observing participants’ 

overexcitability levels [20] [21] [22]. Despite the 

possibility, it is still a far vision and need further studies 

to make it come true. It is even possible that previous 

scientists overlooked the correlations between 

overexcitabilities and intelligence. 

3. FUTURE DEVELOPMENT 

PREDICTION 

3.1 Short-term Direction: 

Based on current achievements, the most realistic 

method that can replace current intelligence tests is 

brain-scanning method. However, except for keeping 

study to increase the accuracy, it is possible that 

different paradigms are needed for different genders to 

make the brain-scanning method become mature. The 

possibility is shown in the study by Fraenz et al. [15] in 

which the model they built explained less variance when 

the subsample was male compared to the overall 

samples and did not reach the statistics significance 

(R2adj = 2.20%, p = .066). On the contrary, the model 

explained the highest variance in the female subsample 

(R adj = 7.23%, p < .001). Similar patterns were found 

in another sample even though the model for the male 

subsample reached statistics significance (R2adj = 

1.96%, p < .05). This finding aligns to previous 

findings. For example, in the study by Genc et al. [23] , 

they found that cortex volume predicts the BOMAT 

scores best in male participants while the functional 

resting-state connectivity measured based on graph 

theory predicts best in female participants. Moreover, it 

has been shown that brain volume is correlated to 

intelligence [11] but the brains in females are 10% 

smaller than that those in males [24] with no substantial 

difference in IQ. These findings together may suggest 

that despite similar mental abilities, the mechanisms that 

females and males rely on can be different. Thus, if 

future studies are trying to perfect the brain-scanning 

method, they should aim to develop the tests separately 

for males and females.   

3.2 Long-term Direction:  

All the methods that have been previously discussed 

are reductionistic or deterministic to some extent 

because of the Embodied Cognition Theory in which it 

stated that the human cognitions are shaped by the 

whole body and are highly related to perception, action, 

and emotion [25]. According to this theory, the results 

of all potential intelligence tests that have been 

discussed cannot represent the whole human intelligence 

because neither of them consider the roles perceptions, 

actions, emotions, and even the whole physical body 

play in human intelligence. In fact, lots of evidence has 

indicated this flaw. For example, in recent neuroscience 

research, it has been found that the neural substrates that 

support human cognitions are highly linked to those that 

control sensory and motor [26]. Moreover, previous 

study found that general intelligence and personality can 

reliably predict emotional intelligence [27]. More 

importantly, they found that emotional intelligence and 

general intelligence share a lot of neural resources 

especially in frontal, temporal and parietal brain regions, 

which provided strong evidence for Embodied 

Cognition Theory. In addition, Kersten [28] revealed 

that we understand abstract based on internal 

body-based model. Despite abundant of evidence has 

revealed the flaws of current intelligence tests, few 

studies have tried to integrate the findings of Embodied 

Cognition Theory into intelligence tests. For example, 

emotional intelligence and general intelligence are often 

separately measured in psychology researches. 

However, it is worth questioning that to what extent do 

these two constructs independent to each other. 

Moreover, recent studies have also found some 

correlations between intelligence and perceptual organs. 

A classic example is the study by Tsukahara and Engle 

[29] in which they found that larger pupil size is 

correlated to better cognitive abilities. It is intriguing to 

conclude that such kind of findings are just byproducts 

of high intelligence or the products of genes that cause 

high intelligence. Nevertheless, future study should 

explore whether there are causal relationships that lies 

under such findings.    

4. CONCLUSION 

In this essay, we have identified some flaws of 

current performance-based intelligence and discussed 

new paradigms that recent studies are developing 

including genes prediction, brain-scanning techniques, 

and over excitability tests. In addition, both short-term 

and long-term improvement directions are also 

suggested. In near future, researchers should try to 

develop brain-scanning intelligence tests separately for 

males and females because of the different mechanisms 

they rely on to achieve same mental abilities. In far 

future, Embodied Cognition Theory should be 

integrated into intelligence tests to reliably test human 

intelligence. In order to achieve this, the correlations 

between human cognitions and other abilities, such as 

perceptions, actions, and emotions should be more 

deeply studied.  
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