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This article reports an investigation of how inhibition contributes to fluid reasoning when it is de-
composed into the reasoning ability, item-position, and speed components to control for possible 
method effects. Working memory was also taken into consideration. A sample of 223 university 
students completed a fluid reasoning scale, two tasks tapping prepotent response inhibition, and 
two working memory tasks. Fixed-links modeling was used to separate the effect of reasoning abil-
ity from the effects of item-position and speed. The goodness-of-fit results confirmed the necessity 
to consider the reasoning ability, item-position, and speed components simultaneously. Prepotent 
response inhibition was only associated with reasoning ability. This association disappeared when 
working memory served as a mediator. Taken together, these results reflect the inhomogeneity of 
what is tapped by the fluid reasoning scale on one hand and, on the other, suggest inhibition as an 
important component of working memory.
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INTRODUCTION

Fluid reasoning—also referred to as fluid intelligence—has been 

conceptualized as the ability to solve novel and complex problems by 

means of mental operations such as identifying relations, concept for-

mation, drawing inferences, classification, and so forth (Cattell, 1963). 

Compared with crystallized intelligence, fluid intelligence is relatively 

less influenced by educational and cultural factors. During the last 

decades, there has been an increasing interest in exploring the cogni-

tive basis underlying fluid reasoning. A number of cognitive resources, 

such as working memory (e.g., Ackerman et al., 2005; Kane et al., 

2005), processing speed (Fry & Hale, 1996), and executive functions 

(Friedman et al., 2006), have been identified. Among those cognitive 

functions, inhibition is a controversial one since it has been assumed 

to be a key component of executive functioning (Miyake et al., 2000) 

that is essential for both working memory (WM) and fluid reasoning 

(Engle, 2002). However, the available evidence regarding the relation-

ship between inhibition and fluid reasoning is not unequivocal. Some 

recent studies provide supporting evidence (e.g., Shipstead et al., 2014; 

Unsworth et al., 2014), while others fail to do so (e.g., Friedman et al., 

2006; Rey-Mermet et al., 2019). A possible reason for these inconsist-

ent results are the method effects, such as the effect of latent processing 

speed (Chuderski, 2013, 2015) and the effect of item-position (Lozano, 
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2015; Ren et al., 2017), which may impair the quality of fluid reasoning 

measurement. In order to rule out impairment due to such method 

effects, we investigated the relationships between inhibition, WM, and 

fluid reasoning using a refined representation of fluid reasoning.

Inhibition and Fluid Reasoning
Inhibition, together with updating and shifting, have been identified as 

three major components of executive functioning (Miyake et al., 2000). 

Since inhibition plays a role in suppressing irrelevant impulses or 

stimuli that potentially distract attention from the task-relevant goals 

(Nigg, 2000), it is considered essential for human thinking (Garavan et 

al., 1999). Despite the large amount of research into inhibition, there 

are still some inconsistencies that may obscure the communication 

in this field. On one hand, different terms, for example, “executive 

control” or “attentional control” have been used interchangeably; on 

the other hand, different researchers who use the same term may refer 

to different types of inhibition. According to Friedman and Miyake 

(2004), there are three main types of inhibition: prepotent response 

inhibition, resistance to distractor, and resistance to proactive interfer-

ence (PI). In the current study, we mainly focused on the prepotent 

response inhibition, which has been described as the ability to delib-

erately suppress dominant, automatic, or prepotent responses (Miyake 

et al., 2000). We chose to focus on this type of inhibition since it repre-

sents a key dimension of inhibition in actively suppressing distractions 

(Friedman & Miyake, 2004). In addition, overriding habitual responses 

is a primary function of the supervisory attentional system (Norman & 

Shallice, 1986), which has been suggested to be significantly involved 

in fluid reasoning tasks (Engle, 2002). 

Inhibition is considered important for completing the items of fluid 

reasoning measures (e.g., Dempster, 1991; Ren et al., 2017; Shipstead et 

al., 2014; Unsworth et al., 2014). This does not depend on the availabili-

ty of specific knowledge, but requires the identification and subsequent 

application of abstract rules. During such complex cognitive process-

ing, the prevention of interruptions is an important precondition for 

arriving at correct solutions since there are irrelevant rules or alterna-

tives that may divert one’s attention to a wrong answer. However, the 

expectation of a relationship between inhibition and fluid intelligence 

is not unanimously supported by recent studies (e.g., Chuderski et al., 

2012; Friedman et al., 2006; Rey-Mermet et al., 2019). For example, 

Friedman et al. (2006) examined the relationships between executive 

functions (i.e., updating, shifting, and prepotent response inhibition) 

and fluid intelligence. Whereas their results provided evidence for the 

assumed relationship between updating and fluid intelligence, the cor-

relations for inhibition and shifting were of negligible size only. 

The other issue of importance concerns the relationship between 

inhibition and WM. Inhibition has proved to be important for holding 

information temporarily in WM (e.g., Engle, 2002; Vogel et al., 2005). 

Engle (2002) describes WM as the ability to hold information in the 

face of possible interference. That is, individuals with high WM capac-

ity are suggested to outperform their low-WM capacity counterparts 

especially when interference makes it difficult to hold information. 

According to Vogel et al. (2005), individual differences in WM capacity 

are partly due to variation in the active suppression of irrelevant in-

formation entering into WM. Low-WM capacity individuals are more 

likely to encode irrelevant information into WM than their high-WM 

capacity counterparts. Therefore, individuals showing stronger resist-

ance to interference can maintain more relevant and useful informa-

tion and thus perform better during fluid reasoning tests (Chuderski et 

al., 2012; Unsworth, 2010). 

However, inhibition can be triggered either consciously or un-

consciously (Chiu & Aron, 2014). On one hand, controlled processes 

may undergo automatization due to frequent practice (Nordgren et 

al., 2011). For example, Chiu and Aron (2014) found that automatic 

inhibition emerges in an executive setting when the inhibition task 

undergoes multiple training. On the other hand, WM is considered to 

be essentially controlled processing and includes interference control. 

Therefore, after frequent practice inhibition may operate outside the 

framework of WM. In this case, inhibition may still, to some degree, 

be a unique source of individual differences in fluid reasoning. This 

line of reasoning suggests that inhibition might also contribute to fluid 

reasoning without mediation by WM.  

Considerations Regarding the 
Measurement of Fluid Reasoning: 
The Speed Effect
As indicated above, one reason for the observed differences in the 

relationships between inhibition, WM, and fluid intelligence can be 

varying influence of processing speed. Processing speed may lead to an 

overestimation of these relationships. According to Chuderski (2013, 

2015), fluid intelligence and WM are virtually indistinguishable if fluid 

intelligence is measured by highly speeded measures. Such measures 

have to be completed within an insufficient time span. Prolonging the 

time span for measurement decreases the correlation between fluid 

intelligence and WM. Furthermore, a similar effect has also been ob-

served in correlations between inhibition and fluid reasoning. Since 

inhibition tasks are usually reaction time (RT) measures and likely 

to be confounded with general processing speed, Rey-Mermet et al. 

(2019) assessed inhibition through accuracy and found that none of 

the inhibition measures were consistently related to fluid intelligence. 

This result suggests that the correlation observed between inhibition 

and fluid reasoning may be due to the influence of speed on both meas-

ures creating a commonality that boosts the correlation.  

A restricted time span for completing a fluid reasoning scale usu-

ally means that some participants are able to complete all items and to 

achieve highest possible scores, whereas others cannot; they stay below 

what they could reach otherwise (Oshima, 1994). Therefore, process-

ing speed influences the outcome of testing. A possible provision for 

overcoming this problem is to control for the influence of processing 

speed on testing in the statistical analysis. This requires the confirma-

tory factor model to be enlarged by including an additional latent 

variable representing processing speed. This latent variable is expected 

to capture the variation due to processing speed because of the time 

limit (Schweizer et al., 2018; Schweizer et al., 2019; Ren et al., 2018; 

Zeller et al., 2018). In a previous study, Ren et al. (2018) investigated 
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a reasoning test with a time limit by means of a confirmatory factor 

model that separated the processing speed component from the ability 

component. The results showed that there was a substantial correlation 

between the speed component of the reasoning test and measures of 

processing speed. This confirmed the nature of the speed component 

and its suspected influence on the estimation of the correlations be-

tween fluid reasoning and the other cognitive constructs. 

Since latent processing speed can be assumed to show a normal 

distribution, the effect of latent processing speed on responding is 

likely to follow the cumulative normal distribution. This course of 

the effect of latent processing speed can be employed for decompos-

ing the observed variation into components, one of which represents 

latent processing speed. The decomposition requires the constraint of 

the loadings on the corresponding factor according to how the effect 

of latent processing speed is assumed to unfold. The loadings on the 

speed factor are constrained using numbers obtained by the logistic 

function that approximates the cumulative normal distribution func-

tion (cf., Schweizer et al., 2019; Zeller et al., 2018). 

The Effect of the Item-Position on 
Fluid Reasoning
Another effect frequently observed in scales of fluid reasoning is 

referred to as item-position effect since its size depends on the item 

position (e.g., Birney et al., 2017; Debeer & Janssen, 2013; Zeller et al., 

2017). This effect contributes to the systematic variation of an item so 

that the response to an item is not only due to an individual’s ability but 

also to the position of the item within the test (Schweizer et al., 2011). 

This effect, observed in reasoning items, has been ascribed to learning 

(Carlstedt et al., 2000; Embretson, 1991; Verguts & De Boeck, 2002). 

This assumption can be explained, for example, by the low number of 

rules that underlie all reasoning test items so that the detection of a rule 

in one item may facilitate performance on others. Ren et al. (2014) have 

shown that the latent variable capturing this effect correlates with the 

latent variable derived from learning tasks.

This effect of item position can also be separated from reasoning 

ability by means of a latent variable added to the measurement model 

(Ren et al., 2014). That is, the item-position effect can be captured by 

decomposing the observed variation into parts. For this purpose, num-

bers have to be selected as factor loadings that reflect the unfolding of 

the effect. Since the item-position effect is assumed to show a mono-

tonic increase, numbers achieved by components of the polynomial, 

as, for example, by a linear or quadratic function have so far served for 

this purpose (Zeller et al., 2017). 

The Current Study
To sum up, the main objective of the current study was to achieve an 

estimate of the relationship between inhibition and fluid reasoning 

after eliminating the influences of latent processing speed and item-

position. Theory-guided variance decomposition by means of fixed-

links models (Schweizer, 2008) served as the control of the influences 

of processing speed and item-position on the investigated relation-

ship. We included two measures of inhibition so that either separated 

representations of inhibition or a unified hierarchical one could be 

linked to fluid reasoning. According to the executive attention theory 

(Engle, 2002), inhibition is assumed to predict reasoning ability even 

after the item-position and speed effects are statistically controlled for 

(Hypothesis 1).

A second objective was to examine the relationship of inhibition 

and WM in predicting fluid reasoning. Considering inhibition as part 

of WM suggests full mediation. Since inhibition may be triggered ei-

ther consciously or unconsciously, there is the possibility of a partial 

instead of a full mediation by WM (Hypothesis 2).

METHOD

A total of 223 university students (100 males) aged between 16 and 

27 years (M = 19.87, SD = 1.74) participated in the study. Participants 

were recruited from Zhejiang University. The structural investigation 

of fluid reasoning was based on the whole sample; since the data of 17 

participants were incomplete, they were excluded from the further in-

vestigations. Participants received course credits or a financial reward 

(30 RMB) for participation.

Measures

ABSTRACT REASONING SCALE (ARS)
This scale is selected from an intelligence test battery and frequent-

ly used to assess fluid reasoning (Horn, 1983). It consists of 40 items 

presented in an ascending order of difficulty. Each item is composed of 

a series of nine numbers or letters. The arrangement of eight numbers 

or letters follows a rule but one does not. Participants had to infer the 

rule and cross out the number or letter that did not follow the rule. The 

time limit for completing all items was 8 min. Responses to each item 

were recorded as binary data. Only the last 15 items of the ARS were 

used for modeling since the first 25 items were too easy for university 

students so that there was no or virtually no variance. These 15 items 

showed good reliability (Cronbach’ α = .79) and a virtually perfect cor-

relation (r = 0.96, p < .001) with the total ARS score.

LETTER SPAN TASK (LST)
This task was used to tap verbal WM (Wang et al., 2017). 

Participants were asked to memorize a series of unrelated consonants 

while performing verbal judgement subtasks. Each trial started with a 

fixation point displayed on the computer screen for 750 ms, followed 

by a blank screen of 250 ms and then a series of letters interleaved with 

distraction subtasks. Each letter was presented on the screen for 750 

ms, followed by another 250-ms delay before a couple of word judg-

ments were required. Each trial comprised three, five, or seven letters. 

Two words were successively presented after each letter, and each word 

appeared for 900 ms followed by a 25 ms delay. The participants had 

to determine whether the presented word was an animal noun or not 

by pressing either the “F” or “J” key. The task comprised 12 trials. The 

percentage of correctly completed trials served as the performance 

indicator.
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SYMMETRY SPAN TASK (SST)
This task tapped visuospatial WM (Unsworth et al., 2014). 

Participants had to memorize the locations of a series of red squares 

in a 4 × 4 matrix while performing symmetry-judgement tasks. Three 

practice sessions preceded the start of the main task. First, participants 

had to recall a sequence of successively presented red squares in the 

same order as they appeared by clicking the corresponding locations 

in a blank matrix. Second, participants had to judge whether black 

squares were distributed symmetrically along the central vertical axis 

of an 8 × 8 matrix. There was a total of 15 trials in this session, during 

which each participant’s mean (SD) processing time was calculated. 

Thereafter, the two types of tasks were combined by alternatively ask-

ing participants to decide whether a matrix was symmetric and to 

memorize the location of a red square that appeared for 650 ms. The 

time limit for each symmetry judgment task was set to the individual 

participant’s mean time plus 2.5 SD. The number of the red squares 

varied from 3 to 5. Each set size included four trials. The order of tri-

als with different set sizes was arranged randomly. The performance 

indicator was the percentage of trials in which all of the locations were 

correctly recalled.

ANTISACCADE TASK (AT)
This task tapped the ability to resist the interference of prepotent 

responses (Friedman & Miyake, 2004; Unsworth et al., 2014). Each tri-

al started with the presentation of a fixation point for a varying amount 

of time (200-1800 ms). Then, a “=” sign was flashed twice to the left or 

right of the fixation point (at 11.33" of visual angle) for 100 ms with a 

50 ms interval inbetween. After another 50 ms of a blank screen, the 

target stimulus (a “B”, “P”, or “R”) was presented on the opposite side 

of the flashing cue for 100 ms, followed by an “H” for 50 ms and an “8” 

that remained on the screen until a response was given. Participants 

had to identify the letter by pressing the “1”, “2”, or “3” key for “B”, “P”, 

or “R” respectively. There were 15 practice trials preceding 40 experi-

mental trials. The proportions of correct responses were computed for 

every set of 10 trials for the statistical modeling.

FLOWER-HEART TASK (FHT)
This task was used to tap the ability of inhibiting prepotent re-

sponses (Brocki & Tillman, 2014; Davidson et al., 2006). The task 

combined the Simon task and the task switching paradigm. There were 

three treatment levels (i.e., congruent, incongruent, and mixed). In the 

congruent level, participants were asked to press the key (“F” on the left 

or “J” on the right) on the same side as the stimulus (a red heart). In the 

incongruent level, participants had to press the key on the opposite side 

of the stimulus (a red flower). In the mixed level, red hearts and flowers 

were presented randomly and participants had to respond according to 

corresponding rules. According to Davidson et al. (2006), completing 

the incongruent trials requires subjects to resist the habitual tendency 

to press the key on the same side as the stimuli. The mixed trials also 

require inhibition since incongruent trials are included. In addition, 

participants have to resist their tendency to continue using the same 

rule in trials that require a switch.

Each trial started with the presentation of a fixation point for 500 

ms, followed by a visual stimulus (a red heart or flower) for 1500 ms. 

Participants had to respond as quickly and as accurately as possible. 

There were four practice trials preceding 30 experimental trials in both 

the congruent and incongruent blocks and 60 experimental trials in 

the mixed block. The averaged RT of correct trials for each block were 

computed. Since only the incongruent and mixed blocks required pre-

potent response inhibition, the scores of these two blocks were used to 

represent inhibition. The average score of the trials in the incongruent 

block was labeled as FHT1. The trials in the mixed block were sepa-

rated into non-switch and switch trials. The scores of the non-switch 

and switch trials were labeled as FHT2 and FHT3, respectively.

Procedure
Participants were tested individually in a laboratory. The WM and 

inhibition tasks were programmed with E-prime 2.0 (Psychology 

Software Tools, Pittsburgh, PA) and presented on a 19 in. monitor. The 

fluid reasoning scale was a paper-and-pencil test. The measures were 

administered in the following order: the ARS, the LST, the AT, the SST, 

and the FHT. The entire procedure took approximately 50 minutes, 

and participants could take a short break between tasks.

Models
Several confirmatory factor models were designed for investigating 

the reasoning scale. First, there were one-factor models with free fac-

tor loadings (Jöreskog, 1971) or with equal-sized factor loadings. The 

ARS items served as manifest variables of the model. In the case of 

free factor loadings, the variance parameter was fixed to one, and in 

other cases, it was estimated. Second, there were 2 two-factor models 

including latent variables for capturing the reasoning ability and the 

item-position effect. In the first case, the factor loadings were con-

strained to show equal sizes and in the second case, to correspond to 

either linearly or quadratically increasing numbers. These latent vari-

ables were referred to as reasoning ability and item-position latent vari-

ables, respectively. Furthermore, there were 2 three-factor models that 

additionally included a latent variable representing processing speed. 

This speed latent variable had factor loadings according to the logistic 

function. 

Structural equation models were used for investigating the rela-

tionships between the reasoning scale on one hand and the inhibition 

and WM measures on the other hand. The measurement part of the 

model regarding inhibition was composed of two separate models of 

measurement since each inhibition task yielded more than one score. 

The AT model included one latent variable and four manifest variables 

that were the four AT scores. The model of FHT comprised one latent 

variable and three manifest variables that were the scores of the incon-

gruent and mixed blocks. In order to have one inhibition score, the 

inhibition models were combined and a second-order latent variable 

was added. In the case of WM, the measurement model included one 

latent variable and two manifest variables that were the scores of the 

two WM tasks.
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Modeling Analyses
The parameters were estimated by means of the maximum likelihood 

method using LISREL 8.8. The fit statistics were evaluated using the 

criteria recommended by DiStefano (2016). The model fit was con-

sidered good (or acceptable) if normed χ2 (=χ2/df) ≤ 2 (3), RMSEA 

≤ .05 (.08), SRMR ≤ .05 (.10), and CFI ≥ .95 (.90). Furthermore, the 

difference in CFI results was considered for model comparisons. A dif-

ference of .01 or larger was considered a substantial difference (Cheung 

& Rensvold, 2002).

RESULTS 

Descriptive Statistics

Table 1 presents the descriptive results for the LST, the SST, the AT, the 

three treatment levels of the FHT, the ARS, and the intercorrelations 

among them. Cronbach’s α was calculated for the LST, the SST, the AT, 

and the ARS. Permutation-based split-half reliability estimates were 

computed for the subscores of the FHT (Parsons et al., 2019). As shown 

in Table 1, the reliability estimates of all variables were good, ranging 

from .79 to 89. Scores of the AT and the FHT were significantly cor-

related, indicating convergent validity. Both the WM and the prepotent 

response inhibition tasks showed correlations of small to moderate size 

with the ARS.

The Structural Investigation of the 
Abstract Reasoning Scale
At first, the ARS was investigated using different models of measure-

ment in order to check whether the representation of item-position 

and speed effects was necessary and whether the preferred model 

showed a sufficient degree of model fit. The fit results observed for the 

ARS models are reported in Table 2. The one-factor model with free 

factor loadings yielded acceptable fit according to normed χ2, RMSEA, 

and SRMR (except for CFI), while the other one-factor model did not. 

Second, 2 two-factor models with linear and quadratic representations 

of the item-position effect were tested. Both models showed model 

misfit. Therefore, it was concluded that both the one- and two-factor 

models were insufficient for representing ARS data.

Next, the three-factor models additionally including a representa-

tion of processing speed were investigated. According to the fit results, 

both three-factor models showed better degrees of model fit than the 

two-factor models. However, only the model with a linear represen-

tation of the item-position effect showed acceptable model fit. It also 

showed a better degree of model fit according to the CFI difference 

(ΔCFI = 0.025). Furthermore, the variance estimates of the three latent 

variables of the model reached significance (reasoning ability: t = 5.45, 

p < .001; item-position: t = 4.80, p < .001; speed: t = 2.90, p = .003). 

These results were a further indication that all three latent variables 

were necessary.

The Relationship of Prepotent 
Response Inhibition with Fluid 
Reasoning
Next, we examined the correlations of inhibition with the ability, item-

position, and speed components of the ARS. For this purpose, the 

measurement models of reasoning and inhibition were integrated into 

comprehensive models. First, we explored the relations of prepotent 

response inhibition represented by the AT and the FHT with compo-

nents of the ARS (see Figure 1). Scores of the FHT were reversed so that 

higher scores in both measures meant higher levels of performance in 

the models. The fit statistics of this model indicated good fit, χ2(214) = 

307.93, χ2/df = 1.44, RMSEA = .046, SRMR = .076, CFI = .958, AIC = 

385.93. Prepotent response inhibition represented by the AT showed a 

significant correlation with inhibition represented by the FHT (r = .44, 

t = 4.42, p < .001), suggesting convergent validity of the two inhibition 

tasks. Inhibition represented by the AT showed a medium correlation 

with reasoning ability (r = .49, t = 3.55, p < .001). The correlations 

between inhibition and item-position (r = .16, t = 1.35, p = .18) and 

speed (r = .18, t = 1.12, p = .26) were not significant. As for the FHT, 

the correlation between inhibition and reasoning ability also reached 

significance (r = .37, t = 2.78, p = .005), while the other correlations 

with item-position (r = .18, t = 1.57, p = .12) and speed (r = .12, t = .83, 

p = .41) were not significant. 

Measure M SD Reliability 1 2 3 4 5 6 7
1. LST .80 .16 .83a –
2. SST .74 .17 .79a .22 –
3. AT .58 .19 .87a .39 .22 –
4. FHT1 290.46 30.02 .80b −.23 −.12 −.27 –
5. FHT2 352.49 49.04 .87b −.35 −.26 −.33 .52 –
6. FHT3 561.34 93.83 .89b −.43 −.32 −.40 .52 .88 –
7. ARS 33.82 3.54 .79a .37 .34 .40 −.19 −.33 −.36 –

TABLE 1.  
Descriptive Statistics for all Measures and the Correlations Between Them (N = 206)

Note. LST = the letter span task; SST = the symmetry span task; AT = the antisaccade task; FHT = the flower-heart task, FHT1 = the score of the incongruent level, FHT2 

= the score of the non-switch trials in the mixed level, FHT3 = the score of the switch trials in the mixed level; ARS = the abstract reasoning scale; correlations larger 

than .15 are significant at the .05 level. a = Cronbach’s Alpha, b = Permutation-based split-half reliability.
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Additionally, the correlations between inhibition and fluid reason-

ing prior to decomposition of the ARS were estimated. This model 

also showed a good fit, χ2 (206) = 325.04, χ2/df = 1.58, RMSEA = .053, 

SRMR = .060, CFI = .954, AIC = 419.04. The correlations between fluid 

reasoning and prepotent response inhibition represented by the AT (r 

= .52, t = 3.67, p < .001) and the FHT (r = .43, t = 3.31, p = .001) were 

larger than the correlations after controlling for the item-position and 

speed effects (see previous paragraph). The correlation with the AT 

was reduced by 11 % (i.e., .11 = 1–.492/.522) and the other correlation 

was reduced by 26 % (i.e., .26 = 1–.372/.432). After the removal of the 

item-position and speed effects, the relationship between the FHT (a 

measure based on reaction time) and fluid reasoning decreased more 

than that for the AT (a measure based on accuracy) although the de-

creases did not reach the level of significance. 

Given the substantial correlation between the two prepotent 

response inhibition components, a second-order latent variable rep-

resenting general inhibition was established and linked to the three 

components of the ARS (see Figure 2). The model showed acceptable 

model fit, χ2 (218) = 310.12, χ2/df = 1.88, RMSEA = .045, SRMR = .076, 

CFI = .959, AIC = 380.12. General inhibition significantly predicted 

reasoning ability (r = .61, t = 2.67, p = .008) but neither item-position (r 

= .13, t = 1.01, p = .31) nor speed (r = .03, t = .19, p = .85).

Finally, we investigated how the integration of WM modified the 

prediction of fluid reasoning. Inhibition was linked directly and in-

directly via WM to reasoning ability (see Figure 3). This model also 

showed good fit, χ2(260) = 348.27, χ2/df = 1.35, RMSEA = .041, SRMR 

= .074, CFI = .963, AIC = 428.27. Inhibition significantly contributed 

to WM (r = .78, t = 4.15, p < .001), and WM substantially predicted 

reasoning ability (r = .83, t = 6.27, p < .001). Besides this indirect effect, 

the direct effect of inhibition on reasoning ability was investigated. It 

proved to be negligible (r = .02, t = .55, p = .58), indicating that inhibi-

tion predicted reasoning ability via WM only. 

DISCUSSION

The concept of inhibition is closely related to the question of how it is 

possible to complete a complex task and why we can perform accord-

ing to a complex plan of action even though there is always distrac-

tion. These questions and, so far, insufficient results have presumably 

Type of model χ2 df χ2/df RMSEA SRMR CFI AIC
One-factor model
 Freely estimated loading 206.38 90 2.29 .076 .068 .894 266.38
 Fixed loading 247.42 104 2.38 .079 .100 .866 279.42
Ability-position mode
Linear increase 242.41 103 2.35 .078 .101 .869 276.41
Quadratic increase 234.00 103 2.27 .076 .103 .873 234.00
Ability-position-speed model
Linear increase 189.78 102 1.86 .062 .087 .909 225.78
Quadratic increase 217.88 102 2.14 .072 .095 .884 253.88

TABLE 2.  
Fit Statistics of the Measurement Models for the Fluid Reasoning Scale (N = 223)

FIGURE 1.

The relationship of prepotent response inhibition represented by the antisaccade task (AT) and the flower-heart task (FHT) with com-
ponents of the fluid reasoning scale (ARS) (*p < .05).
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involves the active suppression of dominant, automatic, and prepotent 

responses according to the task demands (Friedman & Miyake, 2004). 

Specifically, the AT required participants to suppress the reflexive sac-

cade toward a flashed cue and instead to look in the opposite direc-

tion to identify the target. The FHT similarly required participants to 

actively suppress the dominant tendency to press the key on the same 

side of a stimulus. Both tasks demand active suppression, and therefore 

contribute to the performance on the ARS. 

It worth pointing out that low reliability of the tasks measuring 

inhibition is a widespread threat to the validity of studies on this topic 

(e.g., Draheim et al., 2019; Hedge et al., 2018). Given the good reli-

abilities of the inhibition tasks (mostly larger than .80) and the con-

vergent validity as indicated by the substantial correlation between the 

two inhibition tasks, our findings regarding the relationship between 

inhibition and fluid reasoning can be assumed to be valid. Moreover, 

the close relationship between inhibition and fluid reasoning may stem 

from a common neural basis. For example, neuroimaging studies have 

indicated that the frontal cortex is associated with both inhibition and 

fluid intelligence (see Ebisch et al., 2012; Hilger et al., 2017a, 2017b; 

Rubia et al., 2003; Yuan et al., 2012). 

stimulated the scientists’ interest in this concept over the past decades 

(Dempster, 1991; Friedman et al., 2006; Rey-Mermet et al., 2019; 

Unsworth et al., 2014). The present study is another attempt to sub-

stantiate the expectation that inhibition is fundamentally important 

for higher-order processing. It takes method effects into consideration 

that may have diluted or modified the relationship with measures of 

higher-order processing in other studies so that more valid results can 

be obtained.

The first hypothesis required to investigate whether inhibition 

predicts fluid reasoning. The regression weights observed in this study 

were in line with this hypothesis. The scores obtained for the individual 

prepotent response inhibition tasks and for the combination of both 

tasks predict fluid reasoning. This result is consistent with the execu-

tive attention theory of working memory (Engle, 2002), which claims 

that the inhibition process is crucial for actively maintaining the task-

relevant goal in the presence of potent distraction. While working on 

the reasoning problems, one has to retain the relevant rules in order to 

arrive at a correct answer. However, there are also irrelevant rules or al-

ternatives that may divert one’s attention to a wrong answer. Therefore, 

reasoning problems require the active control of attention rather 

than the reactive control. In addition, prepotent response inhibition 

FIGURE 2.

The prediction of components of the fluid reasoning scale (ARS) by the second-order inhibition extracted from the first-order inhibi-
tion of the antisaccade (AT) and flower-heart tasks (FHT) (*p < .05).

FIGURE 3.

Illustration of the mediation model in which the effect of inhibition on the reasoning ability component of the fluid reasoning scale 
was fully mediated by working memory (*p < .05).
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previously relevant. Similarly, as Friedman and Miyake (2004) put it, 

“Resistance to PI may not actually be reflecting an effortful, controlled 

ability; instead, the tasks used to measure Resistance to PI may tap the 

amount of interference that automatically accrues without any active 

resistance by participants” (p. 126). The extent of the relation between 

inhibition and higher order cognitive functioning might mainly de-

pend on the presence of active suppression involved in the task rather 

than the property of the distraction (either responses, perceptual 

stimuli, or information in WM). This led us to focus on the prepotent 

response inhibition and its relationship with reasoning. The nature of 

relationships between resistance to distractor interference, resistance 

to PI, and fluid reasoning warrant more research in the future. 

ACKNOWLEDGEMENTS
This research was supported by the Zhejiang Provincial 

Natural Science Foundation of China (No. LQ18C090001) and by 

the National Natural Science Foundation of China (No. 31500902).

REFERENCES
Ackerman, P. L., Beier, M. E., & Boyle, M. O. (2005). Working memory 

and intelligence: The same or different constructs? Psychological 

Bulletin, 131, 30–60. 

Baddeley, A. D. (1986). Working memory. Oxford University Press

Birney, D. P., Beckmann, J. F., Beckmann, N., & Double, K. S. (2017). 

Beyond the intellect: Complexity and learning trajectories in 

Raven's Progressive Matrices depend on self-regulatory processes 

and conative dispositions. Intelligence, 61, 63–77. doi: 10.1016/j.

intell.2017.01.005 

Brocki, K. C., & Tillman, C. (2014). Mental set shifting in childhood: 

The role of working memory and inhibitory control. Infant and 

Child Development, 23, 588–604. doi: 10.1002/icd.1871 

Carlstedt, B., Gustafsson, J. E., & Ullstadius, E. (2000). Item sequenc-

ing effects on the measurement of fluid intelligence. Intelligence, 28, 

145–160. doi: 10.1016/S0160-2896(00)00034-9 

Cattell, R. B. (1963). Theory of fluid and crystallized intelligence: A 

critical experiment. Journal of Educational Psychology, 54, 1–22. doi: 

10.1037/h0046743 

Chiu, Y. C., & Aron, A. R. (2014). Unconsciously triggered response inhi-

bition requires an executive setting. Journal of Experimental Psychology: 

General, 143, 56–61. doi: 10.1037/a0031497 

Chuderski, A. (2013). When are fluid intelligence and working memory 

isomorphic and when are they not? Intelligence, 41, 244–262. doi: 

10.1016/j.intell.2013.04.003 

Chuderski, A. (2015). The broad factor of working memory is virtually iso-

morphic to fluid intelligence tested under time pressure. Personality and 

Individual Differences, 85, 98–104. doi: 10.1016/j.paid.2015.04.046 

Chuderski, A., Taraday, M., Nęcka, E., & Smoleń, T. (2012). Storage 

capacity explains fluid intelligence but executive control does not. 

Intelligence, 40, 278–295. doi: 10.1016/j.intell.2012.02.010 

Cheung, G. W., & Rensvold, R. B. (2002). Evaluating goodness-of-fit 

indexes for testing measurement invariance. Structural Equation 

Modeling: A Multidisciplinary Journal, 9, 233–255. doi: 10.1207/

The second hypothesis additionally required the consideration of 

the mediating role of WM in the relation between inhibition and fluid 

reasoning. According to the regression weights, there is no direct effect 

of inhibition on reasoning ability but there is an indirect one: both the 

regression weights regarding the link of inhibition to WM and the link 

of WM to fluid reasoning showed substantial sizes. This confirms that 

inhibition is related to reasoning ability as well as WM despite control-

ling for the effects of item-position and speed. These results regarding 

inhibition add to the few already published studies suggesting such a 

relationship (Dempster, 1991; Ren et al., 2017; Shipstead et al., 2014; 

Unsworth et al., 2014). The finding regarding WM is also in line with 

the overwhelming evidence in favor of a relationship between fluid 

reasoning and WM (e.g., Ackerman et al., 2005; Kane et al., 2005). 

Another implication of the result is that WM comprises inhibition as 

a component (Engle, 2002; Shipstead et al., 2014). This is in line with 

the concept of WM as an overarching structure, as is characteristic of 

Baddeley’s (1986) WM model. The current study also adds empirical 

evidence to the model proposed by Engle (2002) and Unsworth et al. 

(2014) suggesting the domain-general attention control as an impor-

tant function of WM. As already indicated, no direct effect of inhibi-

tion on fluid reasoning was observed in the presence of WM as a possi-

ble mediator. This seems to disconfirm the expectation that inhibition 

may also function automatically, as we proposed as part of the second 

hypothesis. However, it needs to be considered that automatization 

tends to eliminate individual differences so that such an effect may not 

be identifiable.

The expectation that processing speed might influence the rela-

tionship between fluid intelligence and inhibition was not confirmed, 

although there was a numerical reduction of the correlations. Instead, 

the consideration of processing speed substantially contributes to 

good model fit of the fluid reasoning scale when conducting variance 

decomposition. Without considering processing speed, an acceptable 

degree of model fit would be out of reach. These results underline the 

necessity of including the effect due to a time limit in testing in order 

to achieve a more appropriate representation of fluid reasoning and its 

relationship with cognitive processes.

Finally, a limitation to this study is that only one type of inhibition 

(i.e., prepotent response inhibition) was considered. Both the AT and 

the FHT tap the ability to deliberately suppress dominant, automatic 

or prepotent responses (Friedman & Miyake, 2004), it remains an 

open question whether the other types of inhibition (i.e., resistance to 

distractor interference and resistance to proactive interference) show 

the same pattern of relationships with WM and fluid intelligence. Such 

a pattern is probably unlikely in light of the observation that it is not 

possible to identify a general dimension underlying a larger number 

of inhibition tasks (Rey-Mermet et al., 2019). Different tasks may re-

flect diverse types of inhibition, which are differentially related to fluid 

reasoning. To be specific, resistance to distractor interference refers to 

the ability to resist interference of irrelevant information. However, 

distractor interference effects in the task could be caused by processes 

other than active suppression (MacLeod et al., 2003). Resistance to PI 

is the ability to resist memory intrusions from information that was 

http://www.ac-psych.org


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2020 • volume 16(3) • 176-185184

S15328007SEM0902_5 

Davidson, M. C., Amso, D., Anderson, L. C., & Diamond, A. (2006). 

Development of cognitive control and executive functions from 4 

to 13 years: Evidence from manipulations of memory, inhibition, 

and task switching. Neuropsychologia, 44, 2037–2078. doi: 10.1016/j.

neuropsychologia.2006.02.006 

Debeer, D., & Janssen, R. (2013). Modeling item‐position effects 

within an IRT framework. Journal of Educational Measurement, 50, 

164–185. doi: 10.1111/jedm.12009 

Dempster, F. N. (1991). Inhibitory processes: A neglected dimen-

sion of intelligence. Intelligence, 15, 157–173. doi: 10.1016/0160-

2896(91)90028-C 

DiStefano, C. (2016). Examining fit with structural equation models. 

In K. Schweizer, & C. DiStefano (Eds.), Principles and methods of 

test construction: Standards and recent advancements (pp. 166–193). 

Hogrefe.

Draheim, C., Mashburn, C. A., Martin, J. D., & Engle, R. W. (2019). 

Reaction time in differential and developmental research: A review 

and commentary on the problems and alternatives. Psychological 

Bulletin, 145, 508–535. doi: 10.1037/bul0000192 

Embretson, S. E. (1991). A multidimensional latent trait model for 

measuring learning and change. Psychometrika, 56, 495–515. 

Engle, R. W. (2002). Working memory capacity as executive atten-

tion. Current Directions in Psychological Science, 11, 19–23. doi: 

10.1111/1467-8721.00160 

Ebisch, S. J., Perrucci, M. G., Mercuri, P., Romanelli, R., Mantini, D., 

Romani, G. L., Colom, R., & Saggino, A. (2012). Common and unique 

neuro-functional basis of induction, visualization, and spatial rela-

tionships as cognitive components of fluid intelligence. NeuroImage, 

62, 331–342. doi: 10.1016/j.neuroimage.2012.04.053 

Friedman, N. P., & Miyake, A. (2004). The relations among inhibi-

tion and interference control functions: A latent-variable analysis. 

Journal of Experimental Psychology: General, 133, 101–135. doi: 

10.1037/0096-3445.133.1.101 

Friedman, N. P., Miyake, A., Corley, R. P., Young, S. E., DeFries, J. C., 

& Hewitt, J. K. (2006). Not all executive functions are related to 

intelligence. Psychological Science, 17, 172–179. doi: 10.1111/j.1467-

9280.2006.01681.x 

Fry, A. F., & Hale, S. (1996). Processing speed, working memory, 

and fluid intelligence: Evidence for a developmental cascade. 

Psychological Science, 7, 237–241. doi: 10.1111/j.1467-9280.1996.

tb00366.x 

Garavan, H., Ross, T. J., & Stein, E. A. (1999). Right hemispheric domi-

nance of inhibitory control: An event-related functional MRI study. 

Proceedings of the National Academy of Sciences of the United States 

of America, 96, 8301–8306. doi: 10.1073/pnas.96.14.8301 

Hedge, C., Powell, G., & Sumner, P. (2018). The reliability paradox: 

Why robust cognitive tasks do not produce reliable individual dif-

ferences. Behavior Research Methods, 50, 1166–1186. doi: 10.3758/

s13428-017-0935-1 

Hilger, K., Ekman, M., Fiebach, C. J., & Basten, U. (2017a). Efficient 

hubs in the intelligent brain: Nodal efficiency of hub regions in the 

salience network is associated with general intelligence. Intelligence, 

60, 10–25. doi: 10.1016/j.intell.2016.11.001 

Hilger, K., Ekman, M., Fiebach, C. J., & Basten, U. (2017b). Intelligence 

is associated with the modular structure of intrinsic brain networks. 

Scientific Reports, 7, 1–12. doi: 10.1038/s41598-017-15795-7 

Horn, W. (1983). Leistungsprüfsystem (LPS). [Performance-Test-

System]. Hogrefe.

Jöreskog, K. G. (1971). Statistical analysis of sets of congeneric tests. 

Psychometrika, 36, 109–133. 

Kane, M. J., Hambrick, D. Z., & Conway, A. R. A. (2005). Working mem-

ory capacity and fluid intelligence are strongly related constructs: 

Comment on Ackerman, Beier, and Boyle (2005). Psychological 

Bulletin, 131, 66–71. doi: 10.1037/0033-2909.131.1.66 

Lozano, J. H. (2015). Are impulsivity and intelligence truly related con-

structs? Evidence based on the fixed-links model. Personality and 

Individual Differences, 85, 192–198. doi: 10.1016/j.paid.2015.04.049 

MacLeod, C. M., Dodd, M. D., Sheard, E. D., Wilson, D. E., & Bibi, U. 

(2003). In opposition to inhibition. In B. H. Ross (Ed.), The psychol-

ogy of learning and motivation (Vol. 43, pp. 163–168). Academic 

Press.

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, 

A., & Wager, T. D. (2000). The unity and diversity of executive 

functions and their contributions to complex “frontal lobe” tasks: 

A latent variable analysis. Cognitive Psychology, 41, 49–100. doi: 

10.1006/cogp.1999.0734 

Nigg, J. T. (2000). On inhibition/disinhibition in developmental 

psychopathology: Views from cognitive and personality psychol-

ogy and a working inhibition taxonomy. Psychological Bulletin, 127, 

571–598. doi: 10.1037/0033-2909.126.2.220 

Nordgren, L. F., Bos, M. W., & Dijksterhuis, A. (2011). The best of both 

worlds: Integrating conscious and unconscious thought best solves 

complex decisions. Journal of Experimental Social Psychology, 47, 

509–511. doi: 10.1016/j.jesp.2010.12.007 

Norman, D. A., & Shallice, T. (1986). Attention to action: Willed and 

automatic control of behavior. In R. J. Davidson, G. E. Schwartz, & 

D. Shapiro (Eds.), Consciousness and self-regulation: Advances in re- 

search and theory (Vol. 4, pp. 1–18). Plenum Press.

Oshima, T. C. (1994). The effect of speededness on parameter estima-

tion in item response theory. Journal of Educational Measurement, 

31, 200–219. doi: 10.1111/j.1745-3984.1994.tb00443.x 

Parsons, S., Kruijt, A. W., & Fox, E. (2019). Psychological science needs 

a standard practice of reporting the reliability of cognitive-behavioral 

measurements. Advances in Methods and Practices in Psychological 

Science, 2, 378–395. doi: 10.1177/2515245919879695 

Ren, X., Schweizer, K., Wang, T., Chu, P., & Gong, Q. (2017). On the 

relationship between executive functions of working memory 

and components derived from fluid intelligence measures. Acta 

Psychologica, 180, 79–87. doi: 10.1016/j.actpsy.2017.09.002 

Ren, X., Wang, T., Altmeyer, M., & Schweizer, K. (2014). A learning-

based account of fluid intelligence from the perspective of the 

position effect. Learning and Individual Differences, 31, 30–35. doi: 

10.1016/j.lindif.2014.01.002 

http://www.ac-psych.org


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2020 • volume 16(3) • 176-185185

Ren, X., Wang, T., Sun, S., Deng, M., & Schweizer, K. (2018). Speeded 

testing in the assessment of intelligence gives rise to a speed factor. 

Intelligence, 66, 64–71. doi: 10.1016/j.intell.2017.11.004 

Rey-Mermet, A., Gade, M., Souza, A. S., von Bastian, C. C., & Oberauer, 

K. (2019). Is executive control related to working memory capacity 

and fluid intelligence? Journal of Experimental Psychology: General, 

148, 1335–1372. doi: 10.1037/xge0000593 

Rubia, K., Smith, A. B., Brammer, M. J., & Taylor, E. (2003). Right in-

ferior prefrontal cortex mediates response inhibition while mesial 

prefrontal cortex is responsible for error detection. Neuroimage, 20, 

351–358. doi: 10.1016/S1053-8119(03)00275-1 

Schweizer, K. (2008). Investigating experimental effects within 

the framework of structural equation modeling: An example 

with effects on both error scores and reaction times. Structural 

Equation Modeling: A Multidisciplinary Journal, 15, 327–345. doi: 

10.1080/10705510801922621 

Schweizer, K., Troche, S. J., & Rammsayer, T. H. (2011). On the special 

relationship between fluid and general intelligence: New evidence ob-

tained by considering the position effect. Personality and Individual 

Differences, 50, 1249-1254. doi: 10.1016/j.paid.2011.02.019 

Schweizer, K., Troche, S. J., & Rammsayer, T. H. (2018). Does process-

ing speed exert an influence on the special relationship of fluid and 

general intelligence? Personality and Individual Differences, 131, 

57–60. doi: 10.1016/j.paid.2018.04.022 

Schweizer, K., Reiß, S., & Troche, S. (2019). Does the effect of a 

time limit for testing impair structural investigations by means 

of confirmatory factor models? Educational and Psychological 

Measurement, 79, 40–64. doi: 10.1177/0013164418770824 

Shipstead, Z., Lindsey, D. R., Marshall, R. L., & Engle, R. W. (2014). 

The mechanisms of working memory capacity: Primary memory, 

secondary memory, and attention control. Journal of Memory and 

Language, 72, 116–141. doi: 10.1016/j.jml.2014.01.004 

Unsworth, N. (2010). Interference control, working memory capacity, 

and cognitive abilities: A latent variable analysis. Intelligence, 38, 

255–267. doi: 10.1016/j.intell.2009.12.003 

Unsworth, N., Fukuda, K., Awh, E., & Vogel, E. K. (2014). Working 

memory and fluid intelligence: Capacity, attention control, and 

secondary memory retrieval. Cognitive Psychology, 71, 1–26. doi: 

10.1016/j.cogpsych.2014.01.003 

Verguts, T., & De Boeck, P. (2002). The induction of solution rules 

in Raven's Progressive Matrices. European Journal of Cognitive 

Psychology, 14, 521–547. doi: 10.1080/09541440143000230 

Vogel, E. K., McCollough, A. W., & Machizawa, M. G. (2005). Neural 

measures reveal individual differences in controlling access to work-

ing memory. Nature, 438, 500–503. doi: 10.1038/nature04171 

Wang, T., Ren, X., & Schweizer, K. (2017). Learning and retrieval pro-

cesses predict fluid intelligence over and above working memory. 

Intelligence, 61, 29–36. doi: 10.1016/j.intell.2016.12.005 

Yuan, Z., Qin, W., Wang, D., Jiang, T., Zhang, Y., & Yu, C. (2012). The 

salience network contributes to an individual’s fluid reasoning 

capacity. Behavioural Brain Research, 229, 384–390. doi: 10.1016/j.

bbr.2012.01.037 

Zeller, F., Reiß, S., & Schweizer, K. (2017). Is the item-position effect 

in achievement measures induced by increasing item difficulty? 

Structural Equation Modeling: A Multidisciplinary Journal, 24, 

745–754. doi: 10.1080/10705511.2017.1306706 

Zeller, F., Reiß, S., & Schweizer, K. (2018). Does speededness in col-

lecting reasoning data lead to a speed factor? European Journal 

of Psychological Assessment, 36, 96-104. doi: 10.1027/1015-5759/

a000498 

RECEIVED 16.11.2010 | ACCEPTED 02.06.2020

http://www.ac-psych.org

	Button 898: 
	Button 509: 
	Button 5010: 
	Button 5011: 
	Button 5012: 
	Button 5013: 
	Button 5014: 
	Button 5015: 
	Button 899: 
	Button 5017: 
	Button 5018: 
	Button 5019: 
	Button 5020: 
	Button 5021: 
	Button 5022: 
	Button 5023: 
	Button 5024: 
	Button 5025: 
	Button 5026: 
	Button 5027: 
	Button 5028: 
	Button 5029: 
	Button 5030: 
	Button 5054: 
	Button 5031: 
	Button 5032: 
	Button 5033: 
	Button 5034: 
	Button 5035: 
	Button 5036: 
	Button 5037: 
	Button 5038: 
	Button 5039: 
	Button 5040: 
	Button 5041: 
	Button 5042: 
	Button 5043: 
	Button 5044: 
	Button 5056: 
	Button 5045: 
	Button 5046: 
	Button 5047: 
	Button 5048: 
	Button 5049: 
	Button 5050: 
	Button 5051: 
	Button 5052: 
	Button 5053: 
	Button 5055: 
	Button 897: 


