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Abstract

There is a wealth of research about the links between executive functioning (EF) and alcohol use. 

However, difficulty may arise in interpreting findings because of the variability between studies 

regarding the specific components of EF measured, as well as the variability of tasks used to 

examine each EF construct. The current article considers each of these problems within the 

context of a literature review that focuses on two topics: (1) the efficacy of EF in predicting 

alcohol use and alcohol-related consequences, and (2) the effect of acute alcohol intoxication on 

EF task performance. An additional goal was to identify and describe commonly used EF 

measures with the intention of providing alcohol researchers information on the assessment of 

different EF domains. Our findings indicate that there is strong evidence supporting a relation 

between EF difficulties (particularly response inhibition and information updating) and alcohol 

use, with additional evidence of a significant interaction between EF and implicit associations on 

alcohol use. In contrast, research supporting a link between set shifting abilities and later alcohol 

use is scarce. Additionally, this review found evidence of alcohol acutely affecting many EF 

processes (particularly response inhibition). Overall, there is a need to replicate these findings with 

commonly used EF tasks (versus developing numerous tasks within individual laboratories) to 

better advance our understanding of the relation between EF and alcohol use.
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1. INTRODUCTION

1.1. Definition of Executive Functioning

Executive functioning (EF) is a higher-order cognitive construct involved in the self-

regulation of goal-directed behavior [1], and is thus highly relevant for the avoidance of 

maladaptive behaviors. For example, strong EF skills protect against early initiation of 

substance use [2]. Despite the link between EF and health behaviors, there remains a lack of 

clarity about the specific components of EF that are most important in understanding and 

predicting behavior. The term “executive functioning” refers to a collection of many 

different cognitive abilities [3], including sustained and selective attention, mental 

flexibility, response inhibition, supervisory control of action, and resistance to interference 

[1], which has led to inconsistent use of the term in research and operationalization of the 

construct [3]. While some authors have examined individual EF processes [4], others have 

argued that “the sum is greater than its parts” [5]. One of the more influential models posits 

that EF is comprised of three higher-order factors: set shifting, information updating, and 

response inhibition [6]. Several additional constructs can be added to this tripart EF model, 

including fluency, planning, and insight; whereas, working memory is sometimes considered 

to overlap with the construct of information updating [7]. The term “executive functioning,” 

then, has come to represent both unique, distinct executive abilities, and a composite, 

umbrella construct. Understanding how EF relates to a given health behavior – for example, 

alcohol use – requires careful consideration of the distinct aspects of EF that are investigated 

to better identify which EF abilities most strongly impact alcohol use behaviors, and which 

are most affected by drinking.

1.2. Executive Functioning & Alcohol

Individual differences in EF are relevant to the etiology of alcohol use disorders, the 

consequences of alcohol use, and the treatment of alcohol use disorders [8, 9]. Studies have 

suggested that EF deficits may put individuals at risk for the development of substance use 

disorders [10], make them more likely to experience problems as a result of substance use 

[11, 12], and contribute to limited benefit from treatment [4]. The exact pathways through 

which these processes occur are unclear, as it is likely that multiple pathways exist, and may 

be concurrently active. It may be, for instance, that deficits in set shifting or information 

updating make it more difficult for an individual to engage multiple coping strategies in the 

face of cues associated with alcohol use. Similarly, it is possible that response inhibition 

difficulties might affect how easily an individual can resist an urge to go to the bar, socialize 

with friends who engage in drinking, or drink alcohol. This complexity is evidenced in the 

wide variability of EF processes that have been examined in relation to alcohol use. As 

alluded to above, some studies utilize a composite score derived from several tasks (e.g., 

[13, 14]), while others refer to scores on a single task that measures one process. 

Understanding the differences in these studies, both in which tasks are used and which 

constructs are assessed, can help to clarify the specific ways in which alcohol use and EF are 

related.

A recently published review paper examined what is known about the links between EF and 

alcohol use [15]. The authors conducted a systematic review of alcohol-related EF 

Day et al. Page 2

Curr Drug Abuse Rev. Author manuscript; available in PMC 2015 November 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



impairments in social drinkers (as opposed to a clinical population of drinkers) and 

concluded that EF is not impaired in heavy drinking non-clinical samples. This review 

focused on social drinkers, and included a review of only seven studies, one of which was 

based on self-report of executive dysfunction [16] utilizing a scale that has been shown to 

have inconsistent validity as a self-report instrument across populations (e.g., [17]). The 

aforementioned review by Montgomery et al. [15] also included an empirical study that 

compared heavy social drinkers to light drinkers on a series of EF tests and found that 

heavier drinkers performed more poorly on measures of task switching and inhibitory 

control. That is, in contrast to the authors’ review of the literature, which indicated that there 

were no deficits in EF among heavy social drinkers, the empirical data they presented 

suggested that there are indeed observable deficits among young, non-dependent heavy 

alcohol users [15]. The results of this paper highlight the difficulties facing researchers in 

this field as they try to interpret inconsistent findings across empirical studies examining 

alcohol use and EF. Hence, there exists a great deal of nuance in EF assessment and in the 

interpretation of studies reporting EF-related results, due, in part, to: (1) the variety of 

constructs assessed under the broader category of “executive functioning,” and (2) the 

variety of measures used to assess each EF construct.

1.3. Purpose of the Paper

The purpose of this paper is to explore the inconsistencies in empirical findings and EF 

measurement problems within two areas of alcohol use research: (1) the relation between EF 

and subsequent drinking behaviors and (2) the acute effects of alcohol administration on EF 

abilities, as assessed in both laboratory-based and field studies. In addition, we will (3) 

describe tasks that are frequently used to assess specific EF processes. Our aim is to better 

enable researchers to compare findings across studies and tasks, and to make informed 

choices about which tasks to use when conducting research on EF and alcohol use. Areas 

that will not be covered include links between EF deficits, alcohol consumption, and 

aggression [18–21]; the non-acute effects of alcohol on EF, including the effects of chronic 

alcohol use, treatment, and abstinence on EF [22–31]; the impact of sex on EF and alcohol 

use; and links between EF, alcohol expectancies, and alcohol use.

2. METHOD

Empirical articles, review papers, reference lists and meta-analyses published prior to 

November 2013 were identified through searches in the PsycINFO and PubMed databases 1. 

Titles, abstracts, and papers were reviewed and papers were included only when alcohol use 

or drinking-related behaviors were the primary outcome variable. Papers were excluded, for 

instance, if prenatal exposure to alcohol, severe mental illness, or aging was the primary 

focus (i.e., when alcohol use was a measured, but secondary, outcome). Similarly, papers 

were excluded if the focus was on cognitive functions other than executive functions (e.g., 

prospective memory). All reviewed papers utilize behavioral, as opposed to self-report, 

1The following search terms were used in PsycInfo and PubMed: (1) executive AND function* AND ti(alcohol) NOT fetal NOT 
prenatal NOT business NOT executives NOT ti(schizophrenia) NOT ti(bipolar); In English, In Peer-Reviewed; (2) same search term 
replacing “executive AND function*” with “working memory”; (3) replacing with “response inhibition”; (4) replacing with “shifting”; 
(5) all searches additionally run with “drinking” instead of “alcohol”.
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measures of EF. While there is some evidence of a correlation between self-reported EF and 

performance on EF tasks, in at least some populations [32], there are questions about the 

validity of self-reported levels of EF [33] and the validity of self-report data in all cognitive 

domains [34, 35]; thus, for the purposes of this paper, we are focusing on behavioral 

measures. In total, 49 articles met the study criteria and were included in the current paper.

3. FINDINGS

3.1. The Relation Between EF and Subsequent Drinking Behaviors (n=15)

The first section of this paper reviews the literature exploring the link between EF deficits 

and several alcohol-related behaviors, including initiation of alcohol use, frequency or 

intensity of consumption, negative consequences associated with use, and information 

processing biases (e.g., dwell time on alcohol-related stimuli in eye-tracking paradigms) (see 

Table 1). Studies listed in Table 1 are grouped with respect to the three higher-order EF 

factors: set shifting, information updating, and response inhibition. Each subsection lists 

papers in chronological order. Set shifting refers to the capacity of an individual to flexibly 

switch back and forth between mental tasks; information updating is the ability to monitor 

incoming information for relevance to the task at hand and act accordingly; inhibition is the 

ability to inhibit a dominant, automatic or prepotent response ([6]; for more information on 

the tasks that are listed in Tables 1 and 3). While statements regarding the contribution of EF 

deficits to the initiation of heavy alcohol use might be best derived from research on 

individuals who have yet to initiate alcohol use, to our knowledge, there are only two studies 

that have examined the role of EF in predicting alcohol use and related problems among 

alcohol-naïve2 adolescents [36, 37]. These are denoted with an asterisk (*) in Table 1. The 

other studies we have examined in this section use cross-sectional data with alcohol-related 

dependent variables. In relying mostly on data from cross-sectional studies, we are unable to 

speak to temporal precedence. Still, we chose to include these studies in the review, as they 

provide meaningful data regarding relationships between EF and alcohol-related variables. 

The dearth of available research with alcohol-naïve individuals highlights the need for 

additional studies on this topic, as such studies could provide a more clear understanding of 

the link between pre-existing EF deficits and alcohol use.

Data from several short-term longitudinal studies examining individuals that have already 

initiated drinking provide evidence of a relation between EF and subsequent alcohol use. 

Results from such studies should be considered with a caveat, as their findings are 

complicated by the fact that alcohol use may be driving EF impairment, and most cannot 

speak to the relation between pre-existing EF deficits and initiation of drinking behaviors. 

Nevertheless, the data indicate that performance on tasks of response inhibition and planning 

predict drinking in the following week, above and beyond the predictive power of intention 

to drink [38]. In another study, lower EF was related to a variety of risk-taking behaviors, 

including hazardous drinking, above and beyond personality [39].

There are also studies examining the relation of EF to implicit biases for alcohol-related 

information. These studies indicate that EF abilities and implicit associations – 

210 days of drinking total; never more than 2 drinks in a week.
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operationalized as an individuals’ tendency to pair alcohol-related stimuli with positively 

valenced words – interact to predict self-report of alcohol use [40] and dwell time on 

alcohol-related pictures [41]. Similarly, poor inhibitory control (Go/No-Go task) interacts 

with self-report behavioral approach sensitivity to predict alcohol use, and furthermore poor 

inhibitory control also interacts with poor decision-making (Iowa Gambling Task) to predict 

alcohol use [42]. That is, for those individuals who are low in inhibitory control, being 

motivated to approach novel stimuli or having reduced decision-making skills may represent 

independent pathways to conferring vulnerability to alcohol use [42]. Yet, in the same study, 

researchers found that performing well on a working memory task (N-back), in combination 

with having strong behavioral approach sensitivity was related to more frequent alcohol use, 

indicating that, for those with strong working memory, personality constructs such as 

approach sensitivity may be less relevant in the prediction of alcohol use [42].

Several studies have investigated the impact of cognitive training on drinking behaviors, as a 

form of intervention. One such study found that improving working memory through 

cognitive training leads to reduced alcohol use one month later, most notably for adults with 

the strongest implicit associations [43]. In addition, protocols focusing solely on improving 

impulse control (via a Go/No-Go paradigm) appear to be inferior to protocols that also 

involve active devaluation of alcohol-related stimuli with respect to the ability to reduce 

drinking behavior [44]. However, these findings are in contrast to evidence suggesting that 

EF does not interact with implicit attitudes to predict alcohol use [45].

Researchers investigating the link between EF and relapse vulnerability indicate that, among 

individuals who have already developed an alcohol use disorder, poorer working memory 

(Alpha Span task), reduced response inhibition (Hayling Test), and reduced prefrontal 

perfusion (measured by single-photon emission computed tomography [SPECT] 

neuroimaging) predict relapse after alcohol abstinence [46]. Yet, in a 6-month longitudinal 

study, response inhibition (Go/No-Go) did not predict relapse among abstinent alcoholics 

[47], and in two additional studies, performance on a battery of standardized tests of EF 

(Trail Making Test-Part B, Stroop Test, Phonemic Word Fluency Test [FAS], Wisconsin 

Card Sort, Booklet Category Test, Verbal Abstraction Test) did not predict treatment 

outcome [48, 49].

3.2. Summary of EF’s Role in Predicting Alcohol Use

Taken together, these data provide compelling evidence that EF deficits may create 

vulnerability for engaging in alcohol use. There are also interactions between EF and 

implicit associations, which generally support a dual process framework, in which automatic 

associations may be moderated by cognitive control [50]. In addition, there is evidence to 

support a link between EF deficits and relapse risk, but here the data appear to be somewhat 

inconsistent. Notably, differences in blood flow to regions of the prefrontal cortex (a neural 

region that contributes preferentially to EF) have been shown to correlate with relapse after 

alcohol abstinence, indicating that underlying differences in the ways in which these regions 

function might moderate alcohol use behaviors and risk. Nevertheless, additional clarity is 

needed regarding the relation between EF deficits and relapse risk. In summary, EF appears 

to be relevant not only for initiation and maintenance of alcohol use, but for maintenance of 
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abstinence after drinking cessation; however, published results on these phenomena are 

limited.

Findings highlight the importance of (1) using longitudinal research methods that 

incorporate alcohol-naïve individuals (children, adolescents) in order to more clearly assess 

the ways in which pre-existing deficits in EF influence alcohol use; (2) utilizing a multi-

method assessment of different EF components (see [42], in which inhibitory control and 

working memory differentially predict drinking); (3) taking personality variables (e.g., 

approach sensitivity) into account. In addition, it is important to assess the relation of EF to 

drinking behavior across various developmental stages, as age of participants may be of 

particular importance. For example, when college-age students are tested, EF has a small, 

but significant, effect on binge drinking in the past week [38], indicating that for college-age 

students, other variables may be more important (such as peer/environmental factors). By 

contrast, in a study of children, EF abilities predicted drinking above and beyond other 

cognitive factors and family history of alcoholism [12]. A final consideration includes the 

need for future studies on these topics to incorporate a developmental framework that 

considers how EF and frontal lobe system changes which occur across the lifespan [51, 52] 

might increase vulnerability to alcohol use problems in certain populations (e.g., 

adolescents).

3.3. Acute Effects of Alcohol Administration on EF Abilities, as Assessed in Both 
Laboratory-Based and Field Studies (n=35)

Table 2 describes laboratory alcohol administration and field studies that examine the acute 

effects of alcohol on EF. Table 2 is divided into the same three sections as Table 1, which 

reflect three higher-order factors within EF: set shifting, information updating, and response 

inhibition. Some studies (e.g., [10]) are listed in two sections in Table 2 because they 

measured more than one EF construct. Within each category, studies are listed in roughly 

ascending order of the dose of alcohol used. By separating the available studies into these 

categories, we see that there is a relative dearth of published information on alcohol’s acute 

effects on set shifting (n=7 studies), while there are several reports of alcohol’s effects on 

both information updating (n=17) and response inhibition (n=18).

Another noticeable pattern in Table 2 is related to the doses of alcohol used in published 

research. Very few studies use or report on doses of alcohol less than 0.6 g/kg, and of those, 

only one study [53] reports on a dose as low as 0.2 g/kg. This may be because laboratory 

and field studies of alcohol’s acute effects recruit heavy drinkers for safety reasons (e.g., 

these drinkers are more likely to demonstrate an ability to endure alcohol administration 

without serious adverse effects), and for heavy drinkers, a dose of 0.2 g/kg is potentially less 

likely to have noticeable cognitive influence due to alcohol tolerance. Similarly, only 2 

studies [10, 54]

The third notable element of Table 2 is the range and number of different tasks used to 

assess EF among drinkers after alcohol administration. Several of the tasks used are not 

standardized measures typically utilized in clinical settings and were instead either 

developed for the studies, or otherwise used only for research. The use of experimental tasks 

contributes to some of the difficulty in evaluating results and summarizing findings across 
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studies. In order to provide readers a better understanding of common EF tasks, including 

many of those listed in Table 2, we present in Table 3 a list of frequently used EF measures, 

along with the component of EF that they assess.

Despite the range of methods in studies conducted to date, Table 2 shows evidence that 

alcohol acutely affects several EF processes. Some individuals appear particularly prone to 

EF impairment due to alcohol, such as those with ADHD [57] or those who score highly on 

measures of sensation-seeking [58]. It may also be that those who exhibit one type of EF 

deficit might be at greater risk for impairment on tasks assessing other EF domains after 

consuming alcohol. In one study, alcohol led to greater impairment in response inhibition for 

those who had lower working memory [10]. Understanding which combinations of EF 

deficits emerge in response to alcohol administration may help to understand the order in 

which processes are affected and who might be most affected by alcohol.

One component of EF that is not consistently demonstrated as being vulnerable to the acute 

impairing effects of alcohol is visuospatial working memory (VSWM). Of the 35 studies, 

there are three reports of alcohol having an effect on VSWM, and five [59–62] that report no 

effect of alcohol on VSWM. All 8 of these studies assessed EF in participants who had 

consumed moderate or high doses of alcohol (most studies in the range of 0.4 g/kg to 0.10 g/

kg), which limits understanding of how alcohol at either lower or higher doses influences 

VSWM. Although 3 out of 8 studies (40%) observed an effect of alcohol on VSWM, results 

are inconsistent and more research is needed to better understand these effects. 

Comparatively, there appears to be more consistent support that response inhibition is 

affected by acute alcohol, with 16 out of 20 studies reporting this effect. It is always possible 

that there is a bias in reporting (i.e., a “file drawer problem”), but alcohol’s effect on 

response inhibition, as measured by Go/No-Go tasks, is one of the clearer effects emerging 

from this examination of the literature. Notably, response inhibition is measured in a variety 

of ways. For example, some tasks measure the capacity of an individual to inhibit 

engagement following particular cues (e.g., the No-Go condition of the Go/No-Go task) and 

others measure disengagement (e.g., letting go of an already pressed button); see [63] for an 

in-depth discussion. Researchers wishing to examine elements of response inhibition, and 

the influence that alcohol has on different components of this phenomenon, could enhance 

our understanding by selecting tasks that are specific to the question being asked, and by 

being aware of the differences in types of response inhibition tasks.

3.4. Summary of Acute Effects of Alcohol on EF

Alcohol has clear acute effects on many different EF components, including updating, set 

shifting and response inhibition, although there are more consistent findings within some 

elements of EF (i.e., alcohol reliably affects verbal and auditory working memory) than 

others (visuospatial working memory is not as reliably affected). Accordingly, it has been 

suggested that acute alcohol ingestion, at moderate doses, produces greater impairment of 

rehearsal strategies, such as those used in verbal working memory, but does not have as 

great of an influence on sustained focus, which is required by tasks evoking VSWM [62]. 

By contrast, the findings regarding alcohol’s effect on set shifting are less equivocal, with 7 

of 8 studies finding an influence of a range of alcohol doses (0.04 – 0.15%) on set shifting 
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abilities. Response inhibition is the domain that has the greatest number of published studies 

(n=20), and taken together, their results indicate that alcohol has a reliable influence on 

inhibition. It is notable that the majority of studies that examine alcohol’s acute influence on 

inhibition come from a single lab; hence, replication with varied populations in diverse 

settings is warranted to bolster ecological validity. Nevertheless, it has been posited that 

response inhibition and set shifting share common underlying cognitive processes and neural 

substrates [64, 65], and as such, it seems quite plausible that evidence supporting alcohol’s 

effects on these two processes would be similarly compelling.

There is a clear need for additional studies examining the acute effects of alcohol on EF. We 

lack a clear understanding of the relation between alcohol-induced EF impairments in the 

acute phase, to drinking behaviors that occur in the short- and long-term. For example, how 

acute effects of alcohol contribute to loss of control over drinking, or how lasting changes in 

EF contribute to the development of alcohol use disorders. Such studies may help to further 

illuminate critical issues in alcohol research, including the identification of individual 

differences and genetic susceptibilities that contribute to not only the development of 

alcohol use disorders, but those that predict treatment response, effects of alcohol on EF in 

relation to other alcohol-related behaviors of concern (e.g., binge drinking, decision making, 

risk taking, aggressive behaviors, etc.), and effects of alcohol-related neurotoxicity.

4. TASKS AND MEASUREMENT ISSUES

The final section of this paper will provide an overview of measurement issues associated 

with the study of EF, as this is an integral part of being able to synthesize and interpret this 

area of research. The EF measures in the reviewed studies are summarized in Table 3, 

including a brief description of the measure, the aspect(s) of EF assessed by each, and notes 

on administration and appropriateness for repeated assessment. Table 3 covers tests 

commonly used in clinical and research settings. Tasks used only for research that have not 

been widely adopted are not considered in Table 3. The wide range of assessments covered 

in this review is in part reflective of the larger taxometric difficulties associated with 

defining and isolating the sometimes overlapping components of EF (see [66]).

Other methodological and psychometric concerns complicate test selection as well, creating 

a difficult balancing act between reliability/validity, availability of normative data, ease of 

administration, and resistance to practice effects. For example, the Wisconsin Card Sorting 

Test, a task of set-shifting and rule acquisition, is relatively well-normed across a wide age 

range (5 years – 89 years; [34]) and is one of the most commonly administered measures in 

neuropsychological, forensic, and overall clinical assessments [67]. However, the task can 

be cumbersome and lengthy (15 – 30 minutes) to administer, highly frustrating for the 

examinee, and may be considerably susceptible to practice effects, particularly in higher 

functioning individuals [68, 69].

In addition, the quality and availably of normative data is of paramount concern [35, 70], 

and both aspects may vary widely along multiple sociodemographic variables, such that a 

task with robust norms for Caucasian individuals aged 20 – 40 years may not have the same 

psychometric properties when administered to an individual who differs in age or ethnic 
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background, and may thus be less valid in this context. Even determining which variables 

are relevant to performance on a task (e.g., age, sex, ethnicity, educational attainment, native 

language, estimated/premorbid IQ, etc.) can be stymieing. Length and ease of test 

administration, perceived difficulty of the test (in regards to rapport and examinee 

compliance/effort), and availability of alternate forms or computerized adaptations (although 

such an adaptation may in itself alter psychometrics; see [71]) are additional aspects to 

weigh when selecting the most appropriate EF test.

In sum, inconsistent use of tests or norms across studies, poor availability of normative data 

across a range of sociodemographic categories, use of tests without normative data, and use 

of unpublished or “home-grown” research tasks impedes the ability to aggregate individual 

studies and interpret meta-data. Greater uniformity of assessment procedures across studies, 

use of more robust normative data, and greater efforts to replicate prior studies could be 

invaluable in properly ascertaining the population effects of alcohol on EF. The adoption of 

widely available, psychometrically robust EF test batteries or subtests (e.g., NIH 

EXAMINER; [7]), across multiple laboratories would also support this goal. Moreover, the 

use of such batteries will promote “big data to knowledge” efforts, which are likely to grow 

increasingly popular and effective in the near future.

5. GENERAL DISCUSSION AND FUTURE DIRECTIONS

The relation between EF and alcohol is complex, but there are a few points that may be 

inferred from the literature. First, we see that premorbid differences in EF have been shown 

to predict initiation of alcohol use and the subsequent experience of alcohol-related 

problems in prospective studies. Additional studies are needed on this topic to improve our 

understanding of how pre-existing EF deficits in alcohol-naïve individuals contribute to the 

initiation of alcohol use behaviors. In addition, there are relatively few studies examining the 

influence of EF on alcohol use in non-naïve drinkers. Only a small number of studies have 

examined each of the primary domains of EF (updating, shifting, inhibition), which reduces 

our ability to assess the importance of each EF domain to the development of alcohol use 

problems. In particular, there is a relative dearth of research on the role of set shifting in 

predicting alcohol use; yet, studies examining adults who are intoxicated indicate that set 

shifting is reliably and adversely affected. Taken together, these findings suggest that there 

are several areas that are ripe for future research. Studies that improve our ability to utilize 

EF assessments to better identify individuals who may have the greatest vulnerabilities, and 

could therefore benefit from preventative interventions, may reduce rates of alcohol use 

initiation and subsequent consequences. The changes that occur in EF processing which 

support the transition from naïveté to alcohol initiation and then to regular alcohol use are 

critical to understand, as research on the sequential order of impairment would be useful in 

developing prevention, intervention and treatment strategies. If it can be determined that 

some EF processes are more likely to influence drinking, future research might examine the 

utility of cognitive remediation strategies for alcohol-naïve adolescents in preventing early 

initiation of alcohol use. Further, with more research, additional patterns might emerge, such 

as determining which EF components are more likely to predict initiation of alcohol use 

versus alcohol-related negative consequences, or likelihood of successful alcohol treatment.
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Second, we identified the literature that shows that alcohol has clear and distinct acute 

effects on EF.

Compared to other EF components, such as response inhibition and set shifting, the acute 

effect of alcohol on visuospatial working memory (VSWM) is less well supported. While 

there is some evidence that visual memory is relatively robust (e.g., [72]) and relatively 

insensitive to various neurological impairments [73], other research indicates that VSWM 

can be affected by several disease processes, drugs of abuse, and medical interventions [74–

76]. Currently, it appears that the acute alcohol effects on VSWM may be less clinically 

important relative to other aspects of EF with respect to successful alcohol use monitoring or 

cessation. Individuals likely rely on their capacity to inhibit prepotent responses when 

considering whether or not to initiate a drinking episode. They might also rely on 

information updating and set shifting when attempting to recall sobriety or moderation goals 

in the face of alcohol cues/urges. By contrast, VSWM may not have as direct an influence 

on an individual who is attempting to act in accordance with predetermined plans around 

drinking. Alcohol’s acute effects on VSWM, however slight, may still have an effect on 

other behaviors that occur in the context of alcohol use (e.g., sexual decision-making).

Each of the laboratory-based studies in Table 2 assessed EF at a single time point following 

alcohol ingestion. This represents a gap in our knowledge, for it is likely that changes in 

cognition over the course of a drinking episode are dynamic. For example, impaired control 

over drinking is believed to occur after the first or second drink of the drinking session [77, 

78], and the presence of impaired control predicts greater risk for developing an alcohol use 

disorder [79–82]. Thus, improving our understanding of the changes in EF that occur 

throughout the course of a drinking episode (with respect to the effects of ongoing 

consumption, as well as changes that may occur during the ascending and descending limbs) 

will likely have clinical and scientific import. We also need to develop a better 

understanding of the EF processes that are affected at relatively lower doses of alcohol. 

There are methodological challenges associated with answering this question, as lower doses 

of alcohol are metabolized quickly, limiting the amount of time available for neurocognitive 

assessment.

There is a general need for replication of findings, particularly with the use of standardized 

tests rather than reliance on home-grown research tasks, as this will improve the 

applicability of research findings and comparisons across studies. Studies that utilize 

neuroimaging tools to identify the neural correlates of EF deficits may be better able to 

detect subtle differences in EF than studies that rely solely on traditional EF tests [83]. 

Neuroimaging studies could therefore further advance our ability to understand the link 

between subtle EF deficits and alcohol use behaviors, and might also improve our ability to 

identify individuals at risk for developing alcohol use disorders. It will also be important for 

future studies to take family history of alcoholism into account, as it is likely that there are 

familial, biological, neurological, or genetic factors that contribute to both cognitive deficits 

and the initiation and maintenance of alcohol use disorders [84]. In addition, future studies 

in this area should seek to understand how developmental changes in EF and frontal lobe 

systems might interact with developmental periods of environmental, social, and behavioral 

change (e.g., adolescence/early adulthood) to increase alcohol use risk [51, 52].
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In sum, we examined the literature describing the links between alcohol use and EF, and 

provide information about different tasks that are used in the study of these constructs. There 

is compelling evidence that EF deficits place individuals at greater risk for a variety of 

alcohol-related behaviors, including initiation of alcohol use and the experience of alcohol-

related problems; and that once an individual consumes alcohol, there are subsequent 

changes in several EF processes that may contribute to negative alcohol-related 

consequences.
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Table 3

Tasks of Executive Functioning.

Task Construct Measured Description Age Ranges1 Administration

Wisconsin Card 
Sorting Task

Set Shifting, Rule 
Acquisition

Based on examiner 
feedback, examinees must 
learn an adapting set of 
rules to correctly sort the 
test stimuli

5 – 89 years 15 – 30 minute administration. 
Computerized version 
available. Task may be 
susceptible to practice effects 
in higher functioning 
individuals.

Trail Making Test Set Shifting (set-shifting is 
predominant in Part B only, 
Part A is more an 
assessment of attention)

Examinees must quickly 
connect in order, a 
randomly distributed series 
of numbers (Part A) or 
letters and numbers (Part 
B) on a page

9 – 89 years ~5 minute administration.

Mental Arithmetic 
from WAIS-III

Working Memory (verbal) Arithmetical word 
problems are presented 
orally to examinees who 
must solve the word 
problem without use of 
paper or pencil

16 – 89 years 3 – 8 minute administration

Self-Ordered Pointing 
Task [109]

Working Memory 
(visuospatial), Self-
Regulation

Examinees must point to 
objects presented in a 
series of layouts without 
pointing to the same object 
twice

7 – 65 years (not 
inclusive for all 
ages in the range)

20 minute administration. 
Distributed by Millisecond 
Software for a fee.

Tower of London/
Hanoi/Tower Test

Planning/Inhibition Discs or beads must be 
moved under a set of 
constraining rules to 
replicate a series of 
patterns

Numerous 
versions exists 
with norms from 
early childhood to 
late adulthood

10 – 15 minute administration

Iowa Gambling Task Planning Examinees draw from 
decks of cards that differ in 
their level of reward/
penalty, and must 
determine which deck 
offers the best odds to 
maximize winnings

18 – 79 years 15 – 20 minute administration. 
Computerized administration 
only.

Go/No-Go Response Inhibition A series of different tasks 
in which examinees must 
respond to one stimuli but 
withhold response to 
another stimuli

All ages due to 
qualitative nature 
of task

Variable stimuli and 
administration times. Often 
interpreted qualitatively.

Stop Signal Response Inhibition Examinees are required to 
initiate a motor sequence 
and stop the behavior at a 
signal, with reaction time 
as the target variable

Varies. CANTAB 
version 4 – 90 
years

Variable stimuli and 
administration times. 
Computerized versions 
available.

Stroop Task Response Inhibition; 
Resistance to Interference

A list of color names 
printed in discordant ink 
colors is presented to the 
examinee, who must ignore 
the words and identify the 
ink colors as quickly as 
possible

Varies by version 
within 5 – 94 
years.

5 minute administration.

Controlled Order 
Word Association Test 
(COWAT)

Mental Flexibility; Set 
Maintenance

Examinees rapidly list 
words beginning with a 
target letter while avoiding 
proper nouns and variants 
involving suffixes

Varies by version 
within 6 – 95 
years.

5 minute administration

Ruff Figural Fluency 
Test

Mental Flexibility Examinees draw as many 
unique designs as possible 

7 – 70 years 10 minute administration.
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Task Construct Measured Description Age Ranges1 Administration

within a time limit by 
connecting dots in a matrix

Porteus Maze Test Planning A path must be traced 
through a series of mazes 
without back-tracking

3+ years 15 – 60 minute administration.

CANTAB Collection of tests 22 tests of various aspects 
of executive functioning 
administered on a 
computer touch-screen

4 – 90 years 2 – 10 minutes administration 
per subtest; each subtest can be 
administered individually. 
Computerized administration 
only.

Groton Maze Learning 
Test

Planning; Set Maintenance Examinees must discover a 
hidden pathway through a 
computerized grid by 
following a set of rules

6 – 106 years Portion of the Cogstate 
computerized test battery. 
www.cogstate.com

EXAMINER Collection of tests Includes 11 computerized 
and paper-and-pencil tests 
(assessing working 
memory, cognitive control, 
and fluency); administered 
independently or as a 
complete battery

3 – 90 years (with 
a few exceptions 
noted in the 
manual for some 
tests)

English and Spanish versions 
are available, with 3 alternate 
forms for each version. Tests 
are freely available: 
www.memory.ucsf.edu/
resources/examiner

Delis-Kaplan 
Executive Function 
System (D-KEFS)

Collection of tests 9 tests of various aspects of 
executive functioning; tests 
can be administered 
independently or as a 
complete battery

8 – 89 years 90 minute administration for 
the full battery; some tests 
have alternate forms.

Note: For elaborate descriptions of the tasks, including psychometric data, normative data, and administration guidelines, see Strauss, Sherman, & 
Spreen (2006) or Lezak et al. (2012). Comprehensive descriptions and reviews can also be found in the Mental Measurements Yearbooks 
published by the Buros Institute

1
The age ranges provided here are for the most commonly available norms. Note that the quality of normative data may vary by age range and 

normative data for additional ages may be available in the research literature.
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