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Abstract

Objective: Cognitive training is an effective means of improving performance in a range of 

populations. Whether it may serve to facilitate cognitive recovery and longer-term outcomes in 

persons with alcohol use disorders (AUDs) is unclear. Here, we review historical and current 

literature and offer perspectives for model development and potential implementation.

Method: We considered a large literature regarding the nature of alcohol-related compromise, 

early efforts to clarify the nature of recovery and current models and methods underlying cognitive 

training paradigms. We then constructed a narrative review demonstrating evolving frameworks 

and empirical data informing the critical review of cognitive training methods as a means of 

mitigating compromise and facilitating functional outcomes.

Results: Cognitive improvement with abstinence is generally noted, but training protocols may 

enhance performance and generalize benefit to untrained, but highly similar, tasks. Transfer of 

training to dissimilar tasks and functional outcomes is uncommonly reported. It is noteworthy that 

some work suggests that clinician ratings for participants are improved. Inconsistency in sample 

characteristics, training protocols, and outcome measures constrain general conclusions while 

suggesting opportunities for study and development.

Conclusions: Cognitive training protocols have shown benefit in a variety of populations but 

have been examined infrequently in persons with AUDs. This overview indicates significant 

opportunity for cognitive improvement and recovery and thus a strong potential role for training 

protocols. However, supportive data are not robustly obtained. We suggest that one step in 

bridging this gap is the implementation of a conceptual framework incorporating contextual, 

behavioral, and neurobiological variables.

General Scientific Summary

Alcohol use disorders are associated with a range of cognitive deficits. Cognitive interventions 

have been proposed to facilitate cognitive recovery and improve long-term drinking outcomes and 

psychosocial adaptation. This review summarizes current literature and offers direction for future 

research and implementation.
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Decades of research demonstrate alcohol-related neurocognitive compromise persisting after 

detoxification among persons with alcohol use disorders (AUDs) but who do not suffer from 

Korsakoff’s syndrome or alcoholic dementia (Parsons, 1987a; Oscar-Berman et al., 2014). 

Although the specific number of those affected is not known, it is estimated that 30% to 40% 

of those with AUD exhibit clinically relevant levels of neurocognitive compromise 

throughout the first 2 months of abstinence (Diagnostic & Statistical Manual of Mental 
Disorders, 5th ed.; American Psychiatric Association, 2013). Estimates derived from 

research samples suggest that 50% to 80% of detoxified treatment seekers perform 

significantly worse than healthy age and education equivalent peers with a portion of these 

participants demonstrating clear clinical impairment (Bates, Bowden, & Barry, 2002; Fals-

Stewart & Lam, 2010; Parsons, 1986; Parsons & Nixon, 1993; Stavro, Pelletier, & Potvin, 

2013; Sullivan, Fama, Rosenbloom, & Pfefferbaum, 2002). Although verbal functions are 

relatively spared, alcohol-related deficits are observed across diverse cognitive abilities 

(Oscar-Berman et al., 2014; Parsons & Nixon, 1993). Consistent with variability in the 

estimates of those affected, there is notable heterogeneity in the level of severity across tests 

within individuals as well as across studies (Goldman, 1983; Le Berre, Fama, & Sullivan, 

2017; Pitel, Beaunieux, et al., 2007, Pitel, Witkowski, et al. 2007b). That said, deficits in 

abilities strongly dependent on the integrity of the prefrontal cortex (PFC) and its diverse 

networks such as attention, inhibitory control, behavioral regulation, and decision-making, 

that is, those commonly referenced as components of executive function (EF), are most 

vulnerable (Oscar-Berman et al., 2014; Sullivan et al., 2002; Tivis, Beatty, Nixon, & 

Parsons, 1995).

An expansive literature suggests a relationship between alcohol-related neurobehavioral or 

cognitive deficits and poorer treatment outcomes as reflected in measures of treatment 

engagement, treatment completion, and posttreatment abstinence (Buckman, Bates, & 

Morgenstern, 2008; Domínguez-Salas, Díaz-Batanero, Lozano-Rojas, & Verdejo-García, 

2016; Fals-Stewart & Lam, 2010; Fals-Stewart, Schafer, Lucente, Rustine, & Brown, 1994; 

Glenn, Sinha, & Parsons, 1993; Guthrie & Elliott, 1980; Leber, Parsons, & Nichols, 1985; 

McCrady & Smith, 1986; Teichner, Horner, Harvey, & Johnson, 2001; Walker, Donovan, 

Kivlahan, & O’Leary, 1983). Thus, not surprisingly, there is long-standing interest in 

exploring whether efforts to enhance cognition during treatment might benefit therapeutic 

process and posttreatment outcomes (Bates, Buckman, & Nguyen, 2013; Sofuoglu, DeVito, 

Waters, & Carroll, 2013; Walker et al., 1983). In response to early interest, a number of 

studies focusing on facilitating cognitive improvement were conducted in the late 20th 

century (see Goldman, 1986, 1987, 1995; Parsons, 1987b). Perhaps challenged by the 

inherent variability in alcohol-related deficits, inconsistent effect sizes, and/or conflicting 

resource demands, promising interventions were rarely implemented and programmatic 

study declined steeply with little reported advance across ~15–20 years. That said, fueled by 

developments in addiction and brain science, the field is enjoying a resurgence that is giving 

rise to new approaches offering promising outcomes (e.g., Rupp, Kemmler, Kurz, 
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Hinterhuber, & Fleishhacker, 2012; for reviews, see Bates et al., 2013; Bickel, Quisenberry, 

Moody, & Wilson, 2015).

Although we focus on cognitive and behavioral outcomes, we recognize that substantive 

cognitive change is accompanied by neuroadaptive accommodation (Buschkuehl, Jaeggi, & 

Jonides, 2012; Klingberg, 2010; Strenziok et al., 2014). This conclusion is supported by a 

substantial body of work demonstrating neuroadaptations associated with recovery/

abstinence (Chanraud & Sullivan, 2014; Fein & Chang, 2006; Fein, Torres, Price, & Di 

Sclafani, 2006; Naqvi & Morgenstern, 2015; Pfefferbaum et al., 2001; Prochaska & 

DiClemente, 1992; Rangaswamy & Porjesz, 2014; Seo & Sinha, 2015). Relatedly, there is 

also a developing literature suggesting treatment-specific effects on neural structure/function 

(Feldstein Ewing, Filbey, Sabbineni, Chandler, & Hutchinson, 2011; Vollstädt-Klein et al., 

2011). However, as noted by Naqvi and Morgenstern (2015), systematic investigations 

exploring to what extent cognitive interventions might alter these trajectories are largely 

lacking.

As evidenced in later sections, we agree with investigators and clinicians who emphasize 

that clinically relevant intervention programs must ultimately benefit functional outcomes, 

that is, demonstrate real-world relevance (Allen, Goldstein, & Seaton, 1997; Bates et al., 

2013). The definition of functional outcomes varies by disorder. Among persons with AUDs 

or other substance use disorders (SUDs), those of particular import include an improved 

capacity to mitigate/avoid harmful use and enhanced competency in managing personal, 

professional, and community relationships (Bates et al., 2013; Khemiri, Brynte, Stunkel, 

Klingberg, & Jayaram-Lindstrom, 2018; Kornreich et al., 2002; Oscar-Berman et al., 2014; 

Rupp, Derntl, Osthaus, Kemmler, & Fleischhacker, 2017). Engagement in treatment, self-

efficacy, and willingness to change also constitute relevant outcomes and are impacted by 

cognitive impairment (e.g., Bates, Pawlak, Tonigan, & Buckman, 2006; Le Berre et al., 

2012). Yet, they remain underappreciated as outcome measures in cognitive interventions 

(e.g., see Table 1).

Finally, even a casual review of extant literature reveals multiple labels for methods directed 

to improving cognition (e.g., cognitive rehabilitation, cognitive remediation, and cognitive 

retraining). The terms are often used interchangeably. But, at least partially, they reflect 

differences in the presumed etiology of cognitive improvement, specifically whether 

improvement occurs through reestablishing knowledge/skills or via developing alternate or 

compensatory means of accomplishing a task (Allen et al., 1997; Harvey, McGurk, 

Mahncke, & Wykes, 2018). Here, we use the term cognitive training in reference to 

programmatic efforts to improve cognitive performance in and across cognitive abilities 

without consideration of the presumed mechanism of change.

Below, we present a brief summary of general issues confronting the study of alcohol-related 

cognitive deficits and their recovery. Then, because scientific progress is contingent on 

appreciation of past work, we provide an overview of early studies addressing cognitive 

improvement in AUD populations. In the third section, we discuss investigations using 

current and emerging research strategies. Finally, in our concluding sections, we provide a 
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working model illustrating core constructs underlying cognitive training and suggest areas 

for further development.

General Issues/Challenges

Severity of Impairment

An important, but often underappreciated, factor is that training benefits are necessarily 

constrained by the capacity for improvement. Those abilities that are initially compromised 

would be expected to demonstrate greater benefit with training than would those unaffected 

at baseline. Thus, when evaluating the relative effectiveness of training protocols, a complete 

understanding of baseline performance across relevant cognitive abilities or domains is 

imperative. In short, null outcomes may be related to the absence of impairment, rather than 

an overarching failure in the training method. (e.g., Jaeggi, Buschkuehl, Shah, & Jonides, 

2014). This observation is of particular import when seeking to develop cognitive training 

programs for use in populations, such as AUD, characterized by highly variable and 

generally mild cognitive deficits.

Distinguishing Sources of Improvement

Substantial, but incomplete, improvement in cognition and brain dysregulation is observed 

in the first weeks/months of abstinence (Fernandez-Serrano, Perez-Garcia, & Verdejo-

Garcia, 2011; Page & Schaub, 1977; Pitel et al., 2009; Stavro et al., 2013). This progress, 

achieved without directed cognitive intervention, has been called time-dependent or 

spontaneous recovery and is generally assumed to accompany continuing abstinence (see 

Goldman, 1987, 1995). It should be noted, however, even in the absence of programmatic 

cognitive interventions, participants are cognitively and emotionally challenged throughout 

the course of treatment (Goldman, 1995). Therefore, one must be cautious in concluding that 

improvement achieved during treatment is due solely to abstinence. Also, when designs 

include non-AUD comparison groups, AUD and non-AUD groups often demonstrate 

equivalent magnitudes of change (i.e., equivalent slopes; for review see Parsons, 1987b). 

This pattern suggests that both groups benefit from practice. Recovery, on the other hand, 

would be demonstrated if the AUD group showed differential improvement. Importantly, 

recovery is not dependent on AUD groups achieving performance levels equivalent to that of 

the comparison group. Rather, it is contingent on the AUD group producing a steeper change 

slope than does the comparison group. (Parsons, 1987b).

Disentangling sources of improvement is also impacted by training methods and context. For 

example, training frequency/duration, task characteristics, nonspecific context variables, and 

a host of individual variables must be defined and evaluated (Goldman, 1986; Jaeggi et al., 

2014; Khemiri et al., 2018; Parsons, 1986). Otherwise, the differential contributions of 

practice, training, and transfer may be confounded. Relatedly, when assessing improvement 

across time, longitudinal designs offer obvious advantages. However, they also introduce the 

opportunity for differential attrition and potential shifts in the fidelity of the training 

protocol/intervention. Similarly, fully balanced designs that provide direct comparisons of 

multiple sources of improvement are desired but increase complexity and threaten feasibility. 

Taken together, it is clear that identifying the underlying source(s) of improvement across 
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time requires thoughtful design, sufficient sample sizes to address heterogeneity, and 

appropriate statistical methods. In the conduct of clinical research, there are inevitable 

limitations. Thus, we remain mindful that imperfect studies may yield relevant data.

Distinguishing Training Gains from Transfer of Training

Cognitive improvements occurring within and across training sessions are referred to as 

training gains. Training gains are most readily achieved when the training protocol is 

responsive to initial and changing performance levels, that is, it is dynamic (e.g., Holmes, 

Gathercole, & Dunning, 2009; Lilienthal, Tamez, Shelton, Myerson, & Hale, 2013). 

Performance during training is negatively associated with subjective ratings of task 

“difficulty” and “effortfulness,” but positively associated with ratings of “challenging” and 

“not overwhelming” (Jaeggi, Buschkuehl, Jonides, & Shah, 2011). These observations are 

consistent with fundamental principles of learning and motivation and reflect the fact that 

optimal improvement requires a balance between challenge and signals of increasing 

competency (Jaeggi et al., 2014).

The ultimate test for training protocols is the degree to which improvement achieved during 

training (i.e., training gains) subsequently benefits performance on untrained tests (i.e., 

transfer of training). Training transfer is commonly classified as either proximal or distal. 

Proximal transfer references benefit from the training task to an untrained test task that is 

presumed to demand highly similar cognitive abilities. Distal transfer refers to transfer from 

a training task to a dissimilar task. Although there are conflicting views regarding the degree 

to which transfer of training is possible (Owen et al., 2010; Sala & Gobet, 2017; Salminen, 

Strobach, & Schubert, 2012; Westerberg et al., 2007), it is clear that transfer is facilitated if 

training and transfer tasks engage common underlying neurobehavioral processes and neural 

networks (Constantinidis & Klingberg, 2016; Forsberg & Goldman, 1987; Klingberg, 2010). 

We return to discussion of levels of transfer in the later section describing a conceptual 

framework.

Individual Differences

Space prohibits a full discussion of relevant individual differences. Here, we introduce select 

variables relevant to alcohol and cognitive training studies.

AUD chronicity/exposure levels.—Increased AUD chronicity and recent/pretreatment 

levels of drinking are modestly associated with cognitive impairment (Beatty, Tivis, Stott, 

Nixon, & Parsons, 2000; Eckardt et al., 1998; Parsons, 1994; but see Ruiz et al., 2013). This 

finding is consistent with the previously noted heterogeneity within the AUD population. In 

the current cognitive training literature, these factors have received minimal attention. 

However, as programs evolve and expand, it will be pertinent that we determine whether 

they directly impact response to training protocols.

Age.—Although individual cognitive abilities are not equally impacted, it is well-

established that increasing age is associated with cognitive change (e.g., Salthouse, 2010). 

Importantly, older adults with AUD commonly exhibit greater degrees of cognitive 

compromise relative to their non-AUD age cohorts than do younger adults with AUD (Leber 
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& Parsons, 1982; Oscar-Berman & Marinkovic, 2007; Pfefferbaum, Adalsteinsson, & 

Sullivan, 2006; Pitel, Eustache, & Beaunieux, 2014; Rourke & Grant, 1999; Sullivan & 

Pfefferbaum, 2003). Furthermore, investigations (discussed below) reveal that older persons 

with AUD experience less cognitive recovery during early abstinence than do younger 

persons with AUD. We note that study of age effects among treatment-seekers has been 

constrained by the age ranges of those typically available for study, which seldom exceed the 

early 60s. In addition, because excessive drinking is associated with early death, persons 

with AUD surviving into older ages are unlikely representatives of typical older problem-

drinkers (Fein & McGillivray, 2007). Given expected increases in the numbers of adults over 

the age of 65 and current reports of increased drinking in older ages (Breslow, Castle, Chen, 

& Graubard, 2017), developing work should be highly cognizant of age as both a grouping 

and a correlative variable.

Sex.—Complex and often inconsistent literatures surround the study of sex differences in 

alcohol-related cognitive outcomes. Although some studies find that women are 

differentially sensitive to alcohol, others find no sex differences (Bobzean, DeNobrega, & 

Perrotti, 2014; Fabian, Parsons, & Sheldon, 1984; Nixon, 1994; Nixon, Prather, & Lewis, 

2014). An understudied aspect of these comparisons is that although sex differences in 

chronicity or typical drinks may be reported and analyzed, estimates of typical or chronic 

blood alcohol concentrations (BACs) are largely unreported. Women typically achieve 

higher BACs than men when consuming equivalent doses and therefore experience greater 

exposure to alcohol’s neurotoxic effects (Marshall, Kingstone, Boss, & Morgan, 1983). 

Hence, it could be argued that greater compromise in women versus men with AUD may not 

reflect an inherent differential vulnerability but arise from greater CNS exposure among 

heavy drinking women. Given the inconclusive nature of current research, sex differences 

merit directed attention in cognitive training studies.

Comorbid conditions.—Comorbid conditions are common in AUDs and may confound 

study of cognition. Even when individuals with significant comorbid clinical disorders such 

as the psychotic disorders, PTSD, and current major depression are excluded from study, 

treatment-seekers often endorse more psychiatric symptoms, particularly levels of negative 

affect. (Bates et al., 2004; Boissoneault, Lewis, & Nixon, 2019; Domenico, Lewis, Hazarika, 

& Nixon, 2018; Fein, 2015). In well-designed studies, the impact of these factors is 

mitigated by selection criteria and statistical control/methods. Perhaps more problematic in 

clarifying alcohol’s effects is the fact that polysubstance use/misuse in AUD is the dominant 

use pattern (e.g., Staines, Magura, Foote, Deluca, & Kosanke, 2001). To address this issue, 

participants may be subgrouped on the basis of their patterns of polysubstance use, and 

subgroups directly compared (e.g., Schrimsher, O’Bryant, Parker, & Burke, 2005; Beatty, 

Blanco, Hames, & Nixon, 1997; Gilbertson, Boissoneault, Prather, & Nixon, 2011; Lawton-

Craddock, Nixon, & Tivis, 2003; Nixon, 1999). In other settings, regression methods may be 

applied (Verdejo-García, López-Torrecillas, Aguilar de Arcos, & Pérez-García, 2005). 

Neither approach is fully satisfying although both improve interpretation. Attention to 

specific drug effects among polysubstance abusers is uncommon in studies of cognitive 

training in SUD/AUD populations. Consequently, we encourage their more deliberate 

consideration in future research.
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Early Studies of Cognitive Improvement in AUD

Building on available work (e.g., Allen, Faillace, & Reynolds, 1971; Page & Linden, 1974; 

Long & McLachlan, 1974; Tarter & Jones, 1971), Goldman conducted a series of seminal 

studies in the late 1970s and 1980s (e.g., Goldman, 1983, 1986, 1995; Goldman & Goldman, 

1988; many reviewed in Goldman, 1987). In these investigations, Goldman and colleagues 

systematically examined spontaneous/time-dependent and practice dependent improvement 

as well as training-related recovery. Initial studies showed significant, but uneven, 

improvement in the early weeks after detoxification. Verbal skills improved to estimated 

premorbid levels within weeks of initiating treatment (Sharp, Rosenbaum, Goldman, & 

Whitman, 1977), whereas others remained compromised (Ellenberg, Rosenbaum, Goldman, 

& Whitman, 1980). Critically, differences in task difficulty could not account for this 

discrepancy. Continuing research reveals similar outcomes with verbal skills being 

unimpaired or improving early in abstinence whereas other cognitive abilities, particularly 

those heavily reliant on PFC integrity, demonstrate not only greater initial impairment but 

also less initial improvement (e.g., Le Berre et al., 2017; Long & McLachlan, 1974; Brandt, 

Butters, Ryan, & Bayog, 1983; Oscar-Berman & Ellis, 1987; Parsons & Leber, 1981; Fabian 

& Parsons, 1983).

Goldman’s work also addressed age-related differences. Deconstruction of their earlier data 

showing minimal or no improvement (Ellenberg et al., 1980) revealed that performance 

stability/improvement was not uniform within the AUD group. They found that the observed 

lack of improvement was driven by older alcoholics with longer drinking histories. Further 

analyses indicated that age was the more robust correlate (Goldman, 1987). This finding is 

consistent with a large literature demonstrating age-related vulnerability to both acute (e.g., 

Lewis, Boissoneault, Gilbertson, Prather, & Nixon, 2013; Price, Lewis, Boissoneault, 

Frazier, & Nixon, 2018) and chronic alcohol effects (e.g., Brandt et al., 1983; Oscar-Berman 

& Marinkovic, 2007; Pfefferbaum et al., 2006; Sullivan & Pfefferbaum, 2003). Given 

current epidemiological trends (Breslow et al., 2017), it is noteworthy that within this early 

literature the label of “older” applied to individuals as young as 35 (Ellenberg et al., 1980).

The large majority of participants in early studies were men. In an exception, Fabian and 

Parsons (1983), used a comprehensive battery to assess performance in three groups of 

women; short-term abstinent (1 month), longer-term abstinent (4 years), and controls. The 

three groups were equivalent on tests of verbal ability. However, on tests dependent on PFC 

integrity (i.e., EFs), AUD groups, regardless of length of abstinence, performed more poorly 

than controls. In a related experiment, AUD women and controls were tested at baseline and 

again ~2 years later. Although both groups improved, the AUD group did not show the 

differential improvement expected to accompany recovery. An underappreciated caveat in 

this study is the fact that over the 2-year study period, over 33% of the AUD group resumed 

drinking, although at levels below pretreatment levels. When analysis by resumer status (i.e., 

resumer vs. abstainer) was conducted, those who resumed performed more poorly at both 

initial testing and retest, suggesting a link between poorer cognitive performance and poorer 

outcomes. Later research by this and other groups reinforces the importance of abstinence 

for sustained cognitive and neurobiological benefit (see Bartels et al., 2006; Parsons, 1993; 
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Pitel et al., 2009; Rosenbloom, Rohlfing, O’Reilly, Sassoon, Pfefferbaum, & Sullivan, 2007; 

Sullivan, Harris, & Pfefferbaum, 2010).

Goldman’s later investigations implemented modifications to better account for practice 

effects, determine differential improvement accompanying recovery, and explore transfer of 

training. For example, Forsberg and Goldman (1985) assessed performance across four 

practice sessions of both verbal and visual-spatial tests in AUD and control groups. At the 

end of practice, groups were tested on untrained tests of both types. Consistent with other 

reports, verbal performance across tests/time was unaffected by AUD, whereas all groups 

showed training gains on the visual-spatial test. Furthermore, groups also showed transfer of 

training to the untrained visual-spatial task. Importantly, AUD performance at the conclusion 

of training approached performance levels achieved by the control group on their first 

session. Together, the outcomes reflect transfer of training for both groups and recovery of 

function for the AUD group. One of the limitations in generalizing from these findings is the 

fact that although untrained, the transfer task was an alternate form of the training tasks and 

thus did not provide a rigorous test of transfer. A later study (Forsberg & Goldman, 1987) 

demonstrated transfer to tests with greater dissimilarity, but only if training and transfer 

tasks engaged the same sensory modality (i.e., auditory or visual).

In further efforts, Goldman and colleagues used a complex experimental design to extract 

practice effects and examine nonspecific contextual variables (Stringer, 1984; detailed in 

Goldman, 1987). They found that training on task-relevant strategies as well as repeated 

practice on a similar task differentially improved test performance on the Wechsler Adult 

Intelligence Scale Block Design (Wechsler & De Lemos, 1981) relative to conditions 

controlling for previous test exposure (pre–post test) or spontaneous recovery. Reflecting the 

complexity of AUD research, although the study showed training benefits, it failed to 

evidence expected spontaneous recovery or practice effects.

In this same period, Yohman, Schaeffer, and Parsons (1988) conducted a transfer of training 

study in which men receiving treatment for AUD were assigned to either no cognitive 

training, an intervention focused on developing strategies for more effective memory, or one 

focused on developing strategies for more effective problem-solving. Training occurring 

over a 2-week period with a total duration of 12 hr. Prior to and after the intervention, groups 

completed a neuropsychological battery assessing the targeted abilities and perceptual-motor 

skills. Analyses revealed that problem-solving training differentially improved problem-

solving performance but did not impact improvement in memory. Memory training was not 

effective in differentially improving either of the targeted abilities. On the untrained domain, 

perceptual-motor function, the groups showed equivalent improvement. Overall, training 

was relatively ineffective. Subsequent post hoc analyses suggested that lower levels of initial 

impairment and younger age were associated with greater, but task-specific, improvement.

Over the next decade, Fals-Stewart and Lucente (1994) published one of the few studies of 

cognitive training in SUDs. In an ambitious study of primarily male participants (74%), they 

examined cognitive change and clinician ratings across 6 months in court-mandated 

treatment-seekers with diverse substance use histories. In contrast to earlier studies, only 

individuals with demonstrable cognitive compromise were recruited. Participants were 

Nixon and Lewis Page 8

Neuropsychology. Author manuscript; available in PMC 2020 August 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



assigned to either a computer-assisted cognitive training (CACT) group, or one of three 

control conditions. Neuropsychological testing was administered at admission and monthly 

thereafter. The CACT group experienced significantly greater cognitive benefit than other 

groups until the 5th month assessment. The three groups that did not receive CACT 

demonstrated steeper gains in Months 3, 4, and 5, resulting in equivalent performance across 

the groups in Months 5 and 6. Clinician ratings of treatment engagement were higher for the 

CACT group throughout the assessment period. Postrelease substance use variables were not 

obtained. Of particular relevance to this review, later work by the group (Grohman & Fals-

Stewart, 2003) examined CACT in a sample without notable cognitive deficits and found 

that it was associated with improved commitment to treatment, successful treatment 

completion, and reduced drinking days at 6 months after discharge.

Taken together, this early body of work significantly influenced understanding of cognitive 

improvement during early abstinence, reinforced the differential susceptibility of specific 

cognitive abilities or domains, operationally distinguished practice from recovery outcomes, 

and initiated examination of transfer effects. Most, but not all, of these studies used 

components of standard neuropsychological batteries and intellectual assessments. With 

some exceptions, studies were limited by relatively small sample sizes, constrained training 

and assessment periods, and primary inclusion of male participants. Although not detailed 

here, in contrast to current trends and with the exception of nicotine, few participants 

reported significant polysubstance use and most were recruited from residential/inpatient 

treatment facilities. In addition, training task difficulty was largely standardized rather than 

being responsive to individual training performance, that is, it was not adaptive. Finally, 

although investigators explicitly recognized the import of functional outcomes, few studies 

obtained these data.

In the following 10–15 years, advances in theory and methods significantly expanded 

understanding of alcohol’s effects across neurobehavioral systems (Hunt, Nixon, & National 

Institute on Alcohol Abuse and Alcoholism 1993; Naqvi & Morgenstern, 2015; Oscar-

Berman & Marinkovic, 2007; Pfefferbaum, Rosenbloom, Fama, Sassoon, & Sullivan, 2010). 

Congruent with earlier research, this work reinforced conclusions of a prolonged period of 

cognitive impairment with differential trajectories for specific abilities or behavioral 

domains (e.g., Bartels et al., 2006; Bates et al., 2006; Fein et al., 2006; Sullivan, 

Rosenbloom, & Pfefferbaum, 2000; Sullivan et al., 2002). However, the potential role of 

cognitive training in facilitating more effective outcomes in AUD/SUD populations received 

relatively little attention (Bates et al., 2013). Recently, investigations of cognitive training 

have been reported using diverse clinical samples including persons with schizophrenia, 

traumatic brain injury, neurodegenerative disorders, and psychiatric disorders (for recent 

review, see Kim, Bahk, Lee, Lee, & Choi, 2018). These studies, combined with developing 

technologies and statistical methods, have revived interest in using cognitive training as a 

component of SUD/AUD treatment (see Bates et al., 2013; Bickel, Moody, & Quisenberry, 

2014; Bickel et al., 2015; Sofuoglu et al., 2013; Verdejo-Garcia, 2016).
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Current Research and Frameworks

Commercial, clinical, and academic interest in cognitive training has risen rapidly. As 

described by Harvey et al. (2018), over half of the approximately 4,200 cognitive training 

studies published in the last two decades were produced in the last 5 years. Using advances 

in the cognitive and behavioral neurosciences, these studies leverage the interdependence of 

neurobehavioral structures and processes. Their fundamental assumption is that targeting 

training to cognitive abilities that are known to engage diversely integrated neural networks 

should enhance the probability that training gains will show transfer benefit to untrained 

tests impacted by common neural networks (Constantinidis & Klingberg, 2016). Given their 

relevance to adaptive behavior and the diversity of neural networks with which they interact, 

EFs provide a likely target. Among these, working memory (WM) is frequently, but not 

exclusively, targeted. It should be noted that this approach may be particularly appropriate 

when directed to populations characterized by diffuse, relatively subtle cognitive 

compromise, such as those with AUDs (Kaplan, 1988; Sternberg, 1984; Nixon, 1993).

Recent Work

In the following section, we summarize recent work exploring cognitive training 

interventions in AUD populations and where appropriate refer to findings in the older 

literature. Among current studies of cognitive training in SUD, most have not distinguished 

performance on the basis of the specific SUD. Therefore, it is often difficult to distinguish 

the effects of alcohol from those of other drugs. To minimize this potential confound, we 

include studies with diverse substance use histories if samples included substantive 

proportions (>70%) of problem drinkers. Also, several contemporary studies use 

commercially available computerized training software. We proffer no opinion regarding the 

relative strengths of these programs and thus omit notation of specific product/company 

names. In Table 1, we summarize alcohol-associated cognitive training studies conducted 

over the last decade, with interpretation and summary of critical findings, methodological 

considerations, and future directions included below.

Cognitive Outcomes

Consistent with the larger cognitive training literature, training-associated cognitive gains 

are observed in a number of alcohol-related investigations. Importantly, and consistent with 

historical reports, improvements are largely relegated to proximal transfer or general/

nonspecific transfer; distal transfer remains difficult to characterize.

Encouragingly, several groups applying broad/multidomain training paradigms report 

training-contingent improvements across diverse measures. Fals-Stewart and Lam (2010) 

demonstrated transfer to an untrained neuropsychological assessment battery but failed to 

report domain-specific subscale scores. Rupp et al. (2012) examined a broad range of 

cognitive outcomes, including indices of “attention/executive function” (e.g., Trail-Making 

Tasks), “memory” (e.g., Munich Verbal Memory Test), and “miscellaneous measures.” 

Although significant improvements were observed in less than half of the individual 

measures, multivariate composite scores indicated substantial transfer across tasks. Gamito 

and colleagues (2014) used a web-based program to provide training on a battery of tests 
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tasking attention, memory, decision-making, spatial vision, perception, reasoning, and 

processing speed. Four weeks of training differentially benefitted performance, but only on 

tasks within the Frontal Assessment Battery (Dubois, Slachevsky, Litvan, & Pillon, 2000). 

Both Gamito et al. (2014) and Rupp et al. (2012) assessed performance on the Mini-Mental 

State Examination, which includes short assessments of sentence construction/

comprehension and orientation to time and place. Gamito and colleagues (2014) observed no 

training benefits. Rupp et al.’s (2012) positive findings suggest, not surprisingly given the 

nature of the Mini-Mental State Examination, that it may be more sensitive to training when 

used with individuals with more significant impairment. Finally, Bell, Vissicchio, and 

Weinstein (2016) used a training protocol directed to increasing memory capacity and 

observed training-associated transfer for untrained verbal learning and verbal memory 

measures. These outcomes offer promise. Yet, heterogeneity among training and transfer 

tasks challenges characterization of proximal versus distal transfer.

The remaining work reported in Table 1 used training paradigms focused on single domains/

processes. Jones et al. (2018) investigated inhibitory control training. Despite use of a stop 

signal task as both a training and outcome measure, no training-associated improvements 

were observed. Excepting Jones et al. (2018), and consistent with the larger cognitive 

training literature, WM has been the predominant domain of focus. Gunn, Gerst, Wiemers, 

Redick, and Finn (2018) assessed transfer on six nontrained WM tasks. Transfer was 

observed on three of the six, with two evincing sustained improvement at 1-month follow-

up. Khemiri and colleagues (2018) observed transfer in a verbal WM task, but not across a 

range of additional measures, including several alternate WM instruments. Similarly, 

Hendershot et al. (2018) observed training-associated improvement relative to active 

controls in a digit span task, but not in three other related WM measures.

Snider and colleagues (2018) assessed only a single cognitive outcome, employing a task in 

which participants listened to a series of sequential instructions and responded by 

manipulating objects on a virtual desk (e.g., “put the yellow crayon in the green box”). 

Following their WM training, Snider et al. (2018) observed proximal transfer using this 

measure, which they designated as a “functional” WM task. Although Houben, Wiers, and 

Jansen (2011) demonstrated training-associated WM performance enhancements at posttest 

and follow-up sessions, performance was measured using only the training tasks, precluding 

dissociation of transfer and practice effects.

Of the recent work reviewed in Table 1, Khemiri et al. (2018) provide the sole example of a 

single-process training experiment that included multidomain test assessment. Their group 

observed proximal transfer of WM training to several untrained WM tasks, but no transfer to 

other EF components or visual-spatial abilities. Thus, despite consideration of distal transfer 

as a “gold standard” measure in the larger literature, it remains both unobserved and largely 

uninvestigated in the alcohol-associated literature. Taken together, current evidence suggests 

training approaches targeting WM produce relatively effective proximal transfer, with some 

evidence for persistence at least one month following training. However, although 

observations of proximal transfer in these studies are encouraging, the lack of within-study 

consistency in results across similar measures and substantial between-study heterogeneity 

in selection of measures challenge interpretation.
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Discounting of delayed rewards.—Although much of the training literature uses 

“classic” neuropsychological measures or variants thereof, several groups have used 

measures that may be reasonable considered as both cognitive and functional outcomes. An 

exemplar of these is the discounting of delayed rewards (for review see Odum, 2011), on 

which performance appears at least partially reliant on WM (Kurth-Nelson, Bickel, & 

Redish, 2012). In a promising demonstration of training transfer, Bickel and colleagues 

(2011) observed that WM training reduced discounting of delayed rewards in 

psychostimulant abusers. In their recent alcohol-focused work, this group (Snider et al., 

2018) included two discounting measures. The first was a standard discounting task. The 

second, labeled an episodic future thinking delayed discounting task (EFT DD; Snider, 

LaConte, & Bickel, 2016) incorporated presentation of participant-generated cues of positive 

future events (gathered during baseline interview) during assessment. Although their 

analyses indicated the import of baseline function in training outcome (see related 

discussion below), they failed to reveal group-level differences in change on either the 

standard or EFT DD tasks. Consistent with these findings, Khemiri et al. (2018) and 

Hendershot et al. (2018) both observed null results in DD assessments following WM 

training. Excepting these studies, few indices spanning cognitive/functional boundaries have 

been used in recent alcohol-associated work, despite recognition of their import in recent 

cognitive training reviews (e.g., Harvey et al., 2018).

Capacity for improvement/personalized interventions.—As detailed previously, the 

relationship between individual differences in baseline cognitive function and training 

efficacy is an important consideration. Understanding their potential impact will facilitate 

greater personalization of training interventions. Rupp and colleagues (2012) provided 

crucial demonstration of a personalized approach. In their work, training was applied only to 

individuals with AUD meeting criteria for mild cognitive impairments (defined as ≥1 SD 
below normative scores on baseline assessments). Further, training tasks were 

individualized, with selection based on domain-specific impairments in baseline function. 

Notably, this approach evinced cognitive and functional transfer across numerous tasks.

Snider et al. (2018) and Gunn et al. (2018) also reinforced conclusions that training effects 

may vary as a function of baseline performance. Gunn and colleagues (2018) reported 

associations between baseline IQ and greater gains in the active training task, subsequently 

demonstrating that training performance predicted cognitive transfer. Both baseline IQ and 

WM function predicted transfer, however differential associations between control/active 

training groups were not analyzed. Snider and colleagues (2018) assessed individual 

differences in transfer effects using Oldham’s correlation between the difference in pre/

posttest scores and mean of those scores. Using this approach, they observed significant 

correlations in the trained group for both cognitive and functional outcomes that were not 

apparent among controls. In contrast, Khemiri et al. (2018) calculated Oldham’s correlations 

across a variety of outcome measures but found no evidence of rate-dependent 

improvements in the trained group.
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Functional Outcomes

The import of improved cognitive abilities is ultimately defined by the impact of this 

improvement on clinically relevant outcomes. As such, the paucity of emphasis on 

functional outcomes in alcohol-associated cognitive training studies is regrettable. As 

introduced earlier, functional outcomes represent a broad category of dependent measures, 

including direct drinking/use outcomes (e.g., days abstinent; drinks per day), indirect 

measures associated with use (e.g., craving; delay discounting), outcomes associated with 

treatment success (e.g., self-efficacy), and quality-of-life measures (e.g., social support). 

Below, we summarize the small literature informing this issue.

Treatment engagement/motivation.—Cognitive impairments are associated with 

poorer responses to SUD treatment, including decreased treatment engagement (Katz, 

Jaeggi, Buschkuehl, Stegman, & Shah, 2014), lower self-efficacy (Bates et al., 2006), and 

reduced insight (Shelton & Parsons, 1987). While training-associated improvements in these 

measures provide a hypothesized mechanism by which cognitive enhancement can impact 

treatment efficacy, they remain largely understudied. Fals-Stewart and Lam (2010) 

constituted an exception, observing that AUD patients who received cognitive training were 

more engaged and committed to treatment. Outcome measures included length of stay, 

ratings of therapeutic alliance, and ratings of treatment participation provided by treatment 

staff. Critically, treatment engagement appeared to mediate the effect of training on 

postdischarge abstinence (see Bates et al., 2013).

Drinking/use outcomes.—Half of the 10 studies reviewed in Table 1 include direct 

measures of substance use as intervention outcomes. Among these, the most striking results 

are reported by Houben and colleagues (2011) who observed a training-associated reduction 

of approximately ~8 drinks/week relative to controls (~28% overall reduction) with 

reductions persisting across 1 month in their sample of nontreatment seeking heavy drinkers 

(see Figure 1). Analyses revealed a conditional mediation effect involving implicit impulses 

to consume alcohol. Specifically, increases in performance across training sessions were 

more strongly associated with reductions in alcohol consumption among individuals with 

high positive implicit alcohol associations than those with low implicit associations. This 

pattern led the authors to assert that reduced drinking was mediated by increases in impulse 

control enabled by training-associated WM improvements.

Other WM approaches report inconsistent findings. Hendershot et al. (2018) observed no 

group differences in relapse rate at 1-month follow-up, although alcohol-specific rates/

quantities were not reported in this SUD sample. In contrast, Khemiri et al. (2018) observed 

a trend toward reduction in drinks per drinking day, but no effect on several other measures 

(e.g., heavy drinking days).

Studies not specifically directed to WM training (including single-process training and more 

broad approaches incorporating WM components) also report mixed results. Jones et al. 

(2018) observed no alterations in drinking behavior, in contrast to the increased percentage 

of postdischarge days abstinent noted by Fals-Stewart and Lam (2010). Observations from 

the latter study are highly pertinent, as measurements were conducted up to one year after 
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the training, and increased abstinence was accompanied by significant training-associated 

reductions in several addiction severity indices, specifically including alcohol. Among 

studies not applying direct drinking/use measures, only Rupp and colleagues (2012) 

employed craving indices. They observed no alteration in alcohol-associated obsessions, but 

a significant reduction in compulsions to drink.

Among training studies addressing functional outcomes, most focus on changes in drinking/

use. Despite some strong indications of reduction in drinking/use, outcomes for both of these 

domains remain mixed. Unfortunately, with the exceptions of Fals-Stewart and Lam (2010) 

and Houben et al. (2011), empirical investigations of potential mediators through which 

training may exert alterations in drinking or other functional outcomes remain rare.

Absent are measures or consideration of social cognition, critical skills for sustained 

recovery and psychosocial adaptation (e.g., Kornreich et al., 2002; Maurage et al., 2011; 

Rupp et al., 2017). Though overlooked, these complex outcomes rely on integration of 

diverse neural networks and may benefit from appropriately designed training (Quaglino, De 

Wever, & Maurage, 2015; Valmas, Mosher Ruiz, Gansler, Sawyer, & Oscar-Berman, 2014). 

Also largely absent are “quality of life” measures, ranging from potential alterations in 

interpersonal problems, stress/stressful experiences, social support, and employment status. 

In another example of its breadth, Fals-Stewart and Lam (2010) observed improvements in 

legal issues and family/social relationships one year after training. Taken together, although 

findings from outcome measures discussed above provide cause for optimism regarding the 

functional efficacy of training, they remain both narrowly applied and inconsistently 

observed.

Environmental Context

The environmental context in which the studies presented in Table 1 were conducted varied 

substantially. Although numerous environmental factors bear consideration, the most salient 

difference is whether or not training occurred in the context of treatment.

Six studies were conducted as adjunctive interventions delivered during treatment. Among 

these, only four were conducted in residential/inpatient contexts. This distinction is critical, 

given the multitude of differences in novelty, social interaction, and density of abstinence-

promoting activities present in inpatient versus outpatient settings. These differences were 

discussed in a recent review by Sampedro-Piquero, Alvarez-Suarez, and Begega (2018). In 

this article, the authors drew parallels between inpatient treatment environments and animal 

models of “environmental enrichment,” which are known to activate neuroplasticity in 

regions critical for reward processing, habit formation, emotion regulation, and executive 

functioning. If this analogy is accurate, the stimulating inpatient environment may enhance 

and thus heighten training benefits either directly or indirectly through enhanced self-

efficacy, motivation, and so forth. On the other hand, the benefits derived from the 

stimulating environment mightrender specific training unnecessary and thereby ineffective, 

suggesting that training effects may be more easily observed in contexts in which fewer 

environmental factors may confound outcomes.
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Heterogeneity among outpatient programs further complicates this distinction. For instance, 

Bell and colleagues (2016), who reported benefits to verbal learning and memory, applied 

training in the context of a work therapy program in which a 30-day residential program was 

followed by an outpatient day program that included structure and intensity comparable to 

some inpatient contexts. In contrast, few details were available regarding the outpatient 

treatment context in which Khemiri et al. (2018), who also observed transfer, delivered their 

training. Nonetheless, the potential impact of differences in therapeutic context between 

these studies is highlighted by methodological differences in training delivery. Participants 

in Bell et al. (2016) completed training as part of their therapy program, in lieu of additional 

work therapy activities. Participants in Khemiri et al. (2018) participated in training online, 

from their homes, thus training was not an integrated aspect of their recovery program. 

Given their disparate outcomes, these contrasts present an illustrative example of challenges 

in synthesizing results across this limited literature.

Similar complications arise in evaluating research conducted outside a treatment context. 

This distinction applies to four of the studies in Table 1. Two targeted clinical samples (i.e., 

nontreatment seeking individuals with AUD; Snider et al., 2018; Gunn et al., 2018), with 

both demonstrating proximal WM transfer (neither assessed drinking/use outcomes). Two 

targeted heavy drinkers defined on the basis of high Alcohol Use Disorders Identification 

Test scores or self-reported consumption levels. Among the heavy drinking samples, 

participants expressed desire to reduce their drinking in one study (Jones et al., 2018) but not 

the other (Houben et al., 2011). Thus, despite sound methodology in both experiments, 

comparison of efficacy between the utilized training approaches (i.e., WM vs. inhibitory 

control) remains problematic.

Experimental Design

Experimental control.—Although the selection of control and comparison groups in 

recent studies is more balanced than earlier work, some methodological issues persist. 

Nontreated comparison groups maintain some utility in recently abstinent AUD/SUD 

samples by facilitating estimation of time-dependent and/or treatment-dependent recovery. 

That said, nontreated comparison groups fail to control for a host of relevant confounds 

including potential impacts of placebo effects, training novelty/engagement, and 

interpersonal interaction with staff. Thus, active controls represent a critical component of 

cognitive training designs. Neither of the two recent investigations specific to residential 

treatment for AUD utilized active controls (Rupp et al., 2012; Gamito et al., 2014).

Active controls were used by the other eight studies, although with substantial variance in 

utilization. Consistent with the larger literature, several groups used identical training tasks 

in both experimental and control groups but maintained consistent low-difficulty training 

conditions among controls (designated “active nonadaptive” in Table 1; e.g., Houben et al., 

2011). In contrast, alternative tasks/activities have been used, including a computerized 

typing tutorial (Fals-Stewart & Lam, 2010) and categorization task (Jones et al., 2018). The 

latter method was also used by Gunn et al. (2018) in an innovative design which used a 

visual search task programmed for adaptive difficulty. Although none of these active 

approaches is inappropriate, each controls for different aspects of training interventions. 
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Thus, as this literature grows, heterogeneity in control methods may strengthen cross-study 

analysis of specific training components critical to improving alcohol-related outcomes. 

Unfortunately, at present this heterogeneity remains a challenge to cross-study synthesis.

Training intensity/dose.—In the SUD/AUD literature, total training time often falls in 

the range of 10–14 hr. This range is consistent with that reported in the larger cognitive 

training literature (e.g., Anguera et al., 2013; Klingberg, Forssberg, & Westerberg, 2002; 

Salminen et al., 2012). A dose–response analysis conducted by Stepankova and colleagues 

(2014) supports the utility of this common dose but demonstrated that although increased 

training sessions can enhance efficacy, the enhancement is subject to diminishing returns. 

Another source of variability is the duration of training. Although training sessions are 

commonly conducted over ~4 weeks, some studies have used more intensive protocols 

extending across several months. Finally, the number and spacing of individual sessions is 

also highly variable with the number of sessions ranging from 10 to 65 and their duration 

ranging from 30 to 60 min. Thus, although the current literature provides some guidance for 

future studies, optimal training doses remain uncharacterized. That said, a recent meta-

analysis indicated little evidence for dose effects within the larger cognitive training 

literature (Soveri, Antfolk, Karlsson, Salo, & Laine, 2017). This latter report offers hope that 

less rigorous cognitive interventions may have utility. This is particularly important when 

training is embedded with ongoing treatment demands and must be confined to a few weeks.

Motivation and usability.—There is currently little evidence that training methods 

employed in the current alcohol literature are sufficiently motivating to provide a means of 

intervention that uncompensated individuals will initiate and use routinely. This is a 

substantial challenge to usability, but also an opportunity to enhance aspects of training (e.g., 

intrinsic reward) likely to facilitate both adherence and efficacy. Training performance and 

subsequent transfer are enhanced by participant motivation, when motivation is intrinsic to 

the training task. Thus, sustaining task engagement is critical. Engagement is a 

multidimensional phenomenon including persistent, positive involvement with the task. 

Computerized programs for training, education, and rehabilitation purposes, specifically 

engineered to maximize engagement are often referred to as “serious games” (e.g., Lau, 

Smit, Fleming, & Riper, 2017). Over the last decade, training studies have increasingly 

leveraged computer science practices to maximize engagement in gamified tasks (e.g., 

Anguera et al., 2013). To date, this aspect of training has received little attention in 

substance abuse studies (but see Gamito et al., 2014). SUD samples are characterized by 

deficits in attention and motivation, suggesting strategies to maximize engagement may be 

particularly beneficial. However, although training modifications directed to enhancing 

motivation can improve task engagement, performance, and transfer (e.g., Prins, Dovis, 

Ponsioen, ten Brink, & van der Oord, 2011), negative findings caution against potential 

introduction of distracting or frustrating elements (e.g., persistent display of score; Katz et 

al., 2014). Thus, future intervention development efforts should be directed to maximizing 

engagement but must be informed by contemporary theory and practice in computer science, 

human–computer interaction, and serious game design.
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Targeted processes.—With some exception (e.g., Jones et al., 2018), recent training 

approaches targeting single domains/processes have consistently focused on WM over the 

past decade. In AUD/SUD contexts, these approaches appear informed at least in part by 

Bickel and colleagues’ (e.g., Bickel et al., 2011; Bickel et al., 2014) suggestion that WM 

processes provide an optimal target for improving functional outcomes. The literature cited 

here provides modest support for WM-specific approaches, but little evidence for 

preferential benefit relative to broad multidomain approaches targeting diverse processes. A 

multidomain approach was employed by two recent studies providing particularly strong 

evidence of training efficacy in AUD (Rupp et al., 2012; Fals-Stewart & Lam, 2010). In 

contrast, Houben et al. (2011) provide compelling data for the utility of WM-specific 

approaches in a subclinical sample. Complicating this distinction, many multidomain 

approaches heavily target WM processes but do not train them exclusively. In short, 

although both approaches appear to have potential, more thorough study of domain-specific 

versus generalized strategies is needed.

Source/number of training tasks.—The number of training tasks applied across these 

studies varies substantially. Some experiments (e.g., Houben et al., 2011; Gunn et al., 2018) 

have constrained training to ≤3 tasks, whereas several studies use large selections of tasks 

(with several failing to report the total number employed). For example, Rupp and 

colleagues (2012) administered up to 62 training tasks. Using diverse tasks within and across 

studies is useful in preliminary demonstrations of feasibility/efficacy and facilitates the 

process of defining initial empirical and conceptual boundaries. As reports accrue, however, 

the practice confounds cross-study comparison and obfuscates analyses directed to 

understanding which individual tasks may confer greater/lesser transfer to cognitive or 

functional outcomes.

Duration of effects.—A persistent issue in the larger cognitive training literature regards 

the duration of training effects. Unfortunately, few of the recent alcohol-associated cognitive 

training investigations characterized transfer effects in follow-up assessments, and among 

these training duration varied widely. Improvements in verbal memory and verbal learning 

reported by Bell et al. (2016) persisted 3 months after training, and remained strong effects 

(Cohen’s d ≥ 1.18). Of the three measures reflecting training-associated transfer at posttest, 

Gunn et al. (2018) noted sustained improvement at 1-month follow-up on rotation span and 

auditory consonant trigram tasks, but not a spatial span task. Although not examining 

transfer per se, Houben et al. (2011) noted that gains on the WM training task persisted at 1-

month follow-up.

Study dropout is a relevant consideration for any interventional study, particularly those 

evaluating longevity of intervention effects. Among the aforementioned studies, retention-

related issues appeared minimally confounding. All participants included in Houben et al. 

(2011) completed follow-up assessments, although the authors do not report dropout rates 

for individuals who may have been excluded. Gunn et al. (2018) included only individuals 

completing follow-ups in analyses but reported ~30% loss from the initially recruited 

sample. Bell et al. (2016) included individuals not completing follow-ups in analysis but 

reported only modest loss (~10%) relative to posttraining assessment. Among investigations 
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of long-term drinking outcomes, Fals-Stewart and Lam (2010) reported missing data from 

only 8% of participants across multiple follow-up assessments over a 1-year period. In 

contrast, Hendershot et al. (2018) reported loss of approximately 41% of the sample between 

posttest and the 1-month follow-up. Given the aforementioned association between 

continued abstinence and cognitive recovery (e.g., Chanraud & Sullivan, 2014; Pfefferbaum 

et al., 2001), we anticipate that the persistence of training effects may be similarly 

dependent. To our knowledge, this pertinent issue has not yet been studied.

Although maintaining training-associated improvements is desirable, in the context of 

training as an adjunct to AUD treatment, lack of group differences in follow-up assessments 

must be carefully interpreted. At follow-up, failure to observe previously detected group 

differences may reflect early training-associated acceleration of cognitive recovery (as noted 

by Fals-Stewart & Lucente, 1994), rather than a persistent shift in magnitude of recovery. 

However, by advantaging cognitive function early in the treatment process, training effects 

on functional outcomes (via enhanced treatment efficacy) may persist even in the absence of 

long-term cognitive differences. Unfortunately, longitudinal examinations of functional 

outcomes remain rare, though exceptional examples of persistent effects are noted by Fals-

Stewart and Lam (2010).

Summary of Recent Work

Our review reveals both potential and challenges facing the application of cognitive training 

interventions in persons with AUDs. There are promising examples of improvement in 

specific cognitive abilities, drinking outcomes and benefit to therapeutic processes. 

However, variability in methods, study sample, and training context, combined with the 

body of mixed results and the small number of published reports precludes meaningful 

conclusions of efficacy or estimates of effect size. Stated otherwise, there is a strong basis 

for the continued investigation of training intervention accompanied by only a weak basis to 

suggest that current training methods represent efficacious evidence-based interventions.

Although some criticisms of the recent studies are founded (e.g., lack of functional 

measures, longitudinal outcomes, appropriate controls), it bears noting that cognitive 

training interventions, particularly in the context of residential AUD/SUD treatment, are 

tremendously challenging and often incur practical limitations. Encouragingly, as awareness 

of relevant issues has grown, so too has its methodological sophistication (e.g., Khemiri et 

al., 2018). Thus, despite the necessity of discussing their constraints, we believe these recent 

reports reflect potential and provide guidance for future work. Many of the challenges in 

synthesizing findings across this emerging literature can be readily addressed through 

programmatic research. In the subsequent section, we outline a working framework that we 

hope will inform a path forward.

Visualizing a Framework

As evidenced throughout, the disappointing hallmark of cognitive training efforts in AUD is 

the paucity of robust transfer of training effects. As we were conducting this review, we were 

increasingly convinced of the inadequacy of the binary system for classifying transfer.
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We recognize that Harvey and colleagues (2018) reached a similar conclusion. They 

suggested that training efficacy can be better evaluated at four levels; training engagement, 

benefit to cognitive performance, benefits to cognitive abilities with direct real-world 

relevance, and transfer to real-world environments. In the context of the more typical 

nomenclature, training engagement is roughly equivalent to training gains; benefit to 

cognition includes both proximal and distal transfer; benefit to cognitive abilities with real-

world relevance would be typically referenced as distal transfer; and environmental transfer 

would align with a specific category of distal outcomes, functional outcomes. We appreciate 

the implications of their model and believe it will benefit the articulation of empirical 

questions and targeted outcomes.

Our conceptual framework approaches similar concerns but is not a competing model. We 

believe our framework encourages broader consideration of the potential strengths of 

cognitive training protocols, when core issues are addressed. We assert that the terms distal 
and proximal transfer occupy relative and dynamic positions, rather than discrete/distinct 

categories. The subsequent discussion suggests there are multiple pathways through which 

positive transfer may occur and notes conditions that will challenge any degree of transfer. 

Thus, we propose that (a) transfer may be facilitated through training on both the targeted 

cognitive ability as well as nontargeted abilities that inadvertently gain benefit through 

training, and (b) performance may be improved through indirect transfer. Although not 

illustrated, we anticipate that the degree of transfer enabled by nontargeted abilities or 

indirect transfer is likely, highly variable, and possibly relate to training duration.

To reflect these possibilities, we developed a Venn diagram illustrating how these factors 

might interface and impact transfer (see Figure 2). In developing the figure, we accept the 

premise that directed training across the full range of AUD deficits would require a broad 

battery of training and transfer tasks. As illustrated in previous sections, this challenge is not 

unique to AUDs and has been approached by using training tasks that engage diverse 

interrelated neural networks; the assumption being that training on these tasks will activate 

multiple circuits and thereby benefit performance on a wide array of cognitive abilities. As 

previously referenced, the PFC has extensive cortical networks and is the “hub” for cognitive 

abilities including attention, response inhibition, WM, error detection/response adaptation, 

and decision-making—abilities essential for purposeful, adaptive behavior. Thus, cognitive 

abilities mediated by the PFC are often targeted in training protocols. Among these, as 

illustrated in Table 1 and previous sections, WM has been most frequently, but not 

exclusively, examined.

WM and EF

WM training tasks are commonly used in cognitive training, yet because WM is only one of 

several EF,s a small circle labeled WM is embedded in the EF circle. In a full illustration, 

other EFs and their overlap would be depicted. To avoid distraction from the primary intent 

of the discussion, such a figure was not included. To indicate variability in WM tasks across 

protocols, an arbitrary number of smaller circles are evident within the WM circle. Training 

on any one of the WM tasks depicted is expected to benefit performance on untrained WM 

tasks. If the premise that training benefit is rendered on the basis of activation in interrelated 
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networks is correct, performance on other EFs such as attention, behavioral inhibition, or 

decision-making should also benefit from WM training, albeit to a lesser degree.

Other Cognitive Abilities

Tasks used to assess alcohol-related compromise in non-EFs are represented in other 

cognitive abilities (OCA). The overlap between OCA and WM indicates that WM training 

may enable transfer to these tasks, at least under certain task conditions. For example, WM 

training could be predicted to impart greater benefit to a list learning transfer task with 

embedded distractors than to tasks assessing visual-spatial or mental rotation abilities. Tests 

tasking these latter skills are posited to lie in OCA outside the area of overlap with EF. We 

hypothesize that if WM training enhances other EFs (e.g., selective attention, behavioral 

inhibition), and if these EFs, in turn, play a role in performance on non-EF tasks, positive 

transfer might be achieved, illustrating indirectly modulated (distal) transfer. Similarly, if 

training enhances general variables such as arousal or motivation, performance benefits may 

be observed, regardless of cognitive task.

Functional Outcomes

As previously detailed, investigators have considered a range of functional outcomes 

including those related to the therapeutic process, postdischarge drinking, affect/mood, and 

interpersonal well-being. Given the role of EFs in supporting relevant behaviors such as 

enacting refusal skills or inhibiting initial responses, our diagram shows FO overlapping 

with EF more fully than it does with OCA. There is also an area of overlap between OCA 

and FO not shared by EF. Although this overlap is not commonly considered, it represents 

the possibility that training on tasks focused on visual-spatial ability or spatial memory, for 

example, may provide transfer benefit to certain functional outcomes. For example, one 

possibility is that training on spatial memory might benefit avoidance of former oft-visited 

bars or drinking establishments by enhancing cognitive/spatial mapping skills.

The large area of FO that remains separate from the other circles is consistent with the 

limited reports of successful transfer. This area reflects the fact that functional outcomes are 

complex integrated behaviors, influenced by individual differences as well as psychosocial 

and cultural contexts and incompletely accounted for by traditionally assessed abilities. That 

said, some functional outcomes have shown sensitivity to cognitive training. Among those, 

the most robust findings are related to therapeutic processes assessed during treatment. This 

outcome may be an example of indirect benefit achieved through the training effects on 

motivation, attentional abilities, or self-efficacy experienced during treatment, or it may 

represent direct transfer from the training task(s) to treatment engagement or related 

variables. Studies to date cannot disentangle these possibilities. It should be noted that these 

therapeutic gains may not directly impact posttreatment adaptation but may reflect potent 

intermediary gains that differentially advantage AUD subgroups after treatment (e.g., Bates 

et al., 2013).

Alcohol-related compromise in interpersonal skills and emotion regulation have long been 

noted (Kornreich et al., 2002; Lewis, Price, Garcia, & Nixon, 2019). Given their relevance to 

effective psychosocial adaptation, they represent an important target for intervention. It is 
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unclear where one might locate these abilities within FO. Indeed, improvement in EFs, 

particularly those related to behavioral inhibition and decision-making, may offer some 

benefit in these domains. However, given their multifactorial nature, we would not expect 

that specific skill training would fully remedy these deficits.

Expanding cognitive training or focusing on different EFs might provide added benefit. That 

said, initial studies using these approaches are not conclusive (Jones et al., 2018). Thus, 

taken together, existing data and the proposed framework reinforce the import of rethinking 

the structure and objective of CT protocols. More directly, protocols might be explicitly 

focused on behavioral components of functional outcomes and attempt to account for 

variables that would interfere with execution of desired responses. In partial response to this 

issue, we are conducting a pilot study using cognitive training methods in which we examine 

the role of emotion (words and faces) and sensory modality on WM learning and transfer of 

gains to other cognitive domains. Our objective is to examine the degree to which emotional 

stimuli impede WM learning and whether, if observed, this interference can be overcome 

with training. As the work matures, we will examine the association between patterns of 

training gains, posttreatment drinking, and interpersonal function. Regardless of the study 

design, we recognize that because functional outcomes are multiply determined and rely on 

the integration of separate, but interdependent neurobehavioral processes and cognitive 

abilities, transfer effects are unlikely to be large. However, if future refinements in training 

lead to reliable reproduction of even small effects, given the scalability and accessibility of 

cognitive training as an adjunctive intervention, the public health impact of these small 

effects would be substantial.

Concluding Comments

As we close this section, we reiterate that our propositions and assumptions do not meet 

standards for a theoretical model. The diagram provides visualization of core constructs in 

cognitive training paradigms and depicts how tasks within and across the three circles vary 

in their sensitivity to transfer effects. In considering the varying degrees of separation and 

overlap, the framework highlights the pertinence of an a priori definition of desired 

outcomes with training tasks being selected on this basis. The patterns of potential change 

and their interrelatedness reflect the need for statistical models appropriate for defining 

dynamic interactions. Finally, it is worth stating explicitly that in a translational context, the 

more meaningful outcomes may lie at the edges of our hypothetical circles and require 

integration of ostensibly disparate processes. Practical concerns related to matters such as 

training length, duration or the ability to sustain engagement are not addressed and 

contribute another layer of complexity. Furthermore, based on existing literature, we 

concede that training protocols will not benefit all participants, nor are they likely to mitigate 

compromise across the full range of deficits observed in AUD populations. These 

anticipated limitations may be leveraged to motivate and inform future work.

Future Directions

Our framework suggests that expanding the overlap across training processes, cognitive 

outcomes, and functional outcomes would improve transfer and, ultimately, outcomes. 

Although not depicted in the figure, the larger conceptual framework recognizes the 
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possibility that identifying ways of optimizing generalization among untrained, but shared, 

processes might also enhance training efficiency. At this developmental phase, effective 

methods to achieve these ends remain undefined. Importantly, although the framework was 

derived from current work using directed cognitive training, it does not preclude the 

possibility that combining cognitive training with other promising interventions may provide 

added benefit.

One such approach is bias modification. Cognitive biases for alcohol refer to both the 

implicit direction of attention toward alcohol cues and the facilitation of alcohol-associated 

approach behaviors. These biases contribute to loss of behavioral control in AUD (for 

review, see Stacy & Wiers, 2010) and are targeted in bias modification interventions. Bias 

modification approaches weaken stimulus–response associations and reactivity to alcohol 

cues (e.g., Fadardi & Cox, 2009). Wiers and colleagues developed the alcohol Approach-

Avoidance Task, a bias modification method using repeated sessions of directed avoidance 

responses to alcohol cues (Wiers, Rinck, Dictus, & van den Wildenberg, 2009). Approach–

avoidance training is reported to reduce relapse rates (Wiers, Eberl, Rinck, Becker, & 

Lindenmeyer, 2011; Eberl et al., 2013; Manning et al., 2016), although recent meta-analysis 

suggests the strength of these effects is equivocal (Cristea, Kok, & Cuijpers, 2016). 

Mechanisms purported to underlie bias modification and cognitive training effects are 

distinct (i.e., weakening of “bottom–up” alcohol associations vs. strengthening of “top–

down” control, respectively). However, combination of these mechanistically distinct 

approaches may offer the potential for additive effects. Although this possibility remains 

largely unexamined, two of the three active intervention groups used by Jones et al. (2018) 

shared this approach. Jones and colleagues used “associative” Go/No-Go and Stop Signal 

training tasks in which stimuli utilized at “No-Go” and “Stop” signals were alcohol related, 

thus training reflected attempts to both strengthen cognitive control and weaken positive 

alcohol associations. Although neither task appeared efficacious, this combined approach 

provides a model for future development of novel, innovative, cognitive interventions.

Another opportunity lies in considering the benefits of exercise. Substantive literatures 

demonstrate that even moderate levels of exercise are associated with cognitive benefits (van 

Praag, Kempermann, & Gage, 1999; other). Studies with problem-drinkers showed that 

exercise was associated with both cognitive and functional benefits (e.g., Brown et al., 

2009). Finally, an investigation by Shors, Anderson, Curlik, and Nokia (2012) suggests 

effortful learning over extended periods promotes the survival of nascent neurons and 

facilitates integration into existing neural networks. Thus, it follows that, if combined, 

exercise and cognitive training may have synergistic potential. Interestingly, it is possible 

that exercise would result in generalized activation, serving to enhance the breadth of the 

cognitive transfer. Although attractive, to the best of our knowledge, this approach remains 

untested.

We briefly introduce these three because of their behavioral focus. We recognize there are 

almost endless opportunities including the combination of cognitive training with 

mindfulness training and/or modulation of autonomic systems (Eddie, Vaschillo, Vaschillo, 

& Lehrer, 2015; Roos, Bowen, Witkiewitz, 2017). That noted, the spectrum of possibilities 

also encompasses those combining cognitive training with interventions directly affecting 
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neurobiology such as pharmacologic interventions (e.g., medications used to enhance 

cognition) and/or brain stimulation (e.g., transcranial magnetic stimulation, transcranial 

direct current stimulation).

Defining the overarching parameters of training interventions is one factor determining next 

steps. Another is the possibility that the current methods for delivering training and/or the 

specific training curricula may not be sufficiently engaging to sustain motivation in clinical 

populations who are not research participants. One option is to use computer programs 

specifically engineered to maximize engagement in training, education and rehabilitation 

contexts, so-called “serious games” (e.g., Lau et al., 2017). Over the last decade, cognitive 

training studies have increasingly leveraged computer science practices to maximize 

engagement in gamified tasks (e.g., Anguera et al., 2013). Importantly, although certain 

modifications may enhance performance (e.g., Prins et al., 2011), others may increase 

distraction or heighten frustration (e.g., persistent display of score; Katz et al., 2014). To 

date, despite their potential, these approaches have received little attention in substance 

abuse studies (but see Gamito et al., 2014).

Conclusion

In closing, data regarding a generalized benefit of cognitive training in the treatment of 

SUDs/AUDS are not robust. Although individuals with AUD often show improvement with 

cognitive training, the degree to which this training improves diverse aspects of cognitive 

performance and/or functional outcomes such as drinking and psychosocial adaptation is 

unclear. Furthermore, in current studies, the training and transfer tasks, functional outcomes, 

training protocols, and participant characteristics are highly diverse and constrain 

comparison and generalization. That said, although we have endeavored to remain 

conservative in our discussions of this literature, we maintain a continued scientific 

enthusiasm for the potential of cognitive training as a means of facilitating sustained 

recovery. When viewed as a whole, there is reason to be hopeful that these methods can be 

refined to meet the needs those with AUD. To meet this objective, we must encourage the 

conduct of additional programmatic research using carefully defined methods and guided by 

conceptual models and frameworks.
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Figure 1. 
Reduction in weekly alcohol use during and following working memory training. Taken 

from Houben et al. (2011). Depicts estimated marginal means for alcohol consumption at 

pretest (initial session), posttest (1 week following training), and follow-up (30 days 

following posttest) periods. Consumption is represented as average alcoholic drinks per 

week. Errors bars represents standard errors of the mean. From “Getting a Grip on Drinking 

Behavior: Training Working Memory to Reduce Alcohol Abuse,” by K. Houben, R. W. 

Weirs, and A. Jansen, 2011, Psychological Science, p. 968–975. Copyright 2011 by SAGE 

Publications, Inc. Reprinted with permission.
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Figure 2. 
Conceptual framework of cognitive training constructs. The three large circles represent 

areas of alcohol-related compromise. The frequent reliance on working memory training in 

cognitive training protocols is reflected in the circle labeled “WM.” The three large circles in 

Figure 2 represent three general cognitive/behavioral domains known to be sensitive to 

alcohol-related impairment. The center circle represents EFs; the one on the left, other non-

EF cognitive abilities; and on the right, functional behaviors/outcomes. See the online article 

for the color version of this figure.
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