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Introduction: Deficits in the cognitive domains of attention and memory leave a large impact on everyday activities that are not easily captured in the clinical environment. Therefore, clinicians are compelled to utilize assessment tools that elicit everyday functioning that include real-world contexts and distractions. As a result, the use of computer-assisted assessment has emerged as a tool for capturing everyday functioning in a variety of environments. The purpose of this scoping review is to map how virtual reality, augmented reality, and computer-based programs have implemented distractions for clinical populations.
Methods: A scoping review of peer reviewed publications was conducted by searching Pubmed, PsychInfo, Web of Science, Rehabdata, and Scopus databases (1960-October 20, 2020). Authors completed hand-searches for additional published and unpublished studies.
Results: Of 616 titles screened, 23 articles met inclusion criteria to include in this review. Primary distraction display modalities included computer monitor displays (n = 12) and head mounted displays (HMD) (n = 7). While computer-assisted assessments included distractions, no systematic approach was utilized to implement them. Primary distractions included both auditory and visual stimuli that were relevant to the task and/or simulated environment. Additional distraction characteristics emerged including location, timing, and intensity that can contribute to overall noticeability.
Conclusion: From this review, the authors examined the literature on the implementation of distractions in simulated programming. The authors make recommendations regarding identification, measurement, and programming with suggestions that future studies examining metrics of attention to implement distraction in measurable and meaningful ways. Further, the authors propose that distraction does not universally impact performance negatively but can also enhance performance for clinical populations (e.g. additional sensory stimuli to support focused attention).
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INTRODUCTION
Persons with attention and memory deficits (PAMDs) are susceptible to long-term problems in everyday functioning due to distractibility (Simmeborn Fleischer, 2012; Gelbar et al., 2014; Adreon and Durocher, 2016). PAMDs include clinical populations with diagnoses of attention deficit hyperactivity disorder (ADHD), autism, stroke, traumatic brain injury (TBI), Parkinson’s disease (PD), and cognitive decline with aging. A common challenge with assessing PAMDs is that they can score within normal limits on standardized assessments but report significant difficulty in everyday environments (Beaman, 2005; Knight et al., 2006). A promising new method of assessing these clinical populations is through computer-assisted assessments that simulate everyday environments with distractions.
Functional activities, such as attending to classroom activities, scheduling appointments, completing work tasks, and communication, require fluctuating attentional resources and management of distractions. However, PAMDs often experience difficulty maintaining focus during tasks (Newcorn et al., 2001; van Mourik et al., 2007) while inhibiting competing sensory stimuli (Koplowitz et al., 1997). Inhibition issues are also associated with breakdowns in working memory (Brewer, 1998; Trudel et al., 1998; Lutz, 1999; Hartnedy and Mozzoni, 2000; Brewer et al., 2002; Levin et al., 2004; Knight et al., 2006; Krawczyk et al., 2008; Levin et al., 2008; Couillet et al., 2010). Deficits in distraction management may impact several PAMDs life domains, including home, academic, social, and work. Because PAMDs attention and memory abilities can decrease in distracting environments, their performance in a clinical testing environment can differ significantly from everyday life.
Standardized neuropsychological assessment has evolved from detecting and identifying neuropathology (impairment-based) to making inferences regarding abilities to perform everyday tasks. Shifting from impairment detection to making predictions of everyday functioning has increased the need for ecologically validity assessments (Spooner and Pachana, 2006). Ecological validity has two distinct components, 1) surface validity, and 2) criterion validity that refer to the degree of relevance or similarity that a test or training has to the “real” world (Neisser, 1978). Surface validity includes linking of task demands and the demands in everyday environments (Spooner and Pachana, 2006). Criterion validity indicates how the results on an assessment instrument are associated to scores on other measures that make inferences about real-world performance (Franzen and Wilhelm, 1996). Impairment-based assessments are administered under optimal conditions for concentration; and therefore, are not sensitive to the distractions present in daily cognitive function (Sbordone, 1996).
The ecological validity in impairment-based assessments of attention and memory has been a point of concern for many years (Sbordone, 1996; Van Der Linden, 2008). Primarily, with their ability to capture “everyday” functioning (Sbordone, 1996; Van Der Linden, 2008; Marcotte and Grant, 2010). The issue is that impairment-based assessments are used to diagnose attention and memory deficits and to make predictions of everyday function (Spooner and Pachana, 2006). Research analyzing the relationship between standardized neuropsychological assessments and everyday functioning shows a “modest” or “moderate” (predicting job performance R2 = 0.64, predicting occupational status R2 = 0.57), correlation depending on the assessment type (Kibby et al., 1998), real-life performance criteria (Marcotte et al., 2010), injury (Chaytor and Schmitter-Edgecombe, 2003; Wood and Liossi, 2006; Silverberg et al., 2007), or cognitive and/or executive function target (Chaytor and Schmitter-Edgecombe, 2003). The development of functional assessments such as the Test of Everyday Attention (TEA; Robertson et al., 1994), the Behavioral Assessment of the Dysexecutive Syndrome (BADS; Wilson et al., 1996), the Rivermead Behavioral Memory Test (RBMT; Wilson et al., 1985), the Cambridge Test of Prospective Memory (CAMPROMPT; Wilson et al., 2004), Continuous Performance Test (Conners, 1995), STROOP Task (Stroop, 1935), and Wechsler Adult Intelligence Scale (WAIS; Wechsler, 2008) may better predict everyday function than impairment-based assessments. Such functional assessments have higher levels of ecological validity (surface and criterion validity), enabling inferences of everyday functioning to be made (Spooner and Pachana, 2006). Still, there continues to be a missing component of the inclusion of everyday distraction in the development of functional and impairment-based assessments. Accurate inferences about everyday performance should be made based on assessments that simulate everyday environments that include distractions. Furthermore, clinical assessments and interventions should identify specific distraction characteristics that impact attention and memory to predict environments in which strategies or accommodations are needed. Perhaps the absence of research focusing on the impact of specific elements of distraction is due to a lack of established distraction characteristics, dosing, and measurement parameters.
The term distraction has an inherent negative connotation implying it that it solely creates negative outcomes on attention and memory performance. However, previous ADHD literature suggests that distractions can enhance task performance by increasing arousal to meet task demands (Zentall and Meyer, 1987; Corkum et al., 1993; Abikoff et al., 1996; Sergeant et al., 1999; Leung et al., 2000; Sergeant, 2005). One explanation for this phenomenon is that when there is spare attentional capacity with no other information to attend to, attention may turn inwards resulting in internal distraction (i.e., mind wandering) (Kahneman, 1973; Forster and Lavie, 2007). Thus, findings about the impact of distraction on task performance remain unknown.
Distractions can be classified by modality, such as internal, auditory, visual, audiovisual, and tactile. Distractions can also be classified by relevance to the task at hand or by the relevance of stimuli to the task stimuli (Boll and Berti, 2009). Recent evidence supports the duplex-mechanism account of auditory distraction where sound can cause distraction by interfering with task processes (interference-by-process) or by steering attention away from the task despite the type of processing that task requires (attentional capture) (Huges, 2014). The challenge with managing distractions is that attention is required to focus on goal-relevant stimuli while also being simultaneously open to irrelevant-stimuli given the possibility that stimuli will become relevant. However, goal-irrelevant stimuli can interfere with the effectiveness of goal-driven behavior (Baddeley et al., 1974; Salame et al., 1982; Beaman et al., 1997; Jones et al., 1992; Huges and Jones, 2003a). Attention, motivation, and emotional state contribute to the filtering of environmental stimuli that assists in the judgment and selection of information that are the most important to our behavior, goals, and situation context (Tannock et al., 1995; Levin et al., 2005; Baars and Gage, 2010; Pillay et al., 2012). For this scoping review the term relevancy will be defined as relevance to the task at hand as well as relevance to the simulated environment. Although distraction has been described with characteristics such as relevancy, perhaps there are more characteristics that can be utilized for their implementation into simulation assessments. For the purposes of this study authors are interested in extrapolating distraction characteristics among simulation research either for task disruption or enhancement.
Recently, computer-assisted assessment approaches have been used to simulate everyday environments in order to analyze human performance in everyday life (Eliason et al., 1987; Rizzo et al., 2000; Lalonde et al., 2013; Bouchard and Rizzo, 2019; Mozgai et al., 2019; Saredakis et al., 2020). Computerized approaches can simulate functional everyday environments with greater fidelity as technology has improved. The simulation hardware includes computers, tablets, smartphones, as well as virtual reality (VR) and augmented reality (AR) programming. Visual displays have evolved from computer monitors to 3-dimentsional (3D) displays to head mounted displays (HMDs) with 360° views of the environment. VR and computer programs offer a variety of display options that increase the sense of “presence” within a program. Presence refers to the feeling that the user is in the simulated environment. It is hypothesized that the sense of presence will increase the likelihood the user will interact as they would in the real world. However, increasing the range of visual representations within simulation programming also comes with the risk of triggering simulation sickness or motion sickness in participants wearing HMDs. Although certain clinical and healthy populations may suffer from simulator sickness during or after HMD usage, improvements in updating visual displays, often 90 times per second, have decreased the prevalence of this issue (Bouchard and Rizzo, 2019). Saredakis et al. (2020) completed a systematic review and meta-analysis on the factors associated with VR sickness in HMDs. Results indicated that symptoms of dizziness, blurred vision, and difficulty focusing may be more likely to develop when using HMDs based on pooled Simulation Sickness Questionnaire ratings (SSQ) (Saredakis et al., 2020). Also, SSQ subscale scores were lower for studies with simulation exposure <10 min as compared to those that were equal or 10 min (Saredakis et al., 2020).
Examination of how distractions have been incorporated into computerized simulations has been given little attention. However, attention and memory processes require adjustment to meet the demands of environmental distractions for successful task completion. Therefore, it is critical to understand what distraction characteristics impact attention and memory to improve the sensitivity and specificity of clinical tools as well as clinical recommendations for home, academic, social, and vocational independence. Further investigation into methods for distraction implementation, types of distractions, and their impact on attention and memory could provide useful information for both researchers and clinicians. The purpose of this scoping review is to map how distractions have been utilized in simulated environments (Tricco et al., 2016). Authors will address the following question:
RQ1: How and what type distractions have been implemented in simulation research to target clinical populations with attention and/or memory deficits?
METHODS
Identifying Relevant Studies
Authors utilized PRISMA guidelines and protocols to complete this scoping review. We completed a systematic search of the literature on distractions utilized in computer-assisted assessment of attention and memory in five database searches including PsychInfo, PubMed, RehabData, Scopus, and Web of Science. The literature search focused on VR, AR, and computer-based programs that utilized distractions for populations with attention and memory disorders. A search strategy was developed in collaboration with a medical school librarian at the University of Kentucky. Articles were searched from any point in time until October 20, 2020. In addition to key word searches, a hand-search of citations for pertinent articles was conducted. The following search terms were used for the retrieval of relevant articles:
(((((virtual reality) OR computer-based) OR augmented reality) AND attention) OR memory) AND distractions.
((Virtual Reality OR Computer-Based) AND (Attention OR Memory) AND Distractions) NOT (Pain Management OR Surgery OR Exposure Therapy)
(TITLE-ABS-KEY (virtual AND reality) OR TITLE-ABS-KEY (computer-based) OR TITLE-ABS-KEY augmented AND reality) AND TITLE-ABS-KEY (attention) OR TITLE-ABS-KEY (memory) AND TITLE-ABS-KEY (distractions))
Study Selection
To meet inclusion criteria articles needed to be written or available in English, included and focused on clinical populations with attention and/or memory deficits, utilized distractions within a simulation (VR, AR, or Computer-Based), used any experimental design, and was written prior to literature search date. To ensure a comprehensive literature search authors included other scholarly work that provided descriptions of programs that included distractions.
Articles were excluded if they; 1) only utilized a healthy population, 2) included second language learners, and 3) if they did not assess attention or memory (i.e., assessed limb movement, pain management, balance, etc.). Pain management articles were excluded if they did not assess attention or memory and included distractions. Articles that targeted PTSD or other anxiety disorders were excluded if they did not target attention or memory, did not document distractions, and were not a simulation-based study.
A total of 661 articles were found from the five databases used (PsychInfo, PubMed, RehabData, Scopus, and Web of Science) and hand searching. Forty-six duplicates were removed using EndNote software this left the authors with 615 articles to be screened. Initial screening was done based on article title and abstract excluding irrelevant studies using the inclusion and exclusion criteria. After the initial screening, 61 articles were chosen to read the full text. After reading all 61 articles 38 articles were excluded with reasons including lack of clinical population, no assessment program, and no distractions measured or implemented. Additionally, authors did not find data from any unpublished articles that met the inclusion criteria for this review. In total 23 articles were identified as relevant. One independent author screened article titles and identified relevant articles. Two independent investigators extracted data from each article. Any discrepancies in data extraction were resolved between investigators. Authors discussed and identified pertinent distraction factors and characteristics from each article to be examined within this paper. The full screening process is visualized in Figure 1.
[image: Figure 1]FIGURE 1 | PRISMA flowchart of article selection.
Outlining the Data
Twenty-three articles that satisfied the inclusion for this review. Data extracted included the following information: population, study design, purpose, distraction modality, distraction characteristics, distraction location, distraction timing, distraction location, target, measurement, and program. If the study did not provide details of distractions used, the authors were contacted via email. Supplementary Tables S1, S2 in the supplementary materials provides a complete overview of all data extracted for this scoping review.
RESULTS
Range, Nature, and Extent of Included Studies
Twenty-three articles met inclusion criteria for this scoping review. Figure 1 provides a flow diagram of the selection process for included articles. The chosen articles included seven clinical populations: TBI (n = 7), ADHD (n = 6), autism spectrum (n = 3), stroke (n = 1), PD (n = 3), fibromyalgia (n = 1), and cognitive decline with aging (n = 2). The most common study design type was a non-randomized clinical control trial (n = 21) followed by a randomized controlled trial (n = 1) and one program description (n = 1). In the non-randomized clinical control trials, clinical populations were compared to healthy controls in conditions with and without distractions. In the randomized control trial participants were assigned to two groups who received traditional and VR based therapy. Table 1 includes a summary of the distraction modality, statistical analysis, and p-values of group performance differences in the presence of distraction for each article. A richer description of distraction characteristics and study outcomes are provided in the subsequent sections of this article. A more comprehensive table of distraction descriptions and additional relevant outcome measures are in Supplementary Tables S1, S2 of the supplementary material. Due to the variability in nature of the included article simulation programs, measurement outcomes, and clinical populations authors were unable to conduct a systematic review. The age ranges from selected articles included elementary school aged children to older adults. Control groups were present in 22 articles. Assessment measures used to examine attention and memory included standardized assessments (CPT, STROOP, WAIS). Additional tasks included cognitive and executive function targets to investigate attention, prospective, working, and long-term memory. Articles featured a range of research disciplines including psychology, neuropsychology, psychiatry, neurology, cognitive neuroscience, neuro-engineering, and computer science. Literature maps of distraction modality and distraction elements are depicted in Figure 2.
TABLE 1 | Between group comparison of performance with distraction present.
[image: Table 1][image: Figure 2]FIGURE 2 | Literature map of distraction display, modality, and additional characteristics across all clinical populations.
Distractions
Distraction Display
The primary methods of display options for distractions were HMDs and computer monitors. Of the included articles head mounted displays (HMDs) were utilized in eight studies (8/23, 35%) (Parsons et al., 2007; Adams et al., 2009; Nolin et al., 2009; Diaz-Orueta et al., 2014; Parsons and Carlew, 2016; Ansado et al., 2018; Ouellet et al., 2018; Yeh et al., 2020). It is important to note that not all clinical populations are good candidates for HMDs due to increased susceptibility to simulator sickness and/or hypersensitivity to audiovisual stimuli. Computer monitor displays were utilized in thirteen studies (13/23, 57%) (Dockree et al., 2004; Knight et al., 2006; Pollak et al., 2009; Potvin et al., 2011; Schnabel and Kydd, 2012; Krch et al., 2013; Faria et al., 2016; Uitvlugt et al., 2016; Remington et al., 2019; Banire et al., 2020; Biss et al., 2020; Park et al., 2020; Pretus et al., 2020). One study (1/23, 4%) utilized a goggle system, the NordicNeuroLab goggle system for the presentation of distraction stimuli (Harrington et al., 2019). One study (1/23, 4%) monitored environmental distractions that naturally occurred in the participants’ environments (Kratz et al., 2019; Kratz et al., 2020). The included studies did not report on distraction caused by external distraction in the testing environment such as auditory or visual stimuli beyond the computer monitor display or outside of the HMD.
Internal Distraction
Baseline measures for internal distractions such as simulator sickness, pain, anxiety, and fatigue were completed for eight articles (7/23, 30%) (Dockree et al., 2004; Harrington et al., 2020; Adams et al., 2009; Potvin et al., 2011; Biss et al., 2020; Kratz et al., 2020; Park et al., 2020). In the Dockree et al. (2004) study statistically significant differences were detected in persons with TBI and healthy controls on the Cognitive Failures Questionnaire (CFQ) (Broadbent et al., 1982) but not on the Hospital Anxiety Depression Scale (HADS) (Zigmond and Snaith, 1983). Biss et al. (2020) measured anxiety and depression utilizing HADS, however differences in scores between aMCI and older healthy controls was not statistically significant. Potvin et al. (2011) measured anxiety by the Beck Anxiety Inventory (BAI) (Beck and Steer, 1993) and depression BDI-II questionnaires (Beck Depression Inventory second edition) (Beck et al., 1996). Results indicated a lack of correlation between outcome measures and questionnaires by persons with TBI, however participant results were associated with their relatives’ perception of their everyday prospective memory functioning. Park et al. (2020) assessed depression by the Japanese version of Geriatric Depression Scale (GDS-S-J) (Yesavage et al., 1986; Sugishita et al., 2009) and results were higher for the PD group than healthy control group however scores did not statistically correlate memory encoding dysfunction. Harrington et al., 2020 measured daytime sleepiness (Epworth Sleepiness Scale) and depression symptoms (Hamilton Depression Scale) at baseline but results did not differ between PD group and healthy controls. Kratz et al. (2020) baseline measures included the Patient-Reported Outcome Measures Information System (PROMIS) Pain intensity 3a Short Form; Patient Health Questionnaire-8 (PHQ-8), PROMIS fatigue item bank. Participants with fibromyalgia reported significantly worse scores on measures of depression, pain, fatigue, and objective cognitive function but differences with healthy controls was not significant (Kratz et al., 2020).
One article displaying simulated environments by HMDs evaluated simulation sickness by the Simulation Sickness Questionnaire (Kennedy et al., 1992; SSQ; Parsons et al., 2007; Adams et al., 2009). Results indicated that ADHD participants reported no or minimal simulator sickness after completed the Virtual Classroom experience.
Auditory Distraction
None (0/23, 0%) of the included articles utilized singular or mixed auditory distractions without the additional presence of visual distraction.
Visual Distraction
Three articles implemented singular static visual distractions (3/23, 13%) (Dockree et al., 2004; Uitvlugt et al., 2016; Remington et al., 2019). Included relevant and irrelevant visual distractions ranged from simple shapes or letters to pictures and videos. Remington et al. (2019) added relevant and irrelevant visual images during a story listening task. During the irrelevant distraction condition, children with autism were able to recall both verbal information as well as the irrelevant information displayed (p > 0.4) (Remington et al., 2019). The results suggest distracting conditions may support more capacity for information processing.
Dockree et al. (2004) included relevant distractions (i.e., numbers) during a go-no-go task. Results indicated that persons with TBI were more susceptible to distraction when a distractor image appeared during a computerized task. Since the TBI group was more susceptible to distraction, their performance resulted in an increased amount of errors as compared to healthy controls (p = 0.026).
Uitvlugt et al. (2016) included relevant visual distractions (two yellow and three red dots) that were related to the assessment task (memorizing dot locations). The aim of Uitvlugt et al. (2016) study was to assess distractibility with persons diagnosed with PD on and off medication. Findings indicated that individuals on medication were more susceptible to distraction (p = 0.009). The “on” medication state enabled participants’ working memory system to update with sensory information including distraction as opposed to the “off” medication state, which did not update the working memory system, thus inhibiting detection of distraction.
Seven articles incorporated multiple visual distractions (7/23, 30%) (Pollak et al., 2009; Faria et al., 2016; Harrington et al., 2020; Banire et al., 2020; Biss et al., 2020; Park et al., 2020; Pretus et al., 2020). Distractions included: hand drawn animation, toys, shapes, words, faces, cars, streets, commercial buildings, and moving cars. Distractions were deemed as “multiple” because they co-occurred with one another.
Time estimation differences were tested between adults with ADHD and healthy controls in the Pretus et al. (2020) study. Irrelevant distraction images of animals were included in the time estimation task. The distractor trial analysis indicated enhanced time estimation performance in the ADHD group (p = 0.032). Additionally, fMRI imaging detected greater superior orbitofrontal activation in the ADHD group, suggesting distractors may recruit attentional resources for focus (Pretus et al., 2020). Pollak et al. (2009) investigated time estimation differences between adults with ADHD and healthy controls. Irrelevant visual distractions incorporated dynamic visual stimuli consisting of videos and hand-drawn animation. Results indicated that adults with ADHD demonstrated greater and more variable deviation in time estimation when distractions were present (p < 0.001). Biss et al. (2020) tested facial and name recall between older adults with mild cognitive impairment and healthy older adults. Distractions included irrelevant non-words, relevant incorrect names, and relevant pictures of faces. The group with mild cognitive impairment recalled significantly fewer names than healthy controls in the presence of distraction (face repetitions p = 0.007, immediate recall p = 0.048, delayed recall p = 0.29) (Biss et al., 2020).
Banire et al. (2020) included relevant visual distractions in a classroom setting and utilized eye tracking to measure eye fixation during the CPT between children with autism and healthy controls. Findings indicated that significant differences were detected in CPT scores and sum of fixation count between experimental groups (p < 0.05). Statistical differences were not detected between CPT scores and average fixation time, but the scores were correlated (Banire et al., 2020).
Faria et al. (2016) investigated differences between individuals with post stroke conditions receiving traditional therapy and individuals post stroke receiving therapy via the Rehab@City program. During the Rehab@City program participants with post stroke conditions virtually entered stores and completed cognitive and executive functioning tasks. When participants transitioned to a different store, relevant video distractions of people were played. Neuropsychological assessments included the Addenbrooke Cognitive Examination (ACE) (Mioshi et al., 2006) to assess global cognition, Trail Making Test A and B (TMT A and B) (Rietan, 1958) to assess attention and executive functioning, Picture Arrangement test from the Wechsler Adult Intelligence Scale III (WAIS III) (Ryan et al., 2001) to assess executive functions. Between group analysis revealed that the experimental group improved in global cognition (p = 0.014), attention (p = 0.018), memory (p = 0.018) and executive function (p = 0.026) as compared to the control group.
Harrington’s et al. (2019) study integrated relevant distractions of filled and unfilled shapes that were presented during a visuospatial working memory task for persons with PD and healthy controls. Distractions included varying colors, shapes, and sizes of boxes of all shapes. Working memory scores fell within the normal range for PD group, however fMRI images indicated that connectivity differences were detected (p < 0.01) (Harrington et al., 2019). In a long-term memory study Park et al. (2020) analyzed persons with PD’s ability to encode faces based on semantic, attractiveness, and form judgments. Relevant visual distractions included unfamiliar faces. Frontal lobe function and long-term memory was correlated with retrial of faces based on semantics and attractiveness. The healthy control group retrieved more faces encoded by semantic and attractiveness judgements as compared to the PD group (p < 0.01) (Park et al., 2020).
Audiovisual Distraction
Thirteen articles combined both auditory and visual distractions for attention and memory assessment (13/23, 57%) (Knight et al., 2006; Parsons et al., 2007; Adams et al., 2009; Nolin et al., 2009; Potvin et al., 2011; Schnabel and Kydd, 2012; Krch et al., 2013; Díaz-Orueta et al., 2014; Parsons and Carlew, 2016; Ansado et al., 2018; Ouellet et al., 2018; Kratz et al., 2020; Yeh et al., 2020). Auditory distractions included background music, broadcasted news, chatter, cars, horns, pencils dropping, and bells from a cash register. Visual distractions were comprised of shops, people, videos, photos, and advertising. Distraction locations ranged from stationary to moving in multiple locations. Simulated environments included a classroom, post office, supermarket, bank, pharmacy, and office.
The Virtual Street program by Knight et al. (2006) studied prospective memory performance in the presence of “low; and “high” areas of relevant and irrelevant distractions for persons with TBI. Low areas of distraction contained only sounds of footsteps and traffic noise while images were static. High areas of distraction included videos of actors creating the scene of a busy street, also sounds louder and included car horns, radio news, rock/rap music, and weather broadcasts. Results indicated that deficits were not necessarily due to an inability to complete prospective memory tasks. However, errors or delays in task completion were a direct consequence of distraction (p < 0.05). The TEMP program also assessed prospective memory performance during relevant and irrelevant distraction for persons with TBI (Potvin et al., 2011). The TEMP program plays a movie featuring driving to various shops within the community while completing prospective memory tasks (time and event-based conditions). A ceiling effect occurred for the healthy control group for event-based and time-based recall conditions. A statistically significant conditions scoring a 90% or more of the delayed intentions at the correct time. 21 participants in the TBI group detected 90% or more prospective cues and nine participants in the TBI group detected less than 80% of the prospective cues (seven who did not detect any). Statistically significances between groups also occurred for event-based task detection (p = 0.02) and deviation from the target time (p < 0.05). effect occurred for group (p < 0.05), and condition (p < 0.05) for actions correctly retrieved (Potvin et al., 2011). Krch et al. (2013) created the Assessim Office to assess executive function in persons with TBI and multiple sclerosis (MS) in an office setting with relevant and irrelevant distractions. The Assessim Office was able to distinguish between persons with TBI, MS, and healthy controls in the areas of selective and divided attention, problem solving, and prospective memory. Statistically significant differences were found between TBI and healthy control groups for correct real estate decisions (p = 0.007), and printing real estate offers (p = 0.011). Statistically significant differences were also detected between the MS group and healthy controls for correct real estate decisions (p = 0.030) and turning the projector light on (p = 0.010) (Krch et al., 2013). Schnabel and Kydd (2012) studied attention, working, and logical memory in persons with TBI and depression in the presence of irrelevant audiovisual distractions using the Assessim Office. The TBI group demonstrated a significant decline in scores during the distraction condition while performing the WAIS-IV DSF, WAIS-IV DST, and WMS-IV LM as compared to the healthy control group (p < 0.001). Interestingly, participants who were diagnosed with depression showed improvement during the distraction condition but also reported an increase in stress to an “unbearable” level (Schnabel and Kydd, 2012).
Ouellet et al. (2018) aimed to develop an ecologically valid VR environment and scenario that measured everyday memory in older adults (Virtual Shop). Participants completed a shopping task in the presence of irrelevant ambient noise and relevant visual distractions in the same semantic category. Groups were statistically different for less correct responses, response initiation for first selection, and time required for task completion (p < 0.05) (Ouellet et al., 2018).
The Virtual Classroom incorporated relevant and irrelevant audiovisual distractions including background chatter, environmental noises, new people entering the classroom, and various objects moving during the CPT. Six of the included articles utilized the Virtual Classroom for assessment purposes (Parsons et al., 2007; Adams et al., 2009; Nolin et al., 2009; Díaz-Orueta et al., 2014; Parsons and Carlew, 2016; Yeh et al., 2020). Results indicated that the Virtual Classroom was sensitive to detecting differences between students with ADHD, autism, TBI, and healthy controls.
Kratz et al. (2020) focused on “fibrofog” due to Fibromyalgia (FM), using a smart phone and wrist-watch accelerometer. Across eight days participants reported perceived cognitive function and environmental distraction five times per day and completed tests of processing speed and working memory. Statistically significant differences were detected between groups for distractions present during cognitive tasks (p < 0.001), number of distractions (p < 0.001), and physical location (p = 0.02). The FM group had a significantly higher reporting of distraction during cognitive tests and reported multiple simultaneous distractions. Yet, interactions between groups for subjective and objective measures of cognitive function were not significant (p > 0.70). Both groups reported auditory distractions as the most common cause of distraction (Kratz et al., 2020). However, the FM group reported more distractibility in their home environment as opposed to outdoors. This finding suggests that individuals with FM will perceive more stimuli because of perceptual amplification and hypersensitivity of (internal and external) distraction (McDermid et al., 1996).
Additional Characteristics of Distraction: Location, Timing, and Intensity
In addition to reporting distraction modalities and relevancy, data from additional elements of distraction was extracted. Additional elements of distraction include distraction location, timing, and intensity. Eighteen articles (18/23, 78%) incorporated distractions in multiple locations (Dockree et al., 2004; Knight et al., 2006; Parsons et al., 2007; Adams et al., 2009; Nolin et al., 2009; Pollak et al., 2009; Potvin et al., 2011; Krch et al., 2013; Díaz-Orueta et al., 2014; Faria et al., 2016; Parsons and Carlew, 2016; Uitvlugt et al., 2016; Ansado et al., 2018; Ouellet et al., 2018; Harrington et al., 2019; Banire et al., 2020; Kratz et al., 2020; Yeh et al., 2020). Primary locations included: right-front, left-front, center-front, and behind-right, behind-left, and behind-center. Five articles (5/23, 22%) utilized singular locations (Schnabel et al., 2012; Biss et al., 2020; Park et al., 2020; Pretus et al., 2020; Remmington et al., 2020). Since the target measures of the included studies were attention and memory the impact of distraction location was not measured specifically for except for Banire et al. (2020). Results indicated that children with ASD demonstrated more interest in irrelevant areas of interest which contributed to their distractibility and CPT scores.
Seven articles (7/23, 30%) included distractions at random intervals (Parsons et al., 2007; Díaz-Orueta et al., 2014; Parsons and Carlew, 2016; Uitvlugt et al., 2016; Biss et al., 2020; Kratz et al., 2020; Park et al., 2020), six (6/23, 26%) included distractions at specific intervals (Dockree et al., 2004; Pollak et al., 2009; Harrington et al., 2019; Remmington et al., 2019; Pretus et al., 2020; Yeh et al., 2020), and four (4/23, 17%) included distractions continuously (Potvin et al., 2011; Schnabel and Kydd, 2012; Ouellet et al., 2018; Banire et al., 2020). Seven articles (7/23, 30%) did not specifically report on the timing of distractions within their programs. Since the target measures of the included studies were attention and memory the impact of distraction timing was not measured.
Sixteen articles (16/23, 70%) identified or included information about distraction intensities (Adams et al., 2009; Ansado et al., 2018; Banire et al., 2020; Dockree et al., 2004; Faria et al., 2016; Harrington et al., 2019; Knight et al., 2006; Krch et al., 2013; Ouellet et al., 2018; Park et al., 2020; Parsons et al., 2007; Parsons et al., 2016; Potvin et al., 2011; Remington, 2019; Schnabel et al., 2012; Yeh et al., 2020. Although these articles did not define distraction intensity, variables emerged that could impact the level of distraction difficulty. Intensity variables included: predictability, threat, loudness, color, contrast, and the amount of distraction present at once.
Distraction Intent
Studies by Pretus et al. (2020) and Remmington et al. (2019) indicate that the presence of distraction may recruit more attentional resources in order to increase focus on the assigned task. Harrington et al. (2019) study indicated an increase in brain activation during the encoding (superior parietal, precuneus, occipital cortices, cerebellum, middle frontal gyrus, posterior parahippocampal cortex, putamen, globus pallidus) and retrieval (superior parietal cortex and precuneus) of information in the presence of distraction. Harrington’s findings suggest that more effort is required when distractions are present, thus recruiting more attentional resources and that distractions disrupt the encoding and retrieval of information. However, these results do not indicate if an increase in attentional resources due to distractions elicit a negative impact on performance task or enhancement of task performance. Current literature does not come to a singular conclusion or consensus on the impact of distraction. After analyzing the data, the authors propose that distraction can serve two different purposes. Distraction can be the following:
1. Any stimuli of any sensory modality that disrupts the encoding, storage, retrieval, and inhibition for task completion. Stimuli can either be auditory, visual, and/or internal.
2. Any stimuli of any sensory modality that enhances task performance by increasing attentional focus and decreasing internal states (i.e., mind wandering).
Tasks
Articles included in this scoping review primarily focused on the specificity of the program for assessment purposes. During data synthesis CPT, and prospective/working memory tasks emerged as the primary assessments that were used in the presence of distraction on 14 articles (14/23, 57%) (CPT) (Adams et al., 2009; Banire et al., 2020; Diaz-Orueta et al., 2014; Nolin et al., 2009; Parsons et al., 2007; Yeh et al., 2020) (prospective/memory) (Knight et al., 2006; Pollak et al., 2009; Potvin et al., 2011; Krch et al., 2013; Uitvlugt et al., 2016; Ansado et al., 2018; Ouellet et al., 2018; Harrington et al., 2019). Additional measures included: WAIS on two articles (2/23, 7%) (Schnabel et al., 2012; Faria et al., 2016), STROOP task on one article (1/23, 4%) (Parsons et al., 2016), immediate and delayed recall on one article (1/23, 4%) (Biss et al., 2020), delayed recall on two articles (2/23, 7%) (Remington et al., 2019; Park et al., 2020) dot task and symbol search (Kratz et al., 2020), time estimation (Pretus et al., 2020), and attention (go/no go) on one article (1/23, 4%) (Dockree et al., 2004).
DISCUSSION
This scoping review is the first of its kind to describe the implementation of distractions in computer-assisted assessment of attention and memory. Twenty-three articles met inclusion criteria and were analyzed. Articles included clinical populations of TBI, ADHD, autism spectrum, stroke, PD, fibromyalgia, and cognitive decline with aging. The selection of distraction display options was based on characteristics of the clinical population being assessed. For example, Banire et al. (2020) utilized a desktop display because HMDs may induce dizziness or other sensations for clinical populations with Autism (Bellani et al., 2011). Primary measures of attention and memory in the presence of distraction included: CPT, STROOP, WAIS and measures targeting immediate, delayed, and working memory. The included articles did not include a standardized approach to the introduction of distractor elements. Distractions primarily included auditory and visual stimuli however, we found three supplementary elements that also contribute to the distraction identification, 1) distraction location, 2) distraction intensity, and 3) distraction timing. Measurements of performance in the presence of distraction included body movement, omission, commission, and timing errors, vigilance, time and event-based memory, immediate and long-term memory. Tasks included the CPT, STROOP, WAIS, face/name recall, dot memory, symbol search, go/no go, story recall, time estimation, and selecting objects in a store. Although measures distinguished differences in performance between healthy groups and clinical populations more research is needed to create measures to aid in making predictions of everyday behavior. For example, a task that is matched to the simulated environment that includes common distractions may be more difficult as compared to a task that is far removed from the environmental context.
Included articles baseline measures targeted internal distractions such as pain, fatigue, and anxiety that commonly occur in PAMDs (Moore et al., 2009; Sciberras et al., 2014). Although there is mixed evidence on the impact of anxiety and cognition, there are studies that have demonstrated a reliable relationship between anxiety and interference from distractors in search tasks (Bar-Haim et al., 2007; Moser et al., 2013). However only one article investigated internal distraction (anxiety) and its impact on memory encoding and did not discover a correlation. Since internal distraction, including simulation sickness can significantly impact attention, studies could include measures pre, during, and post simulation to correlate with attention and memory measures.
Programming Recommendations
The relationship between task demands and type, intensity, and amount of distraction may play a large role in eliciting cognitive targets to reflect everyday functioning. Without intentional measurement and dosing of all three components it is questionable if the implemented distractions are truly eliciting everyday function. Dosing distractions should be considered in relation to the simulated environment and task demands. Task demands should be considered in conjunction with distraction modality and intensity. If a task is too difficult or too easy the distraction may not serve its intended purpose. Similarly, if the distraction is too distracting or not distracting enough, ceiling or flooring effects can occur.
Although many of the included articles utilized baseline anxiety, depression, or pain measures prior to simulation experiences, these measures could be given after the simulation. Qualitative measures could provide insights into distraction experiences as well as recording unanticipated internal distractions within target environments. Implementing pre- and post-qualitative measures could be beneficial for improving the sense of presence within simulated environments. Measures also including simulation sickness, fit of the HMD, distractions beyond the computer monitor display, or outside of the HMD (experimenters voice) could improve user experiences and simulation methodology.
The majority of simulated environments included elementary classrooms or shopping settings. Since PAMDs come from different socioeconomic, racial, and cultural backgrounds, computer-assisted assessment should include diverse environments and contexts. PAMDs struggle with managing distractions in environments such as social, vocational, medical, and housing scenarios that have a distinct subset of rules and tasks to follow. When distractions disrupt inhibition and recall of rules/tasks, PAMDs are at risk for being mislabeled as non-compliant and are therefore not allowed to continue participation. This may be particularly useful for clinical populations that think concretely or have difficulty manipulating strategies across environments and contexts.
Studies included in this scoping review primarily studied PAMDs’ assessment outcomes in the presence of distraction. However, training programs are also needed in order to make inferences about everyday function. Training programs could aid in the education, practice, and generalization of recommended strategies to everyday contexts. Clinicians would also be equipped to observe patients’ use of recommended strategies in a simulated everyday environment. Observational assessment could enable clinicians to adjust strategies to be individualized to their patients’ performance across different environments and contexts. Computer-assisted training programs would allow training and practice of strategies in low consequence environments (i.e., clinic). Adaptive programs that increase or decrease the difficulty level (i.e., distraction intensity) based on performance could also aid in patient assessment and training. Since rehabilitation has shifted to include more technology-based applications, adaptive programs would help in participant engagement and motivation.
Measurement Recommendations
In addition to standardized measures, researchers should select cognitive and executive functioning targets/measures in conjunction with everyday tasks. Many standardized neuropsychological assessments can detect if an impairment is present and distinguish between disordered and healthy populations. Still, identifying distraction characteristics that impact attention would enable researchers to systematically increase the degree or level of distraction to reflect what PAMDs encounter daily. The systematic implementation of real-world distractions in these assessments has the potential to improve ecological validity, and therefore greater predictive validity than traditional pen-and-paper tasks. Therefore, tasks assigned in simulations should mimic everyday tasks in the presence of distraction to predict real-life functioning. Since variation in performance occurs for PAMDs across contexts, tasks, and environments all three variables should be chosen carefully.
Internal distraction is an underrepresented modality of distraction that holds key information for assessment and rehabilitative purposes. It is reasonable to assume that internal distractions can be continuous, discontinuous, or randomized while co-occurring with other modalities of distraction. Breakdowns in attention more than likely occur when internal distraction floods attentional allocation systems. Until the internal distraction is resolved it could overpower the attentional allocation system for an extended period of time. Researchers could include measurements of internal distraction (i.e., surveys, questionnaires, and interviews) before, during, and after simulation. Although the literature is mixed on the impact of internal distraction, dosing of the internal element could be a critical barrier (Davidson et al., 1990; Garrett and Maddock, 2001; Gross, 1998) to understanding attention. Also, investigating internal distraction could uncover hidden attentional biases that do not overtly present themselves. The degree of how internal distractions impact life domains for clinical populations is not yet known. Internal states such as PTSD, OCD, anxiety, depression, pain, and fatigue commonly occur in both healthy and clinical populations. Also, measuring unintentional distraction such as motion or simulator sickness would be beneficial in assessing the sense of presence within a VR program. Measuring internal states will have a twofold benefit, first, it would provide a measurement of a variable that cannot be easily seen/observed. Secondly, comparing pre- and post-measurements of internal states could provide insight into variability with task performance.
Results from this scoping review indicate that distractions can enhance or disrupt task performance. Therefore, this surprising discovery should be explored further. The included articles did not identify which characteristics of distraction enhanced task performance. However, promising research for PD populations are demonstrating a lack of strategies based on distraction characteristics such as semantic and attractiveness features (Park et al., 2020). Task enhancement distraction research would be beneficial to both healthy and clinical populations to identify environmental accommodations for optimal attentional capacity. For clinical populations, such as autism spectrum disorder and ADHD, background distractions actually enhanced attentional capacity (Remington et al., 2019; Pretus et al., 2020). Enhanced attention capacity occurred due to the increased amount of attentional resources when distractions were present as compared to distraction-free environments that promoted “mind wandering” (i.e., internal distraction). However, ceiling effects occurred for both experimental groups during the Remington et al. (2019) study, which suggests dosing parameters for distractions are needed to test attentional capacity thresholds.
Limitations
This scoping review has several limitations. First, there is a risk of publication bias for studies that were not published due to positive or no effect from distraction. Unpublished studies may have had an unanticipated enhancement of task performance or no effect at all. However, authors did not find data from any unpublished articles to be included in this review. Second, since computer-assisted assessment studies are relatively new, articles may have been published after the search dates for this article. Third, this article focuses on programs for clinical populations where there is inherent variability in the outcomes. Knowing that clinical populations vary in diagnosis, severity, and outcomes an overall effect size is not feasible to calculate. Finally, the search of databases was based on a predefined set of search terms. The search strategy adheres to established methodologies and procedures for the scoping review process. However, terminology within computer-assisted assessment research has varied across the past thirty years, future reviews could consider including the following search terms: mixed-reality, user-computer interface, computerized models, and computer-assisted instruction.
CONCLUSION
Computer-assisted assessments for attention and memory simulating everyday environments are becoming more commonplace. However, this review demonstrates that additional focus is needed to measure, and dose everyday distractions. Authors developed recommendations for both measurement and programming. Identification of distraction elements is a promising first step in the process of developing computer-assisted programs that elicit everyday functioning. Also, identification of dosing parameters for specific clinical populations is needed. The information from this scoping review supports prior findings that computer simulation can be an effective tool for the assessment and rehabilitation of clinical populations (Rizzo et al., 1997; Schultheis et al., 2002; Rose et al., 2005). It also supports the possibility to systematically present cognitive tasks that span beyond what is offered by traditional standardized measures (Lengenfelder et al., 2002; Barkley, 2004; Rose et al., 2005; Clancy et al., 2006). Since literature that combines both simulations and distraction is scarce, there are still several unanswered questions remaining specifically for distractions that enhance performance. Also, for examining how modalities, intensities, locations, and timing of distractions impact task performance for both PAMDs and healthy populations.
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