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Abstract 

This study investigated how the characteristics of the visual surrounding environment 

influence older and young adults’ cognitive performance. Sixty-four older adults and 64 

young adults performed four visual cognitive tasks (attention and memory tasks) in two 

independent sessions while being exposed to a high-load and a low-load visual 

surrounding environment. Considering the difficulties that older adults often have in 

ignoring irrelevant stimuli, we expected their performance to be poorer when exposed to 

the high-load as compared to the low-load environment. On the other hand, young-adults’ 

performance, whose cognitive abilities are at their best, should be less susceptible to be 

influenced by this manipulation. Overall, our results were consistent with our prediction 

in three of the tasks (go/no-go, choice reaction time, and Corsi block-tapping). 

Additionally, the older adults performed worse than the young adults in all tasks, thus 

confirming expected age-related differences. Our results suggest that the difficulties 

displayed by the older adults in ignoring distractors when targets and distractors are in 

the same display (as revealed by the typical procedure) expand to paradigms in which the 

distractors are present in the surrounding environment.  

 

Keywords: visual surrounding environment, older adults, young adults, attention, 

memory 

 

Introduction 

In our surrounding environment some visual stimuli are relevant to the task-at-hand 

(i.e., target information), whereas others are irrelevant information (i.e., distractors) 

(Forster & Lavie, 2011; Gilbert & Li, 2013). Some authors define distractors as the 

stimuli present at a given moment that are not directly related to the task-at-hand (non-

target information). Distractors usually compete with target information and individuals 

should ignore them to successfully perform the task of interest (Gilbert & Li, 2013). The 

study of visual distraction in different age groups, particularly in older and young adults, 

has revealed that the capacity to ignore visual distractors is not the same across the 

lifespan (Gazzaley et al., 2008; Lavie, 2010). Specifically, older adults are more 

susceptible to process distractor stimuli when compared with young adults (e.g., Wais & 

Gazzaley, 2014), as we detail below.  
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Humans perceive environmental stimuli through a dynamic interaction between two 

neurocognitive mechanisms: bottom-up and top-down. In the first, processing of stimuli 

is mostly determined by their perceptive characteristics (e.g., novelty and salience), 

whereas in the top-down attention is directed to specific stimuli according to the goals of 

the ongoing task. A series of executive processes modulated by top-down control, such 

as selective attention, working memory, and inhibition, allows one to focus attention on 

the stimuli of interest while inhibiting distractors from entering such focus (e.g., Gazzaley 

& Nobre, 2012). In normal aging, executive processes tend to be less effective due to 

deterioration of the frontal lobes (e.g., Gazzeley & Nobre, 2012; Reuter-Lorenz, Festini, 

& Jantz, 2016). Consequently, the ability to inhibit irrelevant information and working 

memory capacity are less efficient, resulting in greater distractibility – the inhibitory 

deficit hypothesis (Gazzeley & Nobre, 2012; Hasher & Zacks, 1988). This hypothesis has 

been corroborated by several neurophysiological and behavioral studies (e.g., Brown, 

2016; Gazzaley & D'Esposito, 2007; Gazzaley & Nobre, 2012). In this type of studies, 

targets and distractors are frequently presented in the same display, usually on a computer 

screen (e.g., Wais & Gazzaley, 2014). For example, several faces and scenes are randomly 

and singly presented on the screen, and participants are instructed to ignore the faces and 

memorize the scenes (or vice-versa); this ongoing working memory task requires the 

selection of the targets among distractors. Overall, results have shown that older adults’ 

performance is worse when compared with young adults, particularly in demanding tasks 

containing irrelevant information that needs to be inhibited (e.g., Gazzaley & D'Esposito, 

2007; Wais & Gazzaley, 2014). Such a result is usually related to the fact that the older 

adults’ top-down control of the attentional and working memory processes is in decline 

contrasting with the young adults’ performance whose cognitive functions are at their 

highest; thus, the ability of older adults to maintain the goals of a given task in an “online 

mode” while inhibiting distractors is impaired, resulting in poorer cognitive performance. 

This is the paradigm that underlies the inhibitory deficit hypothesis (Gazzaley & Nobre, 

2012; Wais & Gazzaley, 2014). 

The Load Theory of Attention, one of the most well-known theories in the study of 

selective attention (Lavie et al., 2004), also relates to how people perform in the presence 

of distractors. In a typical experimental procedure, a target letter has to be detected among 

distractor letters while both are presented on a computer screen (e.g., Lavie, 2010). This 

theory defends that the capacity to ignore distractors is related to the level of perceptual 
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load present in a given task. In particular, the distractors’ interference is greater in 

conditions in which targets and distractors are dissimilar than in conditions in which they 

are similar (Forster & Lavie, 2011; Lavie et al., 2004). When dissimilar targets and 

distractors are presented, distractors are more likely to be processed, thus affecting 

cognitive performance, mostly because the cognitive control processes do not allow their 

effective rejection. 

The extensive use of pure laboratory procedures has been crucial in experimental 

cognitive psychology and has allowed researchers to point out practical implications for 

the daily life of several age groups (e.g., Lavie, 2010). However, in everyday life, most 

visual distractors are embedded in the surrounding environment, and research has not yet 

systematically explored the potential impact of environmental distraction in cognitive 

performance, as measured by cognitive tasks. In other words, little is known about the 

capacity to ignore distractors in contexts that mimic real life more closely, as stressed by 

several authors (e.g., Choi, van Merriënboer, & Paas, 2014; Gifford, 2007).  

The influence of several environmental variables (e.g., color, luminosity, the 

presence or absence of links with nature) has been investigated in different settings, such 

as in learning, clinical, organizational and forensic settings (Barrett, Davies, Zhang, & 

Barrett, 2016; Barry, 2008; Devlin & Andrade, 2017; Mastroberardino & Vredeveldt, 

2014). However, the potential impact of environmental distractors in cognitive processes 

that underlie many other complex processes is still poorly understood. A study by Fisher, 

Godwin, and Seltman (2014) provides an exception. In a within-subject design, twenty-

four children (Mage = 5.37 years) participated in several lessons over two weeks. Half of 

the lessons occurred in a decorated classroom (containing visual elements typically found 

in schools, such as posters, maps and drawings), whereas the remaining lessons happened 

in a non-decorated classroom (a room without such visual elements). The order of the 

environmental manipulation alternated among lessons, with the first always occurring in 

the non-decorated classroom. The authors found that learning (as evaluated by tests on 

the contents covered throughout the classes) was poorer, that children were more 

distracted by the visual environment and that they spent more time off-task (as evaluated 

by video-recordings), when the classes occurred in the decorated classroom, when 

compared to the classes occurred in the non-decorated classroom. Rodrigues and 

Pandeirada (2015) also presented a study in which older adults (Mage = 72.98 years) 

performed cognitive tasks (e.g., simple reaction time and digit span) in two different 

visual surrounding environments separated by an interval of 14-21 days (within-subject 
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design). Importantly, in one of these conditions, the cognitive tasks were performed in a 

high-load visual environment containing potentially distracting visual elements in the 

wall that participants were facing while performing the tasks (e.g., posters and paintings), 

while, in the other (low-load visual environment), such distracting visual elements were 

absent. The order of the environmental manipulation, as well as of the cognitive tasks, 

was counterbalanced across participants. Overall, participants performed better in the 

distractors-absent than in the distractors-present condition, particularly in the visual 

attentional tasks. 

The present study aimed to further investigate if the presence of visual elements in 

the surrounding environment (using an alternative manipulation procedure) influences 

performance on a different group of cognitive tasks and in two age groups. It presents 

two new insights when compared with the previous study of Rodrigues and Pandeirada 

(2015). Firstly, all of the current tasks had a visual nature (i.e., go/no-go, choice reaction 

time, Corsi block-tapping, and Rey Complex Figure), whereas in the previous study some 

tasks were visual (attention tasks) and the remaining were verbal (memory tasks); the 

go/no-go task (with some procedural differences) was used again for the sake of 

replicability of the results reported previously. This set of cognitive tasks increases the 

potential generalization of our findings as they address new processes, such as cognitive 

speed that involves choice (measured in the choice reaction time task) and visual working 

memory (assessed in the Corsi block-tapping and Rey Complex Figure). The results will 

allow us to explore if the difficulties previously reported likely imposed by the external 

environment in the older adults’ performance extend to all of these new other tasks that 

(in spite of their particularities) have a common ground—they all recruit executive 

functions, or if they were specific to the tasks used in that study. If they do generalize, the 

results could support the inhibitory deficit hypothesis presented above. Indeed, the 

literature suggests that two of the employed tasks directly assess executive functions 

(go/no-go: inhibition; Corsi block-tapping: working memory), whereas the choice 

reaction time task provides an indirect measure (processing speed); finally, the Rey 

Complex Figure assesses executive functions (e.g., working memory and attentional 

control), as well as other cognitive functions (e.g., visuospatial abilities) (e.g., Diamond, 

2013; Rey, 1988). Furthermore, the now employed tasks assess cognitive skills that are 

commonly used (sometimes simultaneously) in daily tasks; for example, both inhibition 

of distractor stimuli and working memory for visual information are required while 
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driving a car (e.g., Mäntylä, Karlsson, & Marklund, 2009). Secondly, this study used a 

cross-sectional procedure by testing two age groups of participants that are typically 

compared in this type of studies (e.g., Feng et al., 2017): older adults and young adults. 

The consideration of young adults as the comparison group allowed us to confirm that 

our tasks were sensitive to the age differences in cognitive performance typically reported 

between these age groups (Craik & Bialystok, 2006; Hartshorne & Germine, 2015). Also, 

we have different predictions for the effect of the environment in each group. According 

to the aforementioned decline of executive functions in older adults (Craik & Bialystok, 

2006), we predicted that the older adults would perform worse in all tasks, when 

compared to the young adults. Furthermore, such decline should also manifest in 

difficulties to ignore distracting information, leading to the prediction that their 

performance would be poorer when tasks were performed in the high-load, as compared 

to when they are responded to in the low-load environment. On the other hand, such 

environment effect is unlikely to be obtained in the young adults whose cognitive abilities 

(including the ability to ignore distractors) are at their best level. The procedure included 

the participation of each person in two sessions in which they performed two visual 

attention (go/no-go and choice reaction time) and two memory tasks (Corsi block-tapping 

and Rey Complex Figure)1. These tasks were chosen as they are relatively simple tasks, 

easy to implement in the two age groups, they are deprived of educational-dependent 

content (an aspect particularly relevant to the older group, who had a very low educational 

level), besides being frequently used in studies that compare performance between these 

age groups; these tasks involve (as mentioned before) executive functioning, which could 

be influenced by the presence of “distractors”. Importantly, one of the sessions occurred 

in a high-load and the other in a low-load visual surrounding environment.  

 

Method 

Participants 

Our sample included 128 participants: 64 older adults aged 65-94 years (40 female; 

Mage = 79.75, SD = 8.06), and 64 young adults aged 18-29 years (49 female; Mage = 21.53, 

SD = 3.21). All participants included in the final sample were cognitively healthy and did 

not reveal visual problems (see the exclusion criteria in Supplemental Material [SM]-1). 

                                                           
1 In spite of the differences between tasks already noted, we opted to present all cognitive tasks simply as 
visual tasks, given that they all are of visual nature. 
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About 58% of the older adults had less than four years of schooling, 34% had four years, 

5% had five or six years, and 3% had seven or more years of schooling; they were 

recruited from local daycare centers (in these centers, individuals have a relatively 

independent lifestyle). Most of the young adults had 12 years of schooling (63%), 29% 

had a higher education level, and 8% had seven to nine years of schooling; they were 

recruited from academic and local communities. Participants were offered a book for their 

participation. Informed consent was obtained before participation and participants were 

debriefed at the end. 

 

Materials 

Personal information questionnaire. This questionnaire included 

sociodemographic questions, such as age, sex and health condition. This instrument was 

used to characterize the sample, as well as to provide information about the 

inclusion/exclusion criteria described in SM-1. 

 

Attention tasks. The attentional tasks were visual and included the go/no-go and 

the choice reaction time tasks; these were programmed and ran using the software E-

Prime 2.0 (Schneider, Eschman, & Zuccolotto, 2002).  

 

Go/no-go task. Two different letters - X or K - were randomly and singly presented 

on the computer screen for a maximum of 600 ms; this was also the maximum time 

allowed for participants to provide their responses. Participants were instructed to respond 

as quickly and accurately as possible by selecting the “white” keyboard key when the X 

was presented (go stimulus) and not to respond when the K was presented (no-go 

stimulus). The go (X) stimulus appeared in approximately 66% of the trials and the no-go 

(K) in 33%. A white sticker was placed on the “space” bar of the computer keyboard; this 

corresponded to the “white” keyboard key. Trials began with a pre-fixation cross (500 

ms) followed by the letter (for a maximum period of 600 ms) at one of four variable inter-

trial intervals (500, 1000, 1500 or 2000 ms). The background of the computer screen was 

white, whereas the stimuli were in black. After 12 initial training trials, participants 

responded to 140 experimental trials. For a schematic illustration, see Figure 1(a).  
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When participants pressed the “white” keyboard key to the go stimuli, hits were 

recorded. False alarms occurred when participants pressed this key in response to the 

presentation of the no-go stimuli. Reaction times refer to the time occurring between the 

go stimulus presentation and the participant’s correct response. This task and dependent 

variable definitions are similar to the ones reported in several studies (e.g., Hirose et al., 

2012; Steele et al., 2013). 

Choice reaction time task. A green or a red rectangle was randomly and singly 

presented on the computer screen for a maximum of 600 ms; this was also the maximum 

time allowed for participants to provide their responses. Each stimulus was preceded by 

a pre-fixation cross (500 ms) and followed by one of four randomly picked inter-trial 

intervals (1000, 1500, 2000 or 2500 ms). Half of the rectangles were green and the 

remaining were red. Participants were instructed to respond as quickly and correctly as 

possible to each presented color by selecting the key on the keyboard marked with the 

corresponding color. A green sticker was placed on top of the “P” keyboard key and a red 

sticker was placed on top of the “Q” keyboard key. Participants initially responded to 12 

practice trials for familiarization with the task, and then they performed 140 experimental 

trials. For a schematic illustration, see Figure 1(b). 

The choice reaction time task generated correct responses when the corresponding 

key was selected, and errors when the opposite occurred. Response times corresponded 

to the time occurring between the stimuli presentation and the participant’s correct 

response. This task and definitions are similar to the ones reported by Kawashima et al. 

(1996).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Schematic illustrations of the (a) go/no-go task and (b) choice reaction time task (for illustration 

purposes, the first rectangle in (b) would be of red color and the second of green color). 
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Memory tasks. The memory tasks included a computerized version of the Corsi 

block-tapping (Mueller, 2012), and the copy and the immediate recall of the Rey Complex 

Figure; the latter was administered in its traditional paper-and-pencil format (Rey, 1988). 

These memory tasks are of visual nature, although other cognitive processes are involved 

in the Rey Figure task (e.g., visuospatial skills and orientation) and in the Corsi task (e.g., 

spatial memory). 

 

Corsi block-tapping. In the computerized version used in this research study 

(Mueller, 2012), nine blue squares were presented on a white screen background. On each 

trial, a given number of squares lit up (in yellow), one per second, producing a specific 

sequence. Participants were instructed to reproduce the sequence by clicking on the 

squares in the same order they had lit up - forward span. The extension of the sequence 

increased as the task progressed with two trials presented for each extension. The 

considered dependent variable was the Corsi span, which corresponds to the highest 

extension correctly reproduced by the participant (maximum of nine points). 

 

Rey Complex Figure. We applied the copy and immediate recall administrations of 

the Rey Complex Figure (Rey, 1988). In the copy administration, participants were 

instructed to copy the Rey Figure while seeing the figure-stimulus. In the immediate 

recall, three minutes after finishing the copy, participants reproduced the Rey Complex 

Figure in the absence of the figure-stimulus. Both administrations were performed 

without any time limit, and participants were instructed to draw the figure as closely as 

possible to the original. Performance was scored according to the original instructions of 

the task (Rey, 1988). 

 

Visual surrounding environments. Two visual environmental conditions created 

by the authors were used. The high-load visual surrounding environment consisted of a 

stand containing several visual elements, whereas the low-load visual condition consisted 

of the same stand without any visual elements (see Figure 2)2.  

                                                           
2 It should be noted that the designation of the two conditions here used serves the purpose of differentiating 
the two environments; we did not, objectively, assess their visual load, a concept that has been difficult to 
quantify (e.g., Murphy & Greene, 2016). 
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In both cases, the stand was always placed on the top of the table where the 

participant would be performing the tasks, producing a controlled surrounding 

environment. Therefore, while performing the tasks, participants were always facing the 

platform. Materials used in the high-load visual surrounding environment were selected 

from a pilot-study described in detail in SM-2. Briefly, this pilot-study allowed us to 

select a set of visual stimuli considered to be appealing by the age groups of participants 

under study in an effort to maximize their distracting potential.  

 
Figure 2: Illustration of the visual surrounding environments: (a) Low-load visual surrounding 

environment used in both age groups; (b) High-load visual surrounding environment used with the older 

adults; (c) High-load visual surrounding environment used with the young adults. 

Procedure 

Data were collected individually. At the beginning of the first session, an initial 

screening and stimuli recognition task was conducted: each participant was presented 

several colors and the letters X and K in paper sheets, and participants were instructed to 

simply name each stimulus. These tasks allowed us to screen for visual difficulties or 

color identification problems (one older adult did not identify at least one of these stimuli 

and was, thus, excluded from the reported data; see SM-1). Then, each participant 

performed two sessions, one in each environment, with an interval of 14-23 days, 

similarly to what was reported by Rodrigues and Pandeirada (2015). Only the cognitive 

tasks were submitted to the environment manipulation; all four cognitive tasks (the two 

attentional and the two memory tasks) were administered in both environmental 

conditions. The three computerized tasks (go/no-go, choice reaction time, and Corsi 

block-tapping) were performed on a 14” laptop, while the Rey Complex Figure was 

performed in a paper-and-pencil format. The order of the environment and of the 

cognitive tasks was counterbalanced across participants within each age group in order to 

minimize potential practice effects on the cognitive tasks (due to the repeated 

administration) or of the task order (see SM-3 for the counterbalancing versions of the 
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environment and of the cognitive tasks). Sessions always occurred in an isolated room 

and at about the same time of the day for each participant to prevent any chronotype 

effects; that is, if a participant performed the first session during the morning period, the 

second session was conducted during the same period of the day (Schmidt, Collette, 

Cajochen, & Peigneux, 2007). 

 

Statistical analyses 

The influence of the surrounding environment (high-load vs. low-load visual 

environment; within-subject factor) and of age group (older adults vs. young adults; 

between-subjects factor) on the dependent measures were analyzed using mixed analysis 

of variance (ANOVAs). Additional paired t-tests were performed within each age group 

to clarify interactions when these were found to be significant. For all statistical analyses, 

an alpha level of .05 was considered. In the two attentional tasks, trials with response 

times shorter than 150 ms were excluded, because they probably correspond to 

anticipatory responses (e.g., Hirose et al., 2012) (see detailed information about the outlier 

exclusion procedure in SM-4). 

 

Results 

The descriptive values of all dependent variables are presented in Tables 1-3 along 

with the main statistical results; these are described in detail next. 

 

Attentional tasks 

Go/no-go. For the percentage of hits and omissions, the main effects of 

environment and of age group were significant as well as the interaction between them 

(see Table 1). The additional paired t-tests within each group conducted to clarify these 

interactions revealed that the older adults had fewer hits, t(63) = 2.72, p = .008, Cohen’s 

d = 0.35, and more omissions when responding in the high-load visual surrounding 

environment, when compared to the low-load environment, t(63) = 2.74, p = .008, 

Cohen’s d = 0.35. No differences were obtained in the young adults group (ps > .293). 

Regarding the false alarms, only the main effect of age group was significant, reflecting 

a higher percentage of false alarms in the older adults. All effects were also significant 
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for the reaction times to the hits, including the Group X Environment interaction (see 

Table 1). This interaction results from the fact that the older adults were significantly 

faster to provide their responses when the task was performed in the low-load than in the 

high-load visual environment, t(63) = 2.50, p = .015, Cohen’s d = 0.49; but, again, no 

difference between environments occurred in the young adults (p = .936).  

 

[see Table 1] 

 

Choice reaction time. The repeated measure ANOVAs revealed a significant main 

effect of the age group for the three variables, indicating that the young adults obtained 

more correct responses, fewer errors, and were faster to provide correct responses than 

the older adults. For the percentage of correct responses, a significant main effect of the 

environment, as well as a significant Group X Environment interaction, was obtained (see 

Table 2). The follow-up paired t-tests confirmed that the older adults had fewer correct 

responses when responding in the high-load than in the low-load visual surrounding 

environment, t(63) = 4.07, p < .001, Cohen’s d = 0.53; however, this same result was non-

significant for the young adults (p = .938). Regarding the reaction times for the correct 

responses, a significant main effect of the environment was found, but the interaction was 

non-significant; the follow-up paired t-tests revealed no significant differences between 

environments in either group (lowest p = .05, for the older adults). For the errors, neither 

the main effect of environment, nor the Group X Environment interaction, was significant 

(see Table 2). 

[see Table 2] 

 

Memory tasks 

Corsi block-tapping. Significant main effects of the environment, age group and 

interaction between them were found on the Corsi span; in particular, the older adults 

performed worse than the young adults, but the significant effect of the high-load visual 

surrounding environment (as compared with the low-load environment) was obtained 

only for the older adults, as revealed by the significant additional paired t-test performed 

for this group t(63) = 6.52, p < .001, Cohen’s d = 0.83. Such result was non-significant 

for the young adults (p = .630). See Table 3. 
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Rey Complex Figure. Young adults’ copy and immediate memory performance 

were significantly better than that of the older adults (main effect of age group), but the 

main effect of the environment and the interaction were not significant (see Table 3 for 

the descriptive values and statistical results). Of note, the copy procedure was applied as 

a requirement to the immediate recall. However, this was an important result to consider 

as a priori differences in this task could mediate possible differences in the memory task. 

Similarly to the results obtained in the immediate memory task, only the main effect of 

age was significant in this task with the young adults performing better than the older 

adults. 

[see Table 3] 

 

Discussion 

Our work explored if the presence of visual elements in the surrounding 

environment would affect cognitive performance in older adults and young adults. 

Although the effect of irrelevant information (distractors) has been widely studied in 

different ways involving computer display (e.g., Konstantinou, Beal, King, & Lavie, 

2014; Wais & Gazzaley, 2014), and its effect on cognitive performance widely reported 

(e.g., Lavie et al., 2004; Gazzeley & Nobre, 2012), little is known about what happens 

when these distractors occur in the surrounding environment; this is particularly true 

when both older adults and young adults are tested with the same procedure.  

The current work combines the experimental rigor of validated cognitive tasks, with 

a manipulation of the surrounding environment. Although we remained within the 

laboratory context, this type of manipulation brings the procedure one step closer to 

everyday situations as compared to the distraction manipulations embedded on the 

computer screen that are typically used in this line of research. Following the idea that 

distracting stimuli that differ from the target stimuli have a higher interference potential 

(e.g., Lavie et al., 2004), we created a surrounding environment condition containing a 

variety of stimuli that differ from those present in the main tasks; such a setting should 

pose a higher demand on participants’ cognitive resources (Lavie, 2005, 2010). 

Furthermore, we compared the effect of our environment manipulation in older adults and 

young adults, two age groups that differ markedly in their cognitive abilities. The 

characteristic top-down suppression deficit in the older adults (inhibitory deficit 
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hypothesis), which underlies difficulties in inhibiting distractors or in exerting an 

effective cognitive control of attention, lead us to predict that these participants would be 

particularly affected by the presence of a distracting environment. Contrarily, the young 

adults’ performance would not be (as) influenced by the presence of the distractors, as 

their cognitive abilities are at their best (Gazzaley & Nobre, 2012; Hasher & Zacks, 1988; 

Treitz et al., 2007). 

Our results were mostly consistent with our predictions. First, we replicated the oft-

reported age differences in cognitive performance between the young and the older adults 

in all four tasks, with the older adults performing poorer than the young adults in all tasks 

(Craik & Bialystok, 2006; Sander, Lindenberger, & Werkle-Bergner, 2012). Secondly, 

the older adults obtained significantly fewer correct responses in both the attentional tasks 

when the tasks were performed in the high-load than when they were performed in the 

low-load visual environment. In the go/no-go task, they also took longer to respond 

correctly and provided more omissions in the high-load than in the low-load environment. 

In this task, in which participants need to inhibit two sources of distraction (the no-go 

stimuli and the environmental elements), we obtained environmental effects in three of 

the four variables. Thus, known to assess inhibitory capacity, performance in this task 

was affected in a larger number of variables by the environmental manipulation. These 

results replicate those reported by Rodrigues and Pandeirada (2015) in the go/no-go task 

and provide support for the inhibitory deficit hypothesis. Of note, in the study of 

Rodrigues and Pandeirada (2015), a significant effect of the environment manipulation 

on the false alarms was also reported (d = .364), a result that was not obtained in the 

present study (although, descriptively, our results were in the predicted direction). This 

disparate result could relate to differences in the task, that is, the percentage of the go-

stimuli was of about 50% in that study and of 66% in the current work, likely leading to 

different expectations in responses (Youg, Sutherland, & McCoy, 2018); it is also 

possible that the likelihood of false alarm responses in this task is not strongly influenced 

by our environmental manipulation.  

Regarding the memory tasks, and in contrast to the results reported by Rodrigues 

and Pandeirada (2015) of no effect of the environment in performance, in the current 

study, the memory span (from the Corsi task) was impaired when the task was performed 

in the high-load (than in the low-load) environment. This discrepancy in the results might 

be due to the different memory tasks used in the two studies; whereas the memory task 

used by Rodrigues and Pandeirada was of auditory nature (and thus potentially less 
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influenced by the visual distractors), here it relied on visual stimuli (as the distractors) 

which likely increased the competition between targets and distractors.  

The Rey Complex Figure is a particular case as it assesses visual memory, but also 

visuospatial skills that are related to attention and working memory. This task allowed us 

to explore if our environmental manipulation would influence cognitive performance in 

a broader way. No effect of the environment was obtained on the performance of this task 

which could be related to the form of responding. Being a paper-and-pencil task, attention 

is directed to a visual field that is less exposed to the distracting panel displayed in front 

of the participant. Thus, it is possible that participants were more capable of maintaining 

their focus on the task and be less influenced by the surrounding environment. 

In agreement with the notion that the young adults’ cognitive abilities are at their 

peak (Craik & Bialystok, 2006; Hartshorne & Germine, 2015), including the capacity to 

unattend to distractors, their performance was not influenced by our manipulation of the 

environment. On the other hand, our results suggest that dealing with a visually-rich 

external environment can be particularly challenging for older adults when performing 

cognitive tasks that require their attention and memory. Indeed, several authors argue that 

attention and memory are the pillar of most everyday tasks and, thus, their impairment 

has potential impacts on the daily lives of the older adults (e.g., Gazzaley & Nobre, 2012; 

Wais & Gazzaley, 2014). This study joins the few studies that have shown that the 

surrounding environment affects basic (e.g., simple reaction time in older adults; 

Rodrigues & Pandeirada, 2015), as well as more elaborate processes (learning gains in 

children; Fisher et al., 2014). This work also extends the experimental paradigm presented 

by Rodrigues and Pandeirada (2015) to tasks that tap other cognitive processes and to a 

different manipulation of the environment. Importantly, it reveals that the detrimental 

effect of the presence of distractors in the surrounding environment is obtained in 

cognitive functions, which had not been tested in their initial work (e.g., spatial span). 

Finally, the inclusion of the young-adults group provides a developmental dimension that 

helps to understand our data.  

Our findings may have direct and indirect applications, such as in clinical settings. 

For example, the result of a neuropsychological assessment based on computerized visual 

tasks/tests might not be reliable if it is conducted in a visually-rich surrounding 

environment. Similarly, if a doctor’s appointment is held at an office containing visual 

displays, these could compromise the attention that the older adults are able to give to 
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important medical information. We can also ponder about what it is like for older adults 

to drive in a road surrounded by advertising posters. According to studies in which digital 

and static billboards are displayed and various variables of interest are assessed during a 

driving simulation, driver distraction is a very relevant cause of motor vehicle collisions 

(e.g., Decker et al., 2015). Additionally, Edquist, Horberry, Hosking, and Johnston 

concluded that “the presence of billboards changed drivers’ patterns of visual attention, 

increased the amount of time needed for drivers to respond to road signs, and increased 

the number of errors” (2011, p. 619), particularly in older drivers. Such conclusion is 

consistent with the data obtained in our study. This issue is particularly relevant 

considering that the percentage of older drivers is increasing in several parts of the world 

(e.g., in the USA, National Center for Statistics and Analysis, 2017) and they constitute 

one of the high-risk groups for car crashes (see Insurance Information Institute, 2018). 

However, this latter example should be taken as an indirect implication as the setting we 

used differs in important ways from what happens in real driving: in our case, the 

“distractors” were static, whereas during a driving simulation, even though the distractors 

might also be static (e.g., billboards), the information in the visual field is constantly 

changing with the car’s movement3. Furthermore, while driving involves some of the 

cognitive functions considered in our study (e.g., inhibition and working memory; 

Mäntylä et al., 2009), it also encompasses other abilities not covered in our work.  

This study presents an alternative paradigm to explore the influence of the 

surrounding environment on basic cognitive tasks, but additional work is needed to 

further establish it as we tested only one type of visual display in a limited set of tasks. 

For example, future studies should employ other types of distracting settings, as well as 

manipulate its characteristics similarly to what is done in more traditional procedures in 

the area (e.g., manipulate the amount and variability of the surrounding distractors; 

Forster & Lavie, 2011; Forster & Lavie, 2014; Lavie et al., 2004; Nagy & Thomas, 2003). 

In the same vein, one could explore if the relation/similarity between the elements 

displayed in the environment and those of the task-at-hand (both visual and sensorial 

modality similarity) differently impact cognitive performance; this procedure could be 

employed with laboratorial and ecological tasks. Also, exploring how visual elements 

typically found in specific contexts influence more basic cognitive performance would 

                                                           
3 A special acknowledgment is due to the Editor and Reviewers for their constructive comments on the 
implications of our findings.  
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add external validity to our procedure and increase the potential applied implications of 

the obtained results. Although we have been stressing the negative potential impact of the 

stimulation afforded by the surrounding environment, we should note that it may also 

have positive effects. For example, environmental stimuli (e.g., colors) could be used as 

cues to perform certain actions, such as to identify objects related to daily activities (e.g., 

patients with dementia; Motzek, Bueter, & Marquardt, 2015) or to enhance creative 

thinking (e.g., Ceylan, Dul, & Aytac, 2008). 

We speculate that the negative effect of our visually-charged surrounding 

environment on the older adults’ performance was due to distraction. Such hypothesis 

should be examined in future studies using, for example, objective behavioral measures, 

such as eye-tracking and video-recording, similarly to what has been done with children 

(e.g., Hanley et al., 2017; and Fisher et al., 2014, respectively). Another variable of 

potential relevance to future studies is the participants’ circadian preferences. In the 

present study, the time of the day in which each participant performed the tasks was the 

same but we did not consider whether this corresponded to each participant’s preferred 

time of the day or not. It is conceivable that their abilities to inhibit distractors could be 

higher during their preferred time as compared to their less preferred time of day (e.g., 

Song et al., 2018). A (possible) demonstration of such chronotype synchrony effect could 

have applied implications.  

The current study should be considered as an initial effort towards the 

understanding of how the surrounding environment impacts our cognition. Although 

other types of applied studies have been conducted in several contexts, our work 

investigated the influence of the surrounding environment on cognitive processes that 

underlie more complex tasks explored in other studies (e.g., driving; Decker et al., 2015). 

Understanding how the external environment affects the bricks that together build more 

complex processes is essential to help more vulnerable populations thrive in their daily 

lives.  



Visual external environment in cognition                                                                                                             18 

 

This is an accepted manuscript of an article published by Taylor & Francis in Journal of Cognitive Psychology, 
on 11 April 2020, available online: https://doi.org/10.1080/20445911.2020.1749642 

Acknowledgments 

The current work is part of the first author’s PhD project who was supported by a PhD 

fellowship [Ref. SFRH/BD/84279/2012], and Josefa N. S. Pandeirada was supported by the 

Investigator Grant [Ref. IF/00058/2012/CP0172/CT0002], both provided by the Portuguese 

Foundation for Science and Technology. A special acknowledgment is due to all participants 

and their housing institutions (Portugal): Centros Sociais e Paroquiais de Angeja, Avanca e 

Sta. Joana Princesa (Aveiro), Associação Humanitária de Salreu, and Fundação Cónego Filipe 

de Figueiredo (Estarreja). We also thank the following undergraduate students from the 

University of Aveiro who collaborated in some tasks: Elisabete Gaspar, Fanny Rodrigues, 

Luciana Correia, Marta Lopes, Sara Félix, and Soraia Silva. We also thank to the following 

companies for their sponsorship: Porto Editora, Caminho, Fundação Francisco Manuel dos 

Santos, SEMA, Carlos Santos Hair Shop and Delta Cafés. We also thank Doctor Amanda 

Franco for her feedback on the manuscript. 

 

 

 



Rodrigues & Pandeirada (2020)     19 

 

This is an accepted manuscript of an article published by Taylor & Francis in Journal of Cognitive Psychology, 
on 11 April 2020, available online: https://doi.org/10.1080/20445911.2020.1749642 

References 

Barrett, P., Davies, F., Zhang, Y., & Barrett, L. (2016). The holistic impact of classroom spaces 

on learning in specific subjects. Environment and Behavior, 49, 425-451. doi: 

10.1177/0013916516648735 

Barry, P. H. (2008). An evaluation of the impact of the office environment on productivity. 

Facilities, 26(5/6), 178-195. doi: 10.1108/02632770810864970 

Brown, L. A. (2016). Spatial-sequential working memory in younger and older adults: Age 

predicts backward recall performance within both age groups. Frontiers in Psychology, 

7. doi: 10.3389/fpsyg.2016.01514 

Ceylan, C., Dul, J., & Aytac, S. (2008). Can the office environment stimulate a manager's 

creativity?. Human Factors and Ergonomics in Manufacturing & Service Industries, 

18, 589-602. doi: 10.1002/hfm.20128| 

Choi, H.-H., van Merriënboer, J. J. G., & Paas, F. (2014). Effects of the physical environment 

on cognitive load and learning: Towards a new model of cognitive load. Educational 

Psychology Review, 26, 225-244. doi: 10.1007/s10648-014-9262-6 

Craik, F. I., & Bialystok, E. (2006). Cognition through the lifespan: Mechanisms of change. 

Trends in Cognitive Sciences, 10, 131-138. doi: 10.1016/j.tics.2006.01.007 

Decker, J. S., Stannard, S. J., McManus, B., Wittig, S. M. O., Sisiopiku, V. P., & Stavrinos, D. 

(2015). The impact of billboards on driver visual behavior: A systematic literature 

review. Traffic Injury Prevention, 16, 234-239. doi: 10.1080/15389588.2014.936407 

Devlin, A. S., & Andrade, C. C. (2017). Quality of the hospital experience: Impact of the 

physical environment. In G. Fleury-Bahi, E. Pol & O. Navarro (Eds.), Handbook of 

Environmental Psychology and Quality of Life Research (pp. 421-440). Cham: Springer 

International Publishing. 

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64, 135-168. doi: 

10.1146/annurev-psych-113011-143750 

Edquist, J., Horberry, T., Hosking, S., & Johnston, I. (2011). Effects of advertising billboards 

during simulated driving. Applied Ergonomics, 42, 619-626. doi: 

10.1016/j.apergo.2010.08.013 

Feng, J., Craik, F. I. M., Levine, B., Moreno, S., Naglie, G., & Choi, H. (2017). Differential 

age-related changes in localizing a target among distractors across an extended visual 

field. European Journal of Ageing, 14, 167-177. doi: 10.1007/s10433-016-0399-7 



Visual external environment in cognition                                                                                                             20 

 

This is an accepted manuscript of an article published by Taylor & Francis in Journal of Cognitive Psychology, 
on 11 April 2020, available online: https://doi.org/10.1080/20445911.2020.1749642 

Fisher, A. V., Godwin, K. E., & Seltman, H. (2014). Visual environment, attention allocation, 

and learning in young children. Psychological Science, 25, 1362-1370. doi: 

10.1177/0956797614533801 

Forster, S., & Lavie, N. (2011). Entirely irrelevant distractors can capture and captivate 

attention. Psychonomic Bulletin & Review, 18, 1064-1070. doi: 10.3758/s13423-011-

0172-z 

Forster, S., & Lavie, N. (2014). Distracted by your mind? Individual differences in 

distractibility predict mind wandering. Journal of Experimental Psychology: Learning, 

Memory, and Cognition, 40, 251-260. doi: 10.1037/a0034108 

Gazzaley, A., Clapp, W. C., Kelley, J., McEvoy, K., Knight, R. T., & D'Esposito, M. (2008). 

Age-related top-down suppression deficit in the early stages of cortical visual memory 

processing. Proceedings of the National Academy of Sciences, 105, 13122-13126. doi: 

10.1073/pnas.0806074105 

Gazzaley, A., & D'Esposito, M. (2007). Top-down modulation and normal aging. Annals of the 

New York Academy of Sciences, 1097, 67-83. doi: 10.1196/annals.1379.010 

Gazzaley, A., & Nobre, A. C. (2012). Top-down modulation: Bridging selective attention and 

working memory. Trends in Cognitive Sciences, 16, 129-135. doi: 

10.1016/j.tics.2011.11.014 

Gifford, R. (2007). Environmental psychology: Principles and practice. Colville, WA: Optimal 

Books. 

Gilbert, C. D., & Li, W. (2013). Top-down influences on visual processing. Nature Reviews 

Neuroscience, 14, 350-363. doi: 10.1038/nrn3476 

Hanley, M., Khairat, M., Taylor, K., Wilson, R., Cole-Fletcher, R., & Riby, D. M. (2017). 

Classroom displays - attraction or distraction? Evidence of impact on attention and 

learning from children with and without autism. Developmental Psychology, 53, 1265-

1275. doi: 10.1037/dev0000271 

Hartshorne, J. K., & Germine, L. T. (2015). When does cognitive functioning peak? The 

asynchronous rise and fall of different cognitive abilities across the lifespan. 

Psychological Science, 26, 433-443. doi: 10.1177/0956797614567339 

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and aging: A review and 

a new view. In G. H. Bower (Ed.), The Psychology of Learning and Motivation (Vol. 

22, pp. 193-225). San Diego, California: Academic Press. 



Rodrigues & Pandeirada (2020)     21 

 

This is an accepted manuscript of an article published by Taylor & Francis in Journal of Cognitive Psychology, 
on 11 April 2020, available online: https://doi.org/10.1080/20445911.2020.1749642 

Hirose, S., Chikazoe, J., Watanabe, T., Jimura, K., Kunimatsu, A., Abe, O., ... & Konishi, S. 

(2012). Efficiency of go/no-go task performance implemented in the left hemisphere. 

Journal of Neuroscience, 32, 9059-9065. doi: 10.1523/JNEUROSCI.0540-12.2012 

Insurance Information Institute. (2018). Background on: Older drivers. New York: Insurance 

Information Institute. 

Kawashima, R., Satoh, K., Itoh, H., Ono, S., Furumoto, S., Gotoh, R., . . . Fukuda, H. (1996). 

Functional anatomy of Go/No-Go discrimination and response selection — A PET 

study in man. Brain Research, 728, 79-89. doi: 10.1016/0006-8993(96)00389-7 

Konstantinou, N., Beal, E., King, J. R., & Lavie, N. (2014). Working memory load and 

distraction: Dissociable effects of visual maintenance and cognitive control. Attention, 

Perception, & Psychophysics, 76, 1985-1997. doi: 10.3758/s13414-014-0742-z 

Lavie, N. (2005). Distracted and confused?: Selective attention under load. Trends in Cognitive 

Sciences, 9, 75-82. doi: 10.1016/j.tics.2004.12.004 

Lavie, N. (2010). Attention, distraction, and cognitive control under load. Current Directions 

in Psychological Science, 19, 143-148. doi: 10.1177/0963721410370295 

Lavie, N., Hirst, A., De Fockert, J. W., & Viding, E. (2004). Load theory of selective attention 

and cognitive control. Journal of Experimental Psychology: General, 133, 339. doi: 

10.1037/0096-3445.133.3.339 

Mäntylä, T., Karlsson, M. J., & Marklund, M. (2009). Executive control functions in simulated 

driving. Applied Neuropsychology, 16, 11-18. doi: 10.1080/09084280802644086 

Mastroberardino, S., & Vredeveldt, A. (2014). Eye-closure increases children's memory 

accuracy for visual material. Frontiers in Psychology, 5. doi: 

10.3389/fpsyg.2014.00241 

Motzek, T., Bueter, K., & Marquardt, G. (2015). Environmental cues in double-cccupancy 

rooms to support patients with dementia. HERD: Health Environments Research & 

Design Journal, 9, 106-115. doi: 10.1177/1937586715619740 

Mueller, S. T. (2012). PEBL: The Psychology Experiment Building Language (Version 0.13). 

Retrieved from http://pebl.sourceforge.net/.  

Murphy, G., & Greene, C. M. (2016). Perceptual load affects eyewitness accuracy and 

susceptibility to leading questions. Frontiers in Psychology, 7. doi: 

10.3389/fpsyg.2016.01322 

Nagy, A. L., & Thomas, G. (2003). Distractor heterogeneity, attention, and color in visual 

search. Vision Research, 43, 1541-1552. doi: 10.1016/S0042-6989(03)00234-7 



Visual external environment in cognition                                                                                                             22 

 

This is an accepted manuscript of an article published by Taylor & Francis in Journal of Cognitive Psychology, 
on 11 April 2020, available online: https://doi.org/10.1080/20445911.2020.1749642 

National Center for Statistics and Analysis. (2017). 2015 older population fact sheet. 

Washington, DC: National Highway Traffic Safety Administration. 

Rey, A. (1988). Teste de Cópia de Figuras Complexas [Rey Complex Figures Test]. Lisboa: 

Cegoc. 

Reuter-Lorenz, P. A., Festini, S. B., & Jantz, T. K. (2016). Executive functions and 

neurocognitive aging. In K. W. Schaie & S. L. Willis (Eds.), Handbook of the 

Psychology of Aging (pp. 245-262). London: Academic Press. 

Rodrigues, P. F. S., & Pandeirada, J. N. S. (2015). Attention and working memory in elderly: 

The influence of a distracting environment. Cognitive Processing, 16, 97-109. doi: 

10.1007/s10339-014-0628-y 

Sander, M. C., Lindenberger, U., & Werkle-Bergner, M. (2012). Lifespan age differences in 

working memory: A two-component framework. Neuroscience and Biobehavioral 

Reviews, 36, 2007-2033. doi: 10.1016/j.neubiorev.2012.06.004 

Schmidt, C., Collette, F., Cajochen, C., & Peigneux, P. (2007). A time to think: circadian 

rhythms in human cognition. Cognitive Neuropsychology, 24, 755-789. 

doi:10.1080/02643290701754158 

Schneider, W., Eschman, A., & Zuccolotto, A. (2002). E-Prime user’s guide. Pittsburgh, PA: 

Psychology Software Tools. 

Song, J., Feng, P., Zhao, X., Xu, W., Xiao, L., Zhou, J., & Zheng, Y. (2018). Chronotype 

regulates the neural basis of response inhibition during the daytime. Chronobiology 

International, 35, 208-218. doi: 10.1080/07420528.2017.1392550 

Steele, V. R., Aharoni, E., Munro, G. E., Calhoun, V. D., Nyalakanti, P., Stevens, M. C., . . . 

Kiehl, K. A. (2013). A large scale (N=102) functional neuroimaging study of response 

inhibition in a go/no go task. Behavioural Brain Research, 256, 529-536. doi: 

10.1016/j.bbr.2013.06.001 

Treitz, F. H., Hayder, K., & Daum, I. (2007). Differential course of executive control changes 

during normal aging. Aging Neuropsychology, and Cognition, 14, 370-393. 

doi:10.1080/13825580600678442 

Wais, P. E., & Gazzaley, A. (2014). External distraction impairs categorization performance in 

older adults. Psychology and Aging, 29, 666-671. doi: 10.1037/a0037617 

Young, M. E., Sutherland, S. C., & McCoy, A. W. (2018). Optimal go/no-go ratios to maximize 

false alarms. Behavior Research Methods, 50, 1020-1029. doi: 10.3758/s13428-017-

0923-5



Rodrigues & Pandeirada (2020)                                                                          23  
 

This is an accepted manuscript of an article published by Taylor & Francis in Journal of Cognitive Psychology, on 11 April 2020, available online: 
https://doi.org/10.1080/20445911.2020.1749642 

Table 1 

Means (and Standard Deviations) obtained for the hits, false alarms, and reaction times for the hits in older and young adults, and in each 

environmental condition, for the go/no-go task. The statistical results of the mixed ANOVA (main effect of environment, of age group, and 

interaction between them) are also presented.  

 High-load 

environment 

 Low-load 

environment 

     

 
Older  

adults 

Young 

adults 

 Older 

adults 

Young 

adults 

     

Hits (%) 
59.05** 

(26.23) 

97.98 

(5.49) 
 

68.11** 

(25.85) 

98.43 

(3.81) 

 Environment: 

Age group: 

Interaction: 

F(1,126) = 8.01, p = .005, p
2 = 0.06 

F(1,126) = 147.70, p < .001, p
2=0.54 

F(1,126) = 6.55, p = .012, p
2=0.05 

Omissions (%) 
40.94** 

(26.23) 

2.02 

(5.49) 
 

31.88** 

(25.85) 

1.57 

(3.81) 

 Environment: 

Age group: 

Interaction: 

F(1,126) = 8.01, p = .005, p
2 = 0.06 

F(1,126) = 147.70, p < .001, p
2 = 0.54 

F(1,126) = 6.55, p = .012, p
2 = 0.05 

False alarms (%) 
9.98 

(8.61) 

7.05 

(5.03) 
 

8.95 

(7.60) 

6.42 

(5.48) 

 Environment: 

Age group: 

Interaction: 

F(1,126) = 2.04, p = .156, p
2 = 0.02 

F(1,126) = 6.62, p = .011, p
2 = 0.05 

F(1,126) = .112, p = .728, p
2 = 0.001 
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Reaction times 

(ms) 

456.50* 

(51.24) 

346.10 

(28.18) 
 

436.20* 

(56.19) 

346.32 

(29.47) 

 Environment: 

Age group: 

Interaction: 

F(1,126) = 5.49, p = .02, p
2 = 0.04 

F(1,126) = 251.98, p < .001, p
2 = 0.67 

F(1,126) = 5.73, p = .02, p
2 = 0.04 

Notes: ** paired t-test with p < .01; * paired t-test with p < .05; statistically significant effects are noted in bold. Percentage of hits = #hits/(#go trials - #go 

outliers)*100. Percentage of omissions = #omissions/(#go trials - #go outliers). Percentage of false alarms = #false alarms/(# no-go trials - #no-go outliers)*100.  
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Table 2 

Means (and Standard Deviations) obtained for the correct responses, errors, and reaction times for the correct responses in older and young 

adults, and in each environmental condition, for the choice reaction time task. The statistical results of the mixed ANOVA (main effect of 

environment, of age group, and interaction between them) are also presented.  

 
High-load 

environment 
 

Low-load 

environment 
     

 Older 

adults 

Young 

adults 
 

Older 

adults 

Young 

adults 

     

 
     

Correct  

responses (%) 

44.40*** 

(23.80) 

94.06 

(6.94) 
 

57.60*** 

(25.69) 

94.17 

(8.64) 
 

Environment: F(1,126) = 14.51, p < .001, p
2 = 0.10 

Age group: F(1,126) = 248.23, p < .001, p
2 = 0.66  

Interaction: F(1,126) = 14.05, p < .001, p
2 = 0.10 

Errors (%) 
6.07 

(5.07) 

2.72 

(2.18) 
 

5.37 

(4.84) 

2.95 

(2.50) 
 

Environment: F(1,126) = 0.59, p = .45, p
2 = 0.005 

Age group: F(1,126) = 22.00, p < .001, p
2 = 0.15 

Interaction: F(1,126) = 2.32, p = .13, p
2 = 0.02 

Reaction times to 

correct responses (ms) 

447.75 

(54.19) 

359.85 

(29.97) 
 

438.13 

(45.68) 

354.61 

(31.80) 
 

Environment: F(1,126) = 4.51, p = .036, p
2 = 0.04 

Age group: F(1,126) = 175.82, p < .001, p
2 = 0.58 

Interaction: F(1,126) = 0.390, p = .533, p
2 = 0.003 

Notes: *** paired t-test with p < .001; statistically significant effects are noted in bold. Percentage of correct responses = #correct responses/(140 - 

#outliers)*100. Percentage of errors = #errors/(140 - #outliers)*100. 
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Table 3 

Means (and Standard Deviations) obtained for the memory tasks in older and young adults, and in each environmental condition - Corsi block-

tapping and Rey Complex Figure. 

 High-load 

environment 

 Low-load 

environment 

      

 Older 

adults 

Young 

adults 

 Older 

adults 

Young 

adults 

      

        

Corsi block-tapping 

Memory span 

3.86*** 

(0.90) 

5.58 

(0.86) 

 
4.56*** 

(0.73) 

5.56 

(0.89) 

 

Environment: 

Age group: 

Interaction: 

F(1,126) = 20.29, p < .001, p
2= 0.14 

F(1,126) = 110.40, p < .001, p
2 = 0.47 

F(1,126) = 22.20, p < .001, p
2 = 0.15 

 

Rey Complex Figure 

Copy# 

26.30 

(5.56) 

34.43 

(1.84) 
 

26.66 

(5.19) 

34.66 

(1.16) 

 Environment: 

Age group: 

Interaction: 

F(1,126) = 2.79, p = .10, p
2 = 0.02 

F(1,126) = 142.09, p < .001, p
2 = 0.53 

F(1,126) = 0.143, p = .71, p
2 = 0.001 

 

Immediate recall 
18.35 

(5.80) 

29.30 

(5.25) 
 

19.06 

(5.61) 

29.02 

(5.80) 

 Environment: 

Age group: 

Interaction: 

F(1,126) = 0.27, p = .61, p
2 = 0.002 

F(1,126) = 134.24, p < .001, p
2 = 0.52 

F(1,126) = 1.42, p = .24, p
2 = 0.01 

Notes: *** paired t-test with p < .001; statistically significant effects are noted in bold; # this procedure was applied only as a requirement to the immediate 

recall (our central variable which is related to visual memory).
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Detailed characterization of the sample and exclusion criteria  

The final sample was composed of 128 participants (64 older adults and 64 young 

adults). The older adults (40 female) aged between 65 and 94 years and were recruited 

from five social institutions of the Aveiro district (Portugal). The young adults (49 

female), aged between 18 and 29 years, were mostly students from the University of 

Aveiro.  

The following exclusion criteria were applied to both age groups: a) to be unable to 

recognize the stimuli used in the cognitive tasks; b) to have a clinical score in the 

Vocabulary and Cubes subtests of the Wechsler Adults Intelligence Scale-III (WAIS-III; 

Wechsler, 2008); c) to have a history of neurological and/or psychological disorders; d) 

to be illiterate. One additional exclusion criterion was used for the participants aged 25 

years-old or older: to obtain a score in the Mini-Mental State Examination indicative of a 

clinical condition. Participants who complied with at least one of these criteria were 

excluded. Information about the history of neurological or psychological problems and 

about illiteracy was obtained through the Sociodemographic Questionnaire and also 

confirmed by institutional technicians in the case of the older adults. The procedures used 

to screen for the remaining criteria are briefly described next and were applied at the 

beginning of the first session.  

Visual screening and stimuli recognition: This brief screening consisted of the 

presentation of several colors and the letters X and K; participants were instructed to 

simply name each stimulus. One older adult did not identify at least one of these stimuli 

and was, thus, excluded from the reported data.  

Mini-Mental State Examination (MMSE; Guerreiro et al., 1994): This brief paper-

and-pencil instrument is one of the most used tests to screen cognitive performance (5-10 

minutes). It is composed of 30 questions divided in 6 cognitive domains: orientation, 

registration, attention and calculation, recall, language, and constructive capacity. In a 

Portuguese validation study (Guerreiro et al., 1994), values of sensitivity ranging between 

63.6% and 77.4%, and of specificity between 90% and 96.8% were obtained (Freitas, 

Simões, Alves, & Santana, 2015). This instrument is usually applied in different contexts 
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and has been subjected to several validation studies in Portuguese population**, ††.  

Considering that the MMSE has been validated only for people aged 25 years or older, it 

was applied only to participants of this age range; younger adults performed a simple 

attentional task (paper-and-pencil format) that took approximately the same amount of 

time to complete as the MMSE.  

The cut-off points for the Portuguese population (≥ 25 years old; Freitas et al., 2015) 

considered for the inclusion/exclusion criterion, differed across participants depending on 

their age and educational level. Three older adults were excluded from the data analysis 

due to clinical score in the MMSE.  

Vocabulary and Cubes – Subtests of the Wechsler Adults Intelligence Scale-III 

(WAIS-III; Wechsler; 2008). The measurement of intelligence is characteristic in cross-

sectional studies (e.g., Leiva, Andrés, Servera, Verbruggen, & Parmentier, 2016). The 

WAIS-III is a battery of tests that allows the assessment of global intellectual functioning 

and includes two different subscales: verbal and realization. In this study we applied a 

short-form of this battery that includes the vocabulary and cubes tasks; combined, the 

results of these tasks have revealed a very good correlation with the total scale (Coutinho 

& Nascimento, 2010; Hoffman & Nelson, 1988). The vocabulary subtest belongs to the 

verbal subscale and is composed of a group of words; each word is presented individually 

to the participant (oral and visually) who is instructed to provide its meaning orally. The 

cubes subtest belongs to the realization subscale; during this task, geometric models are 

presented in a notepad and the participant is instructed to reproduce the presented model 

using bicolor cubes. For both subtests, we used the cut-offs for the European Portuguese 

population (≥ 16 years old) which were determined according to the age of each 

participant (Wechsler, 2008). No participants were excluded due to this criterion.  
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Environmental conditions: High- vs. low-load visual surrounding environments  

This Supporting Information describes the procedure followed to select the stimuli 

that were placed on the stands were used to produce the high-load visual surrounding 

environment. An illustration of the various platforms used in the study is also provided. 

The high-load visual surrounding environment included a stand displaying 

potentially distracting pictures,§§; the low-load visual surrounding environment consisted 

of a replica of that same stand but free of pictures. The stand was always placed on top of 

the table where the participant would be performing the tasks (cf. Figure S1). This 

procedure allowed us to present a similar visual field (a controlled environment) to all 

participants, an important detail considering that the experiment was implemented in 

different institutions that varied in their conditions.  

The pictures used in the high-load visual surrounding environment were submitted 

to a previous study in order to select sets of pictures that would be considered equally 

interesting by different age groups. To this end, we collected from the internet a set of 

110 pictures freely available. Various themes of potential interest were used for two 

reasons: 1) we did not want to present irrelevant information related to one specific theme 

as this would likely not be equally appealing to the different age groups being tested; and, 

2) the presentation of appealing pictures that vary in their perceptual characteristics (as 

compared, for example to only presenting scenery pictures) would also increase the 

possible effect of the surrounding environment in cognitive performance. Also of note is 

the fact that the selected visual images were not related with any of the used tasks. Such 

procedural option reinforced their distractor nature as a distractor tend to refer to 

irrelevant information to the performance of a given task (e.g., Gilbert & Li, 2013). 

                                                           
‡‡ The description of this pilot-study procedure might resemble the information presented in the 

Supplemental Materials of other publications as it supported the selection of stimuli used in other 

studies. 
§§ Distractors refer to all stimuli presented in a given situation but that are not directly related to 

the task-at-hand. In a given moment this non-target information often competes with the target 

stimuli (those that actually require a response from the individual) for cognitive resources (Gilbert 

& Li, 2013). 
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 Different age groups will likely have different interests, their attention will be 

“automatically” drawn by different stimuli, and we are frequently immersed in 

environments containing a mixture of these stimuli. To ensure that we were selecting sets 

of pictures that varied in their relevance to different age groups, independent samples of 

different ages participated in the pilot-study. Each age group included 15 participants as 

follows: children (7 females) aged 8-12 years (Mage = 9.00, SD = 1.25); adolescents (7 

females) aged 13-17 years (Mage = 14.07, SD = 1.39); young-adults (9 females) aged 18-

30 years (Mage = 24.07, SD = 3.49); and, older adults (8 females) aged 65-92 years (Mage 

= 78.87, SD = 8.37). The pilot-study was performed in groups of 4 to 10 participants.  

During the pilot-study, the 110 pictures were presented one at a time to participants 

who were instructed to rate how appealing each picture was to them; to this end, they 

used a scale in which responses varied between “nothing appealing/interesting” (1 point) 

to “very appealing/interesting” (5 points). Responses were made on a paper sheet 

containing the picture numbers and the possible rating values. Participants responded by 

making a circle or cross on their selected number. The older adults were assisted by a 

researcher in the marking of their responses. 

As shown in Figure S1, the platform used in the high-load visual surrounding 

environment included 4 rows of pictures in the front panel plus four pictures in each of 

the two lateral panels. For each age group, we selected the four pictures that were rated 

the highest and that, at the same time, had not been considered by another age group as 

highly interesting. Each of these sets was presented in one of the front panel rows. To 

maximize the potential effect of our manipulation of the surrounding visual environment 

on cognitive performance, the set of pictures considered most appealing to the age group 

being tested was placed in the most “visible” position. Therefore, for the older adults 

group, the first bottom row (the one closer to the laptop screen where most tasks were 

displayed) included the four pictures considered more appealing to them; the second, third 

and fourth rows included those that had been considered most attractive by young adults, 

adolescents and children, respectively. However, for the young adults, the disposition of 

the pictures corresponded to the preferences of the following age groups (from the bottom 

to top rows): young adults, adolescents, children and older adults. The two lateral panels 

of the stand contained pictures that were classified as equally appealing by the four age 

groups. Overall, in the high-load visual environment each participant was exposed to 24 

pictures. 
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Figure S1. Visual surrounding environments: (a) The low-load visual surrounding environment used in both age-groups – stand without visual 

elements; (b) The high-load visual surrounding environment used with the older adults; (c) The high-load visual surrounding environment used with 

the young adults. 

 

  

(a) (c) (b) 
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Counterbalancing versions of the environment and of the cognitive tasks 

As described in the Method of the main manuscript, the order of the environment 

and of the tasks was counterbalanced across participants to avoid the effects of order of 

task and of fatigue. Furthermore, only the four cognitive tasks were subjected to the 

environmental manipulation; the remaining instruments (e.g., Sociodemographic 

Questionnaire and Mini-Mental State Examination) were completed on a side table 

without the exposure to the stand. We also applied other instruments to participants that 

were not related to the tasks of main interest; because their results are out of the aims of 

the present work, these are not presented in the paper. It is important to mention that the 

two sessions were of similar duration, particularly before the application of the cognitive 

tasks. Each participant concluded each session (which included the four cognitive tasks 

and the remaining instruments) in about 60 minutes.  

In Table S1, we present the eight possible counterbalancing orders of environmental 

manipulation and of cognitive tasks that were used. 
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Table S1 

Counterbalancing versions of the environmental manipulation and of the cognitive tasks. 

 Order of environment  Order of cognitive task 

Participant# High-load Low-load  Corsi blocks Go/no-go 
Rey  

Complex Figure 

Choice  

reaction time 

1 1 2  1 2 3 4 

2 1 2  2 3 4 1 

3 1 2  3 4 1 2 

4 1 2  4 1 2 3 

5 2 1  1 2 3 4 

6 2 1  2 3 4 1 

7 2 1  3 4 1 2 

8 2 1  4 1 2 3 

(…) (…) (…)  (…) (…) (…) (…) 

Notes: The first column corresponds to the participant number; the remaining columns indicate the order in which the environment was manipulated and the cognitive tasks were 

implemented. For example, participant# 1 performed the first session in the high-load surrounding environment, whereas the second session was realized in the low-load environment. In 

each of the sessions, the participant performed firstly the Corsi blocks, secondly the go/no-go, then the Rey Complex Figure and finally the choice reaction time. As for participant# 5, the 

first session occurred in the low-load environment whereas the second occurred in the high-load environment; the order of the tasks for this participant was the same as for participant# 1.
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Exclusion of outlying reaction times 

In attention tasks, it is usual to exclude trials with reaction times < 150 ms, which 

possibly correspond to anticipatory responses (e.g., Amano et al., 2006; Hirose et al., 

2012). We also adopted this procedural option and present results without these trials (< 

150 ms). 

Below, we present the means (and SD’s) of the trials that were excluded; these 

descriptive data is provided by environment and by age-group, for each attention task 

(go/no-go and choice reaction tasks). For each task, we also conducted a repeated 

measures ANOVA to understand if the number of the eliminated trials differed by age-

group and by environment; the number of excluded trials was consider a within-subjects 

factor and the age-group a between-subjects factor.  

 

Go/no-go 

A main effect of the age-group was found, F(1, 126) = 11.79, p = .001, p
2 = .086, 

whereas no-statistical effects were found to environment (p = .396) nor to interaction (p 

= .253) (see Table S2 for descriptive values). 

 

Table S2 

Means (and SD’s) of the trials that was excluded by environment and by age-group – Go/No-Go task. 

 Young-adults Older adults 

High-load environment 0.63 (0.24) 1.64 (4.23) 

Low-load environment 0.00 (0.00) 2.06 (4.86) 

 

 

Choice reaction time task 

A similar pattern of results was found to the choice reaction time task; a main effect 

of the age-group was also found, F(1, 126) = 13.65, p < .001, p
2 = .098, whereas no-

statistical effects were found to environment (p = .940) nor to interaction (p = .822). See 

Table S3 for descriptive values.  
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Table S3 

Means (and SD’s) of the trials that was excluded by environment and by age-group-Choice reaction time. 

 

 Young-adults Older adults 

High-load environment 0.05 (0.21) 1.83 (5.33) 

Low-load environment 0.14 (0.69) 1.78 (3.30) 
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