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“BRAIN DRAIN” WEB APPENDIX 
 

PILOT STUDY 
 

One hundred twenty participants (53.3% female; Mage = 37.47 years; SDage = 11.93 years) 
were recruited using Amazon Mechanical Turk; three participants were excluded for indicating 
they did not own smartphones, leaving a final sample of 117 smartphone users. We randomly 
assigned participants to one of two Awareness Prompt conditions (possessions, devices), and 
immediately administered the following prompt: 

 
Take a moment and think about [your possessions / the devices you own]. In the space 
below, please write the first five [possessions / devices] that come to mind, in order. 
There are no right or wrong answers, so please just write your thoughts as they come to 
you! 
 
After listing five products, participants proceeded to the second page of the survey. On 

this page, they were first asked to report whether or not they owned a smartphone. Participants 
who reported owning smartphones (n = 117) were then asked “At this moment, how easy would 
it be for you to access and use your phone?” (1-5), “At this moment, how much do you want to 
use your phone?” (1-5), “At this moment, where is your phone located?” (nearby and in sight, 
nearby and out of sight, not nearby (for example, in another room), other), and “In your daily 
life, where is your phone usually located?” (nearby and in sight, nearby and out of sight, not 
nearby, other). 

We were primarily interested in the relationship between current phone location and top-
of-mind awareness of one’s smartphone. We quantified top-of-mind awareness according to the 
position rank of participants’ phones in their freely recalled lists of possessions/devices, with 
higher awareness scores representing earlier recall; awareness was coded as “0” for participants 
who did not mention their phones, and ranged from “1” (fifth position) to “5” (first position) for 
those who did mention their phones.  

A 3(Phone Location: nearby and in sight, nearby and out of sight, not nearby) × 
2(Awareness Prompt: possessions, devices) between-subjects ANOVA revealed a significant 
effect of Location on top-of-mind awareness, F(2, 111) = 8.33, p < .001, partial η2= .131. 
Planned contrasts revealed a significant nearby and in sightànearby and out of sightànot 
nearby linear trend (F(1, 111) = 14.58, p < .001, partial η2= .116) and no quadratic trend (p = 
.996), indicating that current phone location predicts top-of-mind awareness. This analysis also 
revealed a significant effect of Awareness Prompt (F(1, 111) = 54.57, p < .001, partial η2= .330), 
with those in the “devices” condition exhibiting higher top-of-mind awareness of their 
smartphones. The Location × Prompt interaction was marginally significant (F(2, 111) = 2.49, p 
= .09, partial η2= .043); however, the focal nearby and in sightànearby and out of sightànot 
nearby linear trend was significant in both the “devices” (p = .001) and “possessions” (p = .01) 
conditions when these conditions were analyzed separately. 

Because we did not randomly assign participants to Phone Location conditions in the 
pilot study, we cannot make strong causal claims about the direction of the relationship between 
phone location and top-of-mind awareness. However, we note that the results of a supplementary 
3(Current Phone Location: nearby and in sight, nearby and out of sight, not nearby) × 3(Usual 
Phone Location: nearby and in sight, nearby and out of sight, not nearby) × 2(Awareness 
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Prompt: possessions, devices) ANOVA suggest that awareness of one’s smartphone is more 
closely related to Current Phone Location (F(2, 102) = 2.84, p = .06, partial η2= .053) than to 
Usual Phone Location (p = .32). 

Additional between-subjects ANOVAs revealed significant effects of Phone Location 
(nearby and in sight, nearby and out of sight, not nearby) on both ease of access (F(2, 115) = 
18.70, p < .001, partial η2= .247) and interest in use (F(2, 115) = 6.21, p = .003, partial η2= .097). 
As with top-of-mind awareness, planned contrasts revealed significant nearby and in 
sightànearby and out of sightànot nearby linear trends in both measures (ps < .003) and no 
quadratic trends (ps > .21). 
 
EXPERIMENT 1 
 
Data Selection Criteria 
 
We applied the same three selection criteria prior to analyzing the data in Experiments 1 and 2: 
 

• Our research focuses on smartphones. Accordingly, we excluded data from participants 
who reported not owning a smartphone (n = 3 in Experiment 1; n = 11 in Experiment 2).  

• We confirmed that participants cooperated with the Phone Location manipulation using a 
self-report item in the post-task questionnaire (“Where was your phone during this 
experiment?”).  We excluded data from participants whose self-reported phone location 
did not match their randomly assigned location condition (n = 8 in Experiment 1). 

• The OSpan task engages working memory resources by requiring participants to perform 
math operations while simultaneously updating and remembering a sequence of randomly 
generated letters. The developers of the Automated OSpan task we used in our 
experiments recommend an 85% accuracy criterion for the math operations “in order to 
ensure that [participants are] not trading off between solving the operations and 
remembering the [letters]” (Unsworth et al. 2005).  We excluded data from participants 
who failed to meet this criterion (n = 17 in Experiment 1; n = 4 in Experiment 2).  

 
Data collection for Experiment 1 spanned two weeks, and lab protocol permitted participants to 
attend one session per week. In order to ensure that each of our data points represents an 
independent observation, we retained all data from week one and discarded the data from week 
two for all repeat participants (n = 63).  
 
Dependent Measures 
 

Operation Span. The OSpan task assesses the ability to simultaneously maintain 
information in memory while processing additional unrelated information (Engle 2002). 
Individual differences in performance on this task are primarily due to differences in the 
attention control component of working memory (Conway et al. 2002). In each trial set, 
participants are first presented with a simple math problem. After indicating that they have 
solved this problem, participants click the left mouse button to proceed. Participants are then 
presented with a possible answer to the problem, which they mark as either TRUE or FALSE. 
After answering, they are presented with a randomly generated letter and asked to remember the 
letter for the rest of the trial set. Each math problem + letter presentation constitutes a single trial, 



BRAIN DRAIN WEB APPENDIX 

 

3 

and each trial set consists of between 3 and 7 trials. At the conclusion of each set, participants are 
asked to recall the letters that had been presented in their proper order. Participants are asked to 
maximize their response speed on the math problems without sacrificing accuracy (math) or 
memory (letters) in this task. Participants in our experiments completed 10 randomly ordered 
trials: 2 each of length 3, 4, 5, 6, and 7.  
 Raven’s Matrices. The Raven’s Progressive Matrices Test is a nonverbal test of Gf 
(Raven, Raven and Court 1998) that is closely linked to the limited-capacity attentional control 
system at the core of WM (e.g., Carpenter, Just and Shell 1990). In each test item, participants 
are asked to select the element that best completes an incomplete pattern matrix. Items are 
grouped into five 12-item series (A-E), and ordered according to difficulty (Raven 1938); items 
in sets C through E are most closely related to analytic reasoning (Van der Ven and Ellis 2000). 
Participants in Experiment 1 completed 10 test items from sets D and E of Raven’s Standard 
Progressive Matrices (RSPM): D2, D4, D6, D8, D10, D12, E1, E2, E4, and E6.   
 Ending-Digit Drop-Off. This task assesses the tendency to disregard (or “drop off”) the 
ending digits of a product’s price. In each trial, participants are shown a product and asked to 
estimate the maximum quantity of this product that they could purchase with a budget of $73 
(Bizer and Schindler 2005). Participants completed 20 randomly ordered trials: 8 focal trials and 
12 filler trials. Products in the focal trials possessed one of two price endings (.99-ending, .00-
ending) at one of four price levels ($3, $4, $5, $6). Overestimating purchasing power for a .99-
ending price relative to a matched .00-ending price (e.g., $3.99 vs. $4.00) constitutes evidence of 
the drop-off effect. 
 
Additional Analyses 
 

As in the main manuscript, all analyses reported below include a between-subjects 
“Week” factor (week one, week two) to account for variation across research assistants. 
 Operation Span. A one-way ANOVA revealed a significant effect of Phone Location 
(desk, pocket/bag, other room) on OSpan performance, F(2, 514) = 3.74, p = .02, partial η2= 
.014. Paired comparisons revealed that participants in the “other room” condition performed 
better than those in both the “desk” (Mdiff = 3.35, p = .009) and “pocket/bag” conditions (Mdiff = 
2.68, p = .04). OSpan scores in the “pocket/bag” and “desk” conditions were not significantly 
different from each other (Mdiff = 0.66, p = .58). Planned contrasts revealed a significant 
deskàpocket/bagàother room linear trend (F(1, 514) = 6.93, p = .009, partial η2= .013) and no 
quadratic trend (F(1, 514) = 0.92, p = .34), suggesting that as smartphone salience increases, 
OSpan performance decreases. 
 Raven’s Matrices. Similarly, a one-way ANOVA revealed a significant effect of Phone 
Location (desk, pocket/bag, other room) on RSPM test performance, F(2, 514) = 3.96, p = .02, 
partial η2= .015. Paired comparisons revealed that participants in the “other room” condition 
performed better than those in the “desk” condition (Mdiff = 0.52, p = .01); participants in the 
“pocket/bag” condition also performed better than those in the “desk” condition (Mdiff = 0.41, p = 
.03). However, there was no difference in performance between participants in the “pocket/bag” 
and “other room” conditions (Mdiff = 0.20, p = .57). Planned contrasts revealed a significant 
deskàpocket/bagàother room linear trend (F(1, 514) = 6.71, p = .01, partial η2= .013) and no 
quadratic trend (F(1, 514) = 0.77, p = .38), suggesting that as smartphone salience increases, 
RSPM test performance decreases. 
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 Ending-Digit Drop-Off. We analyzed participants’ quantity estimations using a 3 × 4 × 
2 mixed factorial design with the between-subjects factor of “Phone Location” (desk, pocket/bag, 
other room) and within-subjects factors representing the “Price Level” ($3, $4, $5, $6) and 
“Price Ending” (.99-ending, .00-ending) of each target product. A main effect of Price Ending 
would provide evidence of the ending-digit drop-off effect, and a Phone Location × Price Ending 
interaction would indicate that the magnitude of this effect varies along with the salience of 
one’s smartphone. We found no evidence of the ending-digit drop-off effect (F(1, 514) = 0.20, p 
= .65), and this (nonexistent) effect did not vary between phone locations (F(2, 514) = 0.58, p = 
.56).  Follow-up analyses revealed no effect of Price Ending in any condition: “desk” Mdiff = 
0.12, p = .59; “pocket/bag” Mdiff = 0.06, p = .79; “other room” Mdiff = 0.23, p = .34. Because we 
were unable to find any evidence of the ending-digit drop-off effect, we do not see a meaningful 
interpretation of the null effect of Phone Location on this task. 
 
EXPERIMENT 2 
 
Data Selection Criteria 
 
 We first applied the three key selection criteria used in Experiment 1 (see data selection 
criteria, Experiment 1). We also excluded data from five participants with missing response 
times in the Go/No-Go task, as well as one participant with a mean response time that was 
flagged as an “extreme outlier” (> 3× the interquartile range). All results are robust to 
including/excluding this outlier. 
 
Dependent Measures 
 
 OSpan. The OSpan procedure for Experiment 2 was identical to that used in Experiment 
1. See the Web Appendix for Experiment 1 for more details. 

Go/No-Go. The Cue-Dependent Go/No-Go task is a behavioral measure of sustained 
attention (O’Connell et al. 2009). In this task, participants view a series of “go” and “no go” 
targets presented one at a time on a computer monitor. Participants are instructed to press a 
button as quickly as possible—while making as few errors as possible—when presented with a 
“go” target, but to refrain from pressing any keys when presented with a “no go” target.  

Each trial in the Go/No-Go task begins with the presentation of a fixation point (+) in the 
center of the screen for 800 milliseconds, followed by a blank white screen for 500 milliseconds. 
Next, a cue—a vertically or horizontally oriented rectangle—is displayed in the center of the 
computer monitor. After a randomly selected interval (“stimulus onset asynchrony”: 100, 200, 
300, 400, or 500 milliseconds), the rectangle turns either green (“go” target) or blue (“no go” 
target). The orientation of the rectangle cue (vertical or horizontal) indicates the probability of a 
subsequent “go” vs. “no go” target. Vertical rectangles are followed by “go” targets on 80% of 
trials and “no go” targets on the other 20%; horizontal rectangles are followed by “no go” targets 
on 80% of trials and “go” targets on the other 20%. Participants are instructed to press the 
forward slash key (“/”) in response to the green “go” target, and to suppress this response when 
presented with the blue “no go” target. Targets remain on screen until participants respond, or 
until 1000 milliseconds elapse. Trials are separated by an interval of 700 milliseconds. 

Participants in Experiment 2 completed 250 trials, half with “go” targets (125) and half 
with “no go” targets (125). During each trial, the computer recorded whether or not the 
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participant pressed the response key, and if so, the amount of time that elapsed between the 
presentation of the “go” stimulus and the participant’s key press (RT).  

Sustained attention in the Go/No-Go task is reflected in two measures: the number of 
omission errors (failures to respond to “go” targets) and reaction time (speed of responding to 
these targets) (Bezdjian et al. 2009). Importantly, performance on the Go/No-Go task is not 
dependent on working memory capacity (Redick et al. 2011); thus, omission errors and reaction 
time provide reasonably “clean” assessments of sustained attention. 
 Survey Measures. The follow-up questionnaire in Experiment 2 included several 
exploratory measures potentially related to the personal relevance of consumers’ smartphones. In 
addition to the 13-item inventory reported in the main manuscript, we included items assessing 
smartphone usage frequency (“On average, how may text messages do you send per day?” and 
“On average, how may tweets do you send per day from your cell phone?”), the tendency to turn 
to one’s smartphone in the absence of external stimulation (“I look at my cell phone before I roll 
out of bed in the morning,” “If I am waiting to meet a friend, I pass the time by using my cell 
phone”) and in the midst of other activities (“I use my cell phone while driving,” “If my cell 
phone rings or vibrates in the middle of personal business, I look at it”), smartphone subjective 
value (“How much money would it take for you to give up your phone for a full day?”), types of 
smartphone notifications (“Do you receive notifications (a sound or vibration) on your phone 
from [email, Facebook, Twitter, Instagram, LinkedIn, Other]?”), and phantom vibration 
experiences (“Have you ever thought you heard your phone ring or thought you felt it vibrate, 
only to find out you were wrong?”). 
 
Phone Attachment and Dependence Inventory 
 
We subjected responses to our 13-item inventory of individual differences in reliance on one’s 
phone to a principal components factor analysis with Varimax rotation. This analysis revealed 
two primary factors, together explaining 52.67% of the variance. Factor 1 (Smartphone 
Dependence; six items) explained 31.02% of the variance and was related to the degree of 
dependence on one’s smartphone (e.g., “I would have trouble getting through a normal day 
without my cell phone”); factor 2 (Emotional Attachment; five items) explained 21.65% of the 
variance and was related to emotional smartphone use (e.g., “Using my cell phone makes me feel 
happy”). Two items did not clearly load on to either primary factor, and were excluded from 
further analyses (Costello and Osborne 2005). See Appendix Table 1 for all items and factor 
loadings. 
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 Appendix Table 1. Factor Analysis of 13-Item Phone Attachment and Dependence Inventory. 
 

 Factor 

 

Factor 1: 
Smartphone 
Dependence 

Factor 2: 
Emotional 
Attachment 

Factor 3 

I would have trouble getting through a 
normal day without my cell phone .85   

It would be painful for me to give up my 
cell phone for a day .81   

I feel like I could not live without my cell 
phone .79   

If I forgot to bring my cell phone with me, 
I would feel anxious .75   

It drives me crazy when my cell phone 
runs out of battery .66   

I am upset and annoyed when I find I do 
not have reception on my cell phone .64   

I feel impatient when the Internet 
connection speed on my cell phone is slow .52  .43 

I feel lonely when my cell phone does not 
ring or vibrate for several hours  .73  

Using my cell phone relieves me of my 
stress   .71  

I feel excited when I have a new message 
or notification  .70  

Using my cell phone makes me feel happy   .68  

I find it tough to focus whenever my cell 
phone is nearby  .64  

I become less attentive to my surroundings 
when I’m using my cell phone   .90 
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Additional Analyses 

 
As in the main manuscript, all analyses reported below include a between-subjects “Task 

Order” factor (OSpan first, Go/No-Go first) to account for counterbalanced task order in 
Experiment 2. 

Go/No-Go. Omission errors were analyzed according to a 3 × 2 × 2 mixed factorial 
design with between-subjects factors of “Phone Location” (desk, pocket/bag, other room) and 
“Phone Power” (on, off), and a within-subjects factor of pre-target “Cue Type” (go, no-go). This 
analysis revealed no effect of Phone Location (F(2, 263) = 0.04, p = .96), Phone Power (F(1, 
263) = 0.15, p = .70), or their interaction (F(2, 263) = 0.29, p = .75) on omission errors. Reaction 
time was analyzed using a 3 (Phone Location: desk, pocket/bag, other room) × 2 (Phone Power: 
on, off) between-subjects ANOVA. Parallel to the (null) effects on omission errors, this analysis 
revealed no effects of Phone Location (F(2, 262) = 0.10, p = .90), Phone Power (F(1, 262) = 
0.04, p = .85), or their interaction (F(2, 262) = 1.05, p = .35) on reaction time. 

Taken together, the null effects of phone location on both omission errors and reaction 
time in the Go/No-Go task indicate that varying the salience of participants’ smartphones had no 
discernible influence on participants’ ability to sustain attention.   
 Survey Measures. We used responses to our exploratory survey measures to conduct a 
series of exploratory moderation analyses. To the extent that these measures reflect individual 
differences in the personal relevance of one’s smartphone, they should moderate the effects of 
smartphone salience (Phone Location) on available cognitive capacity (OSpan performance). We 
tested each potential moderator in a separate univariate GLM predicting OSpan performance 
from all variables included in the original 3(Phone Location: desk, pocket/bag, other room) × 
2(Phone Power: on, off) ANOVA, a continuous variable representing the mean-centered 
moderator, and all independent variable × moderator interaction terms (Baron and Kenny 1986).  
In each analysis, a significant Phone Location × moderator interaction would indicate that the 
effects of smartphone salience on available cognitive capacity vary according to that particular 
measure of smartphone relevance. 
 We first tested for moderation by a behavioral indicator of smartphone relevance: use 
frequency.  Our primary measure of use frequency was the self-reported number of texts sent per 
day. We found a significant Phone Location × Text Frequency interaction (F(2, 247) = 3.00, p = 
.05, partial η2= .024), indicating that the effects of smartphone salience on OSpan performance 
are moderated by individual differences in frequency of using one’s phone to send text messages. 
Follow-up analyses probing the conditional effects of Location at the sample mean of the 
moderator and +/- one SD from the mean revealed a marginal effect of Phone Location on 
OSpan performance at low levels of text frequency (-1 SD; p = .28), and a significant effect at 
both mean (p = .05) and high levels (p = .007) of text frequency. Paired comparisons of 
estimated marginal means revealed no difference between the “desk” condition and the 
“pocket/bag” (Mdiff = 3.73, p = .25) or “other room” (Mdiff = 2.50, p = .41) conditions on OSpan 
performance at -1 SD of text frequency. However, means in the “desk” condition were 
significantly lower than those in the “pocket/bag” (Mdiff = 4.05, p = .056) and “other room” (Mdiff 
= 5.99, p = .005) conditions at mean levels of text frequency; “desk” condition means were also 
lower than those in the “pocket/bag” (Mdiff = 11.82, p = .02) and “other room” (Mdiff = 9.47, p = 
.04) conditions at +1 SD of text frequency. 
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We created a second measure of use frequency by averaging responses to four items 
assessing the tendency to turn to one’s smartphone both in the absence of external stimulation (“I 
look at my cell phone before I roll out of bed in the morning,” “If I am waiting to meet a friend, I 
pass the time by using my cell phone”) and in the midst of other activities (“I use my cell phone 
while driving,” “If my cell phone rings or vibrates in the middle of personal business, I look at 
it”).  Consistent with the evidence of moderation by Text Frequency, we found a marginally 
significant interaction between Phone Location and this phone-use composite, F(2, 251) = 2.25, 
p = .11, partial η2= .018.   

Next, we tested for moderation by the subjective value participants placed on their 
smartphones, operationalized in terms of responses to the question “How much money would it 
take for you to give up your phone for a full day?” As with Smartphone Dependence and Text 
Frequency, we found a significant interaction between Phone Location and Phone Value, F(2, 
247) = 3.98, p = .020, partial η2= .031. However, a parallel analysis of responses to the question 
“How much money would it take for you to give up watching television for a full day?”—an 
item assessing the subjective value of a digital device that is not one’s smartphone—revealed no 
interaction between Phone Location and Television Value, F(2, 247) = 0.15, p = .86. 

Together, the results of these exploratory analyses provide converging evidence that the 
personal relevance of one’s smartphone moderates the cognitive costs associated with its 
presence. The more consumers depend on, use, and value their phones, the more they are 
(adversely) affected by the mere presence of these devices. Note that we also collected self-
reported number of tweets sent per day as a potential measure of use frequency. However, we 
found that this was not a viable indicator of smartphone use; 88.6% of participants reported 
sending 0 tweets per day, 6.6% reported sending between .1 and 1 tweets per day (inclusive), and 
only 4.8% reported sending more than 1 tweet per day. 

Finally, we probed additional measures in the follow-up survey for descriptive statistics 
associated with smartphone use and smartphone-related experiences. We found that only 4.1% of 
participants turned their phones off when they went to bed, although an additional 24.7% put 
them on silent mode; the majority—66.1%—left sound and/or vibrate on throughout the night. 
We found that the plurality of participants (37.5%) reported using their phones to view friends’ 
social media updates “once an hour.” When it came to posting social media updates from their 
phones, however, the plurality (47.6%) reported doing so “less than once a week.” And finally, 
we found that 90.3% of participants reported experiencing a “phantom vibration” at least once, 
and 56.5% reported experiencing them several times a month or more. 
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