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Abstract

Acute stress has been well-established to impair working memory. However, less is known

about how writing about an unresolved stressor may influence working memory or working

memory processes. We addressed these issues in the present study (N = 282) by randomly

assigning participants to write about an unresolved stressful experience (stressful writing

condition or the events of the previous day). We then both measured performance on a

change detection task and used computational modeling to estimate the processes underly-

ing performance: attention, capacity, and guessing bias. We found that, relative to the con-

trol condition, writing about a stressful experience impaired change detection task

performance and significantly impaired task attention. These results show that the effects of

writing about an unresolved stressor may mimic the effects of acute stress on working mem-

ory, rather than conforming to expectations from mood-as-information theory.

Introduction

Acute stress impairs working memory—the small amount of information that can be held in

mind and used in the execution of cognitive tasks [1, 2] This effect has been attributed to a

shift in resource allocation towards processes relevant to the stressor at hand and way from

process deemed irrelevant for immediate survival [2]. Although the effects of acute stress on

working memory are well established, it is unclear whether reexperiencing a stressor mimics

the cognitive effects of experiencing an acute stressor. Previous work has examined the effects

of writing about a stressful experience on both working memory and long-term memory [3, 4]

but obtained seemingly discrepant results, with sex differences possibly playing a role. This

study addressed this issue by probing this dynamic when examining the effect of writing about

a stressful experience on working memory.

Writing about an unresolved stressful experience involves aspects of memory and interpre-

tations of prior stressful experiences, rather than current exposure. Other affect inductions,

which induced negative affect using emotional stimuli, threat-of-shock, and test-based anxiety,

have not been found to impact working memory in the same way as acute stress [5, 6]. Writ-

ing-based affect inductions are particularly effective affect inductions that may reinstate the

psychological state from the recalled stressor. Consistent with this in a small number of ways,

this manipulation has been found to induce a physiological response that is consistent with a

mild stress induction or a strong negative affect induction, such as increased heart rate and
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blood pressure, greater proinflammatory cytokine activity, reduced affect, and impaired execu-

tive function [7–9]. Although this manipulation produces a similar subjective state, its effects

on working memory are less clear.

One potentially important factor in determining the effects of writing about a stressful

experience on working memory is sex. The effects of acute stressors are not identical across

sexes. Stress has been found to differentially influence memory performance, emotion regula-

tion, and working memory in men and women [2, 10]. Specifically, regarding working mem-

ory, exposure to an acute stressor enhances working memory in men while at the same time

impairing it in women [10]. Additionally, there are also relatively clear-cut sex differences in

the psychological benefits of writing about an unresolved stressful experience. Although it is

beneficial across sexes, these emotional benefits tend to be stronger in men than in women

[11, 12]. Coupled with sex differences in the effects of acute stress on working memory, these

results suggest that should writing about a stressful experience closely mimic exposure to an

acute stressor, there should be a similar interaction with participant sex such that men experi-

ence an enhancement in working memory whereas women experience an impairment.

Impairments in working memory following an acute stressor have been attributed to a shift

in resource allocation [2]. Resources are diverted away from stressor-irrelevant processes and

towards stressor-relevant processes as a means of dealing with the stressor. Consequently, cer-

tain aspects of working memory performance, such as attention, may be more preferentially

inhibited than others, such as capacity and guessing bias, as attentional resources are pulled

away from task-relevant stimuli and towards high-priority stress-relevant processes. Should

the effects of writing about an unresolved stressor mimic experiencing an acute stressor, we

should expect to see a similar shift in resource allocation towards the stressor, resulting in both

an overall decrease in working memory performance and attention to the task, along with rela-

tively little change in other working memory processes.

As mentioned previously, two recent studies have examined the effects of writing about an

unresolved stressful experience on working memory and long-term memory, respectively [3,

4]. However, these studies obtained potentially discrepant results. The first study [4] found no

significant effect of writing about a stressful experience of overall working memory or working

memory components. The second study [3], however, found a significant effect of the writing

manipulation on memory retrieval strategies in men but not women. Given the significant

interaction between writing condition and sex observed in Hunter et al., we suspected that the

null finding observed regarding working memory may be in part to an unexamined interac-

tion between the writing condition and sex. With a sample size of only 171 participants, the

previous study may have had insufficient power to detect such an effect, especially given how

weak the effects of writing-based manipulations tend to be [7, 9]. Therefore, replication of the

study conducted by Shields et al. with a larger sample size, in order to explore this potential sex

by writing condition interaction.

Current research

We addressed the question of whether there might be sex differences in the effects of writing

about an unresolved stressful experience on working memory and its component processes by

randomly assigning participants to write about either an unresolved stressful experience or the

neutral events of the previous day. Shortly after the writing task, we assessed working memory

via a change detection task and estimated component working memory processes by fitting a

fixed capacity model of working memory [13] to task data. We hypothesized that participants

in the stressful writing condition would have poorer overall working memory performance,

and that this effect would be stronger in women than in men.
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Method

Participants

An unpublished secondary analysis of data from the study we were attempting to replicate [4]

using a 2x2 between-factor ANOVA predicting overall working memory performance from

writing condition and sex found a sex by writing condition interaction in predicting working

memory task performance at set size five, with an effect size of f = 0.16 (data available for that

study on OSF) [4]. This analysis was conducted in R, version 4.2.2, using the car package. We

sought to replicate this effect. Measures included in this study were added to a larger study as

data collection was ongoing. As a result, data collection was stopped once the larger study met

its power analysis target, resulting in a sample of 284 participants prior to exclusions, with two

participants being excluded from analyses. This sample was approximately 1.6 times larger

than the prior study conducted by Shields et al. and provided 76% power to detect the observed

interaction. Data were collected from May 2nd of 2021 to April 29th of 2022. Participants

received extra credit for participating. Participants were randomly assigned via Qualtrics to

either the stressful writing condition (n = 128; 60.9% women) or control condition (n = 154;

55.8% women). Of this sample, 82.1% were White, 7.9% Hispanic or Latine, 5.7% African

American, 3.1% Asian American, 1.8% Native American, and 1.2% Native Hawaiian or Pacific

Islander. Age, sex, and race/ethnicity did not significantly differ between the stressful writing

and control conditions, ps>.179.

Materials

Essay manipulation’. Participants were given six minutes to type an essay. Participants in

the stressful writing condition were given the following prompt:

“Please write an essay in the space provided below. Please remember, relive, and vividly

recall a negative event that makes you feel extremely stressed out. Choose an event that has

not been resolved and is still a source of stress for you. Please give as much detail as neces-

sary to vividly describe the situation and why it stresses you out. You will have six minutes

to complete this task. You must write for the full six minutes. The study will automatically

continue when the six minutes is over as long as you have written something, but you will

not be able to complete the study if you do not write anything.”

Participants in the control (i.e., neutral writing) condition were given the following

prompt:

“Please write an essay in the space provided below. Please remember, relive, and vividly

recall all of the events that happened to you yesterday. Please describe any and all events

regardless of whether they were routine or unusual. Please give as much detail as necessary

to vividly describe the situation. You will have six minutes to complete this task. You must

write for the full six minutes. The study will automatically continue when the six minutes is

over as long as you have written something, but you will not be able to complete the study if

you do not write anything.”

These prompts and essay timings were identical to those used by Shields et al. [4].

Manipulation check. Immediately after the writing task, participants were asked two

questions about the writing task they just completed: “How stressful was the writing task you

just completed?” and, “How unpleasant was the writing task you just completed?” Participants

responded using visual analogue scales bounded at 0 (“Not at all stressful/unpleasant”) and
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100 (“Extremely stressful/unpleasant”). The scale was marked with numbers in increments of

10, but responses were not restricted to these numbers.

Writing sentiment. As an additional manipulation check, participants’ responses to the

writing task were analyzed for sentiment (i.e., overall valence of participants’ essay based upon

words used) using the sentimentr package, version 2.9.0, in R. Sentiment scores were calcu-

lated for each sentence within each participant’s essay based on word usage such that positive

values indicated more positive sentiment and negative values indicated more negative senti-

ment. Scores for each sentence were then summed across sentences for each participant to pro-

duce an overall sentiment score for their essay. Additional sentiment scores were also created

by averaging scores across sentences to produce an overall sentiment score. These results did

not significantly differ from results obtained when summing scores, therefore subsequent anal-

yses were conducted using summed scores.

Visual working memory. Working memory was measured using a change detection task

adapted from Shields et al. [4], coded in Inquisit. The task consisted of 18 practice trials and

126 test trials divided into 3 blocks of 42 trials each. The break time between blocks was unlim-

ited. Each trial began with a blank screen presented for 500ms, after which a non-overlapping

randomly positioned colored array of 2, 5, or 8 squares was presented for 500ms. Colors were

sampled from a pool of seven possible colors. RGB values for each color are default values used

for the strings, “white”, “black”, “purple”, “green”, “red”, “blue”, and “yellow”. Colors were not

repeated except in the case of set size eight, where one color of the seven was repeated ran-

domly. The height and width of the squares were 11% of each participant’s monitor height.

The square array was then replaced by a blank screen for 500ms—note that Shields et al. [4]

masked squares rather than presented a blank screen, and this design difference, because

masks suppress iconic memory whereas a blank screen does not [14], has previously been

found to play an important role in change detection task effects [13]. Next, a single colored tar-

get square appeared and remained on the screen until participants indicated whether it was

the same color it had been at study. The target square had a 50% chance of remaining the same

color as when initially presented; if the target square had changed color, the new color was ran-

domly sampled from the remaining colors. After a participant provided their response, feed-

back was given for 500ms (see Fig 1).

Procedure

Study procedures were completed online. Participants completed an informed consent form,

providing written consent, followed by a demographic questionnaire. Participants then com-

pleted filler self-report questionnaires consisting of two self-esteem questionnaires, two ques-

tionnaires assessing chronic stress, and a personality questionnaire. This study was part of a

larger study for which these questionnaires were important. Participants then completed either

the stressful writing task, in which they wrote about an unresolved stressful experience, or the

control writing task, in which they wrote about the events of the previous day, depending

upon their assigned condition. Following the writing manipulation, participants were pre-

sented with the visual analogue scale assessing the stressfulness and unpleasantness of the writ-

ing task as a manipulation check. Finally, participants completed the change detection task

(see Fig 2).

Data analysis

Individual participant responses were examined for complying with study instructions prior

to data analysis. Two participants were excluded from analyses because of this, with both par-

ticipants writing something unrelated to the instructions of the writing task.
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Bias-corrected change detection scores (i.e., d’) were calculated by subtracting false alarms

from z-scored hits, both in total and at each set size, using the log-linear transformation given

by Snodgrass and Corwin [15] to avoid infinite estimations. Working memory performance

was further analyzed by fitting data to a fixed-capacity model of working memory, adapted

from Rouder et al. [13], based on participant hits, false alarms, misses, and correct rejections at

each set size (i):

di ¼ min 1;
k

set sizei

� �

hitsi ¼ aðdi þ ð1 � diÞ∗gÞ þ ð1 � aÞ∗g

Fig 1. Change detection task used to assess visual working memory.

https://doi.org/10.1371/journal.pone.0304406.g001

Fig 2. General procedures for the study.

https://doi.org/10.1371/journal.pone.0304406.g002
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missesi ¼ 1 � hitsi

false alarmsi ¼ að1 � diÞ∗g þ ð1 � aÞ∗g

correct rejectionsi ¼ 1 � false alarmsi

Parameters for attention (a), capacity (k), and guessing bias (g) were estimated via maximum

likelihood using the nmkb function in the dfoptim R package, version 2020.10–1. The probabil-

ity that a probed item was in memory (d) was equal to k/set size if the set size exceeded capacity

and equal to 1 if set size was not larger than capacity. Parameter constraints were such that

capacity was constrained to be> = 1, attention to> = .7, and guessing bias to> = 0 and< = 1.

Type III sum of squares ANOVAs were run using the car package in R. Four ANOVAs

were used to examine the effect of Condition (stressful writing; neutral writing)—and potential

moderation by Sex (men; women)—on overall working memory performance, as well as the

component estimated parameters of attention, capacity, and guessing bias. All data analyses

were conducted using R, version 4.2.2. Syntax and data are available upon request.

Transparency and openness

We report how we determined our sample size, all data exclusions, all manipulations, and all

measures in the study. All data, analysis syntax, and research materials are available upon

request. Data were analyzed using R, version 4.2.2, using the car package version 3.1–1, the

dfoptim package version 2020.10–1, and the sentiment package version 2.9.0. This study’s

design and its analyses were not pre-registered.

Results

Manipulation check

We first examined whether participants in the stressful writing condition rated the writing

task as more stressful and unpleasant than participants in the neutral writing task. Two-tailed t

tests were conducted to examine differences in self-reported stressfulness and unpleasantness

between writing conditions. As expected, participants in the stressful writing condition (MStress

= 39.08, SEStress = 2.76) rated the writing task as significantly more stressful than participants

in the neutral writing condition (MControl = 18.81, SEControl = 2.03), t(275) = 6.01, p< .001,

Cohen’s d = 0.72, 95% CI [-26.91, -13.63]. Similarly, participants in the stressful writing condi-

tion (MStress = 49.41, SEStress = 3.03) rated the writing task as significantly more unpleasant

than participants in the neutral writing task (MControl = 26.27, SEControl = 2.59), t(275) = 5.84, p
< .001, Cohen’s d = 0.70, 95% CI [-30.94, -15.35]. Additionally, we observed a sex difference in

reported stressfulness of that task: Women (M = 31.47, SE = 2.38) reported significantly greater

stressfulness than men (M = 23.46, SE = 2.64), t(275) = 2.22, p = .027, Cohen’s d = 0.27, 95%

CI [-15.10, -0.92]. There was no significant sex difference observed for reported unpleasant-

ness of the writing task, t(275) = 1.06, p = .290. Sex did not interact with condition to predict

self-reported stressfulness or unpleasantness of the writing task, ps>.707 (see Fig 3).

As an additional manipulation check, essay sentiment was examined between writing con-

ditions. Participants’ essays in the stressful writing condition (MStress = -0.03, SEStress = 0.05)

overall had significantly more negative sentiment than participants’ essays in the neutral writ-

ing condition (MControl = 0.83, SEControl = 0.05), t(275) = 12.04, p< .001, Cohen’s d = 1.45, 95%

CI [0.72, 0.99].
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Primary analyses

For our primary analyses we first examined whether overall working memory performance

differed as a function of writing condition and sex. In a 2x2 ANOVA predicting overall work-

ing memory performance from Condition (stressful writing, neutral writing) and Sex (men,

women) a main effect of Condition emerged, F(1, 273) = 7.74, p = .006, whereas neither the

predictor Sex nor the Condition×Sex interaction reached significance, ps>.421. Exploring the

main effect of Condition, we found that participants in the stressful writing condition

(M = 1.16, SE = 0.056) had significantly worse overall performance on the change detection

task than participants in the neutral writing condition (M = 1.37, SE = 0.051) (see Fig 4). In

other words, contrary to prior work, we found that writing about a stressful event impaired

working memory performance broadly.

As an additional analysis, we examined whether overall working memory performance dif-

fered as a function of set size, writing condition, and sex. These results are summarized in

Table 1.

We next examined whether estimated parameters for attention, capacity, and guessing bias

differed as a function of writing condition and sex. First, in a 2x2 ANOVA predicting attention

from Condition and Sex a significant main effect of Condition emerged, F(1,273) = 9.11, p =

.003, and a marginal Condition×Sex interaction, F(1, 273) = 3.64, p = .058, whereas the factor

Sex was not a significant predictor, p = .598. Exploring the main effect of Condition in greater

detail, we found that participants in the stressful writing condition (M = 0.866, SE = 0.008) had

significantly lower attention to the task than participants in the neutral writing condition

(M = 0.897, SE = 0.007). Next, in a 2x2 ANOVA predicting capacity from Condition and Sex,

no significant main effect of Condition or sex and no significant Condition×Sex interaction

Fig 3. Mean unpleasantness (A) and stressfulness (B) of the writing task grouped by experimental condition and participant sex. Participants in the stressful

writing condition rated the task as significantly more unpleasant and stressful than those in the neutral condition. Women rated either task as significantly

more stressful than men. ***p< .001, *p< .05.

https://doi.org/10.1371/journal.pone.0304406.g003
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emerged, ps>.104. Finally, in a 2x2 ANOVA predicting guessing bias from Condition and Sex,

Sex emerged as a significant predictor, F(1, 273) = 13.90, p< .001, and a marginal main effect

of condition emerged, F(1, 273) = 3.49, p = .063, whereas the Condition×Sex interaction was

not significant, p = .451. Exploring Sex as a predictor in greater detail, we found that men

(M = 0.625, SE = 0.013) showed a greater bias in guessing that a given square was “old” when

than women (M = 0.561, SE = 0.011) (see Fig 4) Group means for each working memory out-

come by writing condition and participant sex are reported in Table 2.

Additional analyses were examining bivariate correlations between self-reported stressful-

ness of the writing and working memory parameters, self-reported stressfulness of the task

and working memory parameters, and overall essay sentiment and working memory parame-

ters. There was a significant negative correlation between reported stressfulness of the task and

overall working memory, such that greater reported stressfulness was associated with worse

task performance, r = -.18, p = .003. Similarly, there was a significant negative correlation

between reported stressfulness and attention to the task, such that greater stressfulness was

Fig 4. Overall working memory and working memory parameters by writing condition and participant sex. Overall working memory and attention to the

task were significantly lower in the stressful writing condition. No significant effect of condition or sex was observed on capacity. Men showed a greater

guessing bias in guessing “old” than women. ***p< .001, **p< .01, *p< .05.

https://doi.org/10.1371/journal.pone.0304406.g004

Table 1. Overall working memory performance as a function of set size, writing condition, and sex.

Set Size Stress Essay

M (SD)

Neutral Essay

M (SD)

Condition Difference p Condition * Sex Interaction p

2 2.03 (0.99) 2.46 (0.92) < .001 .268

5 0.98 (0.71) 1.15 (0.70) .056 .750

8 0.63 (0.60) 0.77 (0.64) .069 .881

Total 1.15 (0.63) 1.36 (0.61) .006 .778

https://doi.org/10.1371/journal.pone.0304406.t001
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associated with worse attention to the task, r = -.23, p< .001. There was also a significant nega-

tive correlation between stressfulness and guessing bias, such that greater stressfulness was

associated with reduced bias in guessing that a square was “old”, r = -.18, p = .002. No signifi-

cant associated was observed between stressfulness and capacity, p = .108. Similar results were

obtained for reported unpleasantness of the task, with greater unpleasantness being signifi-

cantly associated with reduced overall working memory, r = -.23, p< .001, reduced attention

to the task, r = -.25, p< .001, and reduced bias in guessing that a square was “old”, r = -.15, p =

.01. In contrast to stressfulness, a significant negative association was observed between

unpleasantness and capacity, such that greater unpleasantness was associated with reduced

capacity, r = -.13, p = .030 (see Fig 5).

Additionally, given the length of the change detection task, the effects of the writing manip-

ulation may diminish over time. To address this possibility, we conducted additionally analy-

ses examining working memory as a function of experimental condition and sex in the first

and second half of test trials. In Task Half #1, participants in the stress essay condition

(M = 1.25, SE = 0.06) showed worse working memory performance than participants in the

control condition (M = 1.51, SE = 0.06), t(277) = 2.86, p = .005, Cohen’s d = 0.34. There was no

Condition * Sex interaction in Task Half #1 working memory performance, F(1, 275) = 0.128,

p = .721. Similarly, in Task Half #2, participants in the stress essay condition (M = 1.22,

SE = 0.07) showed worse working memory performance than participants in the control con-

dition (M = 1.48, SE = 0.06), t(277) = 2.75, p = .006, Cohen’s d = 0.33. There was no Condition

* Sex interaction in Task Half #2 working memory performance, F(1, 275) = 0.107, p = .743.

Table 2. Group means for each reported working memory outcome by participant condition and sex.

Working memory parameter Stressful Writing/Men

M (SE)

Neutral Writing/Men

M (SE)

Stressful Writing/Women

M (SE)

Neutral Writing/Women

M (SE)

Overall working memory 1.16 (0.08) 1.39 (0.08) 1.14 (0.07) 1.33 (0.07)

Attention 0.85 (.01) 0.90 (0.01) 0.88 (.01) 0.89 (.01)

Capacity 2.40 (0.18) 2.57 (0.16) 2.22 (0.15) 2.58 (0.14)

Guessing Bias 0.60 (0.02) 0.65 (0.02) 0.55 (0.01) 0.57 (0.02)

https://doi.org/10.1371/journal.pone.0304406.t002

Fig 5. Correlations between overall working memory/working memory parameters and self-reported

stressfulness/unpleasantness.

https://doi.org/10.1371/journal.pone.0304406.g005
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Finally, we examined bivariate correlations between essay sentiment and working memory

variables. No significant correlations were observed between overall essay sentiment and over-

all working memory, capacity, attention, or guessing bias, ps>.065.

Discussion

Although stress influences working memory, the influences of thinking and writing about a

prior but unresolved stressor on working memory is less clear. Results obtained throughout

previous studies investigating the effects of writing about an unresolved stressful experience

on cognitive functions suggested a previously unobserved interaction between stress and sex

may be influencing working memory. We addressed this possibility by randomly assigning

participants to either a stressful or neutral writing task, and subsequently assessing their work-

ing memory via a change detection task. Our results showed that writing about a stressful

experience significantly reduced both overall working memory and attention, but that sex did

not interaction with writing condition. Additionally, we found that across conditions stressful-

ness and unpleasantness of the writing task were significantly associated with poorer estimated

attention within a working memory model.

The current study observed a significant main effect of writing condition, with participants

that were assigned to write about an unresolved stressful experience showing an overall reduc-

tion in working memory and a reduction in attention to the task. Furthermore, across condi-

tions we found that self-reported stressfulness and unpleasantness of the writing task were

predictive of reductions in working memory. These findings lend considerable weight to the

notion that writing about experiences that one deems stressful or unpleasant mimics

experiencing an unpleasant stressful event. Consistent with theories of stress and cognition, it

seems the writing task may impair working memory by diverting cognitive resources towards

stressor relevant processes [2], with the degree of perceived unpleasantness of the writing task

being predictive of greater impairment. These results are contrary to what would be expected

from the mood-as-information theory of cognition and negative affect, which suggests that

writing about a stressful experience and the increased negative affect that comes with should

shift cognitive functions towards a more analytic style rather than impairing cognition [5].

This finding thus suggests that some writing-based negative affect inductions, such as stress or

anxiety inductions [9], are more similar to an acute stressor than others. Future research

should therefore continue to explore the impact writing-based stress inductions may have on

other cognitive processes typically effected by acute stress, as well as the effect of other similar

negative affect inductions on working memory.

The effects of the writing-based stress induction used in the current study notably also differ

from the effects of other negative affect inductions on working memory. Negative affect

induced via viewing negatively valenced pictures has been found to enhance visual working

memory precision [16], and olfactory-induced negative affect inductions have been found to

impair verbal working memory [17]. Similarly, at a meta-analytic level, negative affect induc-

tions reduce working memory variability, attributed to increases in focal attention under nega-

tive arousal [18]. In sharp contrast, the present study observed an overall impairment in

working memory performance and an impairment in focal attention. This contrast in findings

highlights potential differences in the mechanisms underlying various means of affect induc-

tion as well as differences in the effects of inducing various affective states. Writing-based

affect inductions involve a substantial cognitive component, possibly contributing to a shift in

resource allocation towards the material being written about (i.e., the unresolved stressor).

Writing-based inductions of anxiety have been found to impair cognitive flexibility [9],
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potentially suggesting a unique interplay between induced negative effect, the cognitive pro-

cesses involved in writing-based manipulations, and executive functions.

In contrast to the obtained results, writing about stressful events has been studied as an

intervention for stress and anxiety connected to unresolved past trauma [11, 12, 19–21]. This

work has found that repeated instances of journaling interventions, during which individuals

writing about past unresolved stressful experiences, result in greater improvements in mental

and emotional health [11, 12, 19]. These psychological and emotional benefits can be attrib-

uted to an interplay between emotional and cognitive processing of the experience. Although

this explanation suggests cognitive mechanisms play a role in the emotional benefits of writing,

our current findings suggest an acute cognitive impairment. This finding is further compli-

cated by previous work by the authors, in which we found that writing about an unresolved

stressful event enhanced semantic clustering in an episodic memory task specifically in men in

a free recall task [3]. Notably, these findings came from the same methods as the present study,

just with a different outcome. Should the observed impairment in working memory be due to

a shift in cognitive resources towards dealing with the unresolved stressor, this acute cognitive

impairment should ultimately be predictive of long-term emotional benefits.

The current study hypothesized a potential writing condition by sex interaction that was

not observed. Of note, though, we observed a significant main effect of condition, whereas the

previous study conducted by Shields et al. [4] did not. There are a number of possible explana-

tions for this difference in results. First, the present study’s sample was approximately 1.6

times larger than the previous one. As a result of this larger sample size, the present study had

greater power to detect potential effects. It is possible that the current study merely detected

the main effect of writing condition because of its greater power, especially given how rela-

tively weak writing-based manipulations can be. However, this is unlikely, given the Bayesian

results of Shields et al. [4]. An alternative explanation for these findings could be differences in

experimental design, as we describe below.

Although the present study was designed to be a replication and extension of Shields et al.

[4] the two studies differed in a few key ways. First, the present study was conducted online

rather than in a laboratory setting. As a result, the location of a participant’s unresolved

stressor may have been congruent with their location when completing the study. Addition-

ally, environmental distractions could not be directly controlled by the researchers. Given con-

text-dependent stress effects [22, 23], it is possible that this resulted in the two studies

observing different effects of stressful writing on working memory. Additionally, the present

study was part of a larger study that included a free recall task, with encoding taking place

prior to the writing task and retrieval taking place immediately before the change detection

task. Given potential time-dependent effects of stress on cognition [2, 24, 25] these differences

in timing between prior work and the current study may explain the discrepant results

observed. A delay between stress onset has been found to be predictive of greater working

memory impairments at a meta-analytic level [2], therefore it may be the case that an aversive

essay manipulation exerts time-dependent effects as well. Similarly, the change detection task

used in the previous study contained a 500ms mask in which the previous locations were

shown but covered in grey squares, whereas the present study contained no such mask. This

mask was included to abolish traces of iconic memory (i.e., the fast-decaying traces of visual

information held in sensory memory [26] and ensure that any observed effects could be attrib-

uted solely to working memory processes. Given that cortisol can decay iconic memory traces

[14], it is possible that the results obtained in the present study are due to stress-related differ-

ences in iconic memory rather than working memory Future research should therefore

attempt to test for this by distinctly examining the effects of writing about an unresolved

stressor on both working memory and iconic memory.
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Although this study has a number of strengths, including a large sample size, use of a well-

validated working memory task, and comparability with prior work via the use of a previously

developed and validated writing manipulation, there are a number of limitations that should

be noted. First, data collection was conducted online during the height of the Covid-19 pan-

demic. Research conducted online during this period generally obtained weaker effect sizes

than lab studies outside of the pandemic [27], but this potential issue has not been found to

impact study generalizability [27]. Additionally, the Covid-19 pandemic impacted mental

health, stress resilience, and immune responses [28–30]. To account for this, participant essays

across conditions were examined for inclusion of Covid-related words (i.e., Covid, sick, cough,

sneeze, congest, and breath). Working memory performance did not significantly differ

between participants’ whose essays contained Covid-related words and those whose essays did

not, p = .935. Similarly, because data were collected online, no physiological measures of stress

(i.e., salivary cortisol) were assessed. Stressfulness was only measured via self-report, poten-

tially impacting the true stressfulness of writing-based manipulations. Furthermore, the study

we were seeking to replicate assessed baseline affect, whereas the current study did not. Partici-

pants baseline levels of negative affect may influence their writing content and task perfor-

mance. Future research should therefore assess baseline affect prior to the writing task and

physiological measures of stress following writing about an unresolved stressful experience.

These results therefore may not generalize to participants with a difference in baseline stress.

Third, the change detection task did not include a mask between stimulus onset and test. As a

result, visual afterimages from task stimuli may have exerted an effect on participant perfor-

mance rather than solely visual working memory [31]. Additionally, it is possible that, relative

to passive waiting, the neutral writing task may have been stressful. We attempted to control

for confounds related to typing and task type with our neutral writing task, but such a task

may have enhanced working memory relative to waiting. Although this possibility would not

explain differences between this study and the prior [4], future work could address this con-

cern by using a control condition that does not involve writing. Finally, this study used a sam-

ple of college students recruited from psychology courses at a large public research university.

As a result, the sample was considered Western, educated, industrialized, rich, and democratic,

impacting generalizability of our results to non-Western cultures [32]. Future work should

therefore attempt to replicate the present study outside of the Covid-19 pandemic and with a

non-WEIRD sample to ensure generalizability of findings.

Conclusion

In summary, we examined the effects of a single instance of writing about an unresolved stress-

ful experience on working memory performance in a large sample of undergraduate partici-

pants and used computational cognitive modeling to further examine individual working

memory processes. Our results showed that writing about a stressful experience, relative to

writing about a neutral one, significantly reduced overall working memory performance and

specifically reduced attention to the task. These results are consistent with theories of stress

and cognition but contrary to what is expected from the mood-as-information theory of nega-

tive affect and cognition, suggesting that writing-based stress inductions have more similarities

to acute stress inductions than with other negative affect inductions, especially when iconic

memory positively contributes to working memory performance.

Author Contributions

Conceptualization: Colton L. Hunter.

Formal analysis: Colton L. Hunter, Grant S. Shields.

PLOS ONE Stressful writing impairs working memory

PLOS ONE | https://doi.org/10.1371/journal.pone.0304406 July 5, 2024 12 / 14

https://doi.org/10.1371/journal.pone.0304406


Investigation: Colton L. Hunter, Grant S. Shields.

Methodology: Colton L. Hunter, Grant S. Shields.

Supervision: Grant S. Shields.

Validation: Grant S. Shields.

Writing – original draft: Colton L. Hunter.

Writing – review & editing: Grant S. Shields.

References

1. Schoofs D, Wolf OT, Smeets T. Cold pressor stress impairs performance on working memory tasks

requiring executive functions in healthy young men. Behavioral Neuroscience. 2009; 123(5):1066–75.

https://doi.org/10.1037/a0016980 PMID: 19824773

2. Shields GS, Sazma MA, Yonelinas AP. The effects of acute stress on core executive functions: A meta-

analysis and comparison with cortisol. Neurosci Biobehav Rev [Internet]. 2016 Sep; 68:651–68. Avail-

able from: https://linkinghub.elsevier.com/retrieve/pii/S0149763416302755 https://doi.org/10.1016/j.

neubiorev.2016.06.038 PMID: 27371161

3. Hunter CL, Gray ZJ, Trudell E V., Kennedy LD, Shields GS. Writing about a stressful experience

improves semantic clustering of memory in men, not women. Stress and Health. 2023 May 24;

4. Shields GS, Spahr CM, Yonelinas AP. Feel free to write this down: Writing about a stressful experience

does not impair change detection task performance. Emotion. 2020 Mar; 20(2):317–22. https://doi.org/

10.1037/emo0000549 PMID: 30550306

5. Mitchell RLC, Phillips LH. The psychological, neurochemical and functional neuroanatomical mediators

of the effects of positive and negative mood on executive functions. Neuropsychologia. 2007 Jan; 45

(4):617–29. https://doi.org/10.1016/j.neuropsychologia.2006.06.030 PMID: 16962146

6. Blanchette I, Richards A. The influence of affect on higher level cognition: A review of research on inter-

pretation, judgement, decision making and reasoning. Cogn Emot. 2010 Jun; 24(4):561–95.

7. Dickerson SS, Kemeny ME, Aziz N, Kim KH, Fahey JL. Immunological Effects of Induced Shame and

Guilt. Psychosom Med. 2004 Jan; 66(1):124–31. https://doi.org/10.1097/01.psy.0000097338.75454.29

PMID: 14747646

8. Moons WG, Shields GS. Anxiety, not anger, induces inflammatory activity: An avoidance/approach

model of immune system activation. Emotion. 2015; 15(4):463–76. https://doi.org/10.1037/

emo0000055 PMID: 26053247

9. Shields GS, Moons WG, Tewell CA, Yonelinas AP. The effect of negative affect on cognition: Anxiety,

not anger, impairs executive function. Emotion. 2016 Sep; 16(6):792–7. https://doi.org/10.1037/

emo0000151 PMID: 27100367

10. Schoofs D, Pabst S, Brand M, Wolf OT. Working memory is differentially affected by stress in men and

women. Behavioural Brain Research. 2013 Mar; 241:144–53. https://doi.org/10.1016/j.bbr.2012.12.004

PMID: 23238042

11. Horneffer KJ, Jamison PW. The Emotional Effects of Writing About Stressful Experiences: An Explora-

tion of Moderators. Occup Ther Health Care. 2002 Jan 3; 16(2–3):77–89. https://doi.org/10.1080/

J003v16n02_06 PMID: 23941151

12. Stone AA, Smyth JM, Kaell A, Hurewitz A. Structured writing about stressful events: Exploring potential

psychological mediators of positive health effects. Health Psychology. 2000; 19(6):619–24. PMID:

11129366

13. Rouder JN, Morey RD, Cowan N, Zwilling CE, Morey CC, Pratte MS. An assessment of fixed-capacity

models of visual working memory. Proceedings of the National Academy of Sciences. 2008 Apr 22; 105

(16):5975–9. https://doi.org/10.1073/pnas.0711295105 PMID: 18420818

14. Miller R, Weckesser LJ, Smolka MN, Kirschbaum C, Plessow F. Hydrocortisone accelerates the decay

of iconic memory traces: On the modulation of executive and stimulus-driven constituents of sensory

information maintenance. Psychoneuroendocrinology. 2015 Mar; 53:148–58. https://doi.org/10.1016/j.

psyneuen.2014.12.016 PMID: 25618593

15. Snodgrass JG, Corwin J. Perceptual Identification Thresholds for 150 Fragmented Pictures from the

Snodgrass and Vanderwart Picture Set. Percept Mot Skills. 1988 Aug 31; 67(1):3–36. https://doi.org/

10.2466/pms.1988.67.1.3 PMID: 3211683

PLOS ONE Stressful writing impairs working memory

PLOS ONE | https://doi.org/10.1371/journal.pone.0304406 July 5, 2024 13 / 14

https://doi.org/10.1037/a0016980
http://www.ncbi.nlm.nih.gov/pubmed/19824773
https://linkinghub.elsevier.com/retrieve/pii/S0149763416302755
https://doi.org/10.1016/j.neubiorev.2016.06.038
https://doi.org/10.1016/j.neubiorev.2016.06.038
http://www.ncbi.nlm.nih.gov/pubmed/27371161
https://doi.org/10.1037/emo0000549
https://doi.org/10.1037/emo0000549
http://www.ncbi.nlm.nih.gov/pubmed/30550306
https://doi.org/10.1016/j.neuropsychologia.2006.06.030
http://www.ncbi.nlm.nih.gov/pubmed/16962146
https://doi.org/10.1097/01.psy.0000097338.75454.29
http://www.ncbi.nlm.nih.gov/pubmed/14747646
https://doi.org/10.1037/emo0000055
https://doi.org/10.1037/emo0000055
http://www.ncbi.nlm.nih.gov/pubmed/26053247
https://doi.org/10.1037/emo0000151
https://doi.org/10.1037/emo0000151
http://www.ncbi.nlm.nih.gov/pubmed/27100367
https://doi.org/10.1016/j.bbr.2012.12.004
http://www.ncbi.nlm.nih.gov/pubmed/23238042
https://doi.org/10.1080/J003v16n02%5F06
https://doi.org/10.1080/J003v16n02%5F06
http://www.ncbi.nlm.nih.gov/pubmed/23941151
http://www.ncbi.nlm.nih.gov/pubmed/11129366
https://doi.org/10.1073/pnas.0711295105
http://www.ncbi.nlm.nih.gov/pubmed/18420818
https://doi.org/10.1016/j.psyneuen.2014.12.016
https://doi.org/10.1016/j.psyneuen.2014.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25618593
https://doi.org/10.2466/pms.1988.67.1.3
https://doi.org/10.2466/pms.1988.67.1.3
http://www.ncbi.nlm.nih.gov/pubmed/3211683
https://doi.org/10.1371/journal.pone.0304406


16. Xie W, Zhang W. Negative emotion boosts quality of visual working memory representation. Emotion.

2016 Aug; 16(5):760–74. https://doi.org/10.1037/emo0000159 PMID: 27078744

17. Habel U, Koch K, Pauly K, Kellermann T, Reske M, Backes V, et al. The influence of olfactory-induced

negative emotion on verbal working memory: Individual differences in neurobehavioral findings. Brain

Res. 2007 Jun; 1152:158–70. https://doi.org/10.1016/j.brainres.2007.03.048 PMID: 17448450

18. Xie W, Ye C, Zhang W. Negative emotion reduces visual working memory recall variability: A meta-ana-

lytical review. Emotion. 2023 Apr; 23(3):859–71. https://doi.org/10.1037/emo0001139 PMID: 35951384

19. Schoutrop MJA, Lange A, Hanewald G, Davidovich U, Salomon H. Structured Writing and Processing

Major Stressful Events: A Controlled Trial. Psychother Psychosom. 2002; 71(3):151–7. https://doi.org/

10.1159/000056282 PMID: 12021557

20. Ullrich PM, Lutgendorf SK. Journaling about stressful events: Effects of cognitive processing and emo-

tional expression. Annals of Behavioral Medicine. 2002 Aug; 24(3):244–50. https://doi.org/10.1207/

S15324796ABM2403_10 PMID: 12173682
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