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Abstract

Objective Given that forgetting negative experiences can help children cope with these

experiences, we examined their ability to forget negative aspects of painful events. Methods 86

children aged 7–15 years participated in a retrieval-induced forgetting task whereby they repeat-

edly retrieved positive details of a physically painful experience, and an experimental pain task

(cold-pressor task). Results Repeatedly retrieving positive details of a prior pain experience pro-

duced forgetting of the negative aspects of that experience. Pain-related self-efficacy predicted

retrieval-induced forgetting; children with a poorer belief in their ability to cope with pain ex-

perienced less forgetting. Children who had a more difficult time forgetting prior negative ex-

periences were more anxious about the pain task and reported higher pain thresholds.

Conclusions Understanding children’s memory for painful experiences may help improve their

pain management and coping ability.

Key words: autobiographical memory; children’s memory; cold-pressor-task; emotion; emotional
memory; pain; retrieval-induced forgetting.

The inability to forget negative thoughts, images, or
memories is problematic for some individuals
(Brewin, 1996), and may be a source of psychological
distress that contributes to the maintenance of symp-
toms in various mental health disorders (Ehlers,
2010). Forgetting is not always a cognitive failure but
may be a means of coping with negative experiences
(Barnier, Hung, & Conway, 2004). Thus, our ability
to control what we remember, and what we forget, is
likely important for our emotional well-being. We
know little about children’s forgetting of negative au-
tobiographical memories and whether their ability to
forget such experiences is related to subsequent coping
with similar experiences. Physical pain is a common
negative experience that children may also find stress-
ful. The purpose of this study was to examine chil-
dren’s ability to forget negative aspects of pain-related
experiences and to determine whether forgetting abil-
ity influences ability to cope with pain.

Children’s pain is often poorly managed (Chen,
Joseph, & Zeltzer, 2000), and memory for painful ex-
periences can have a profound impact on later fear of
pain and pain coping behavior (Noel, Chambers,
McGrath, Klein, & Stewart, 2012; von Baeyer,
Marche, Rocha, & Salmon, 2004). Such memories
can increase children’s distress and anxiety concerning
upcoming medical procedures, lead to negative atti-
tudes about and avoidance of necessary medical care,
initiate chronic pain syndromes, and facilitate the per-
sistence of pain conditions into adulthood (Zeltzer &
Blackett-Schlank, 2005). Thus, memory for pain can
be as problematic in its impact on health and suffering
as the actual pain experience (Arntz, van Eck, &
Heumans, 1990). Hence, it is important to understand
the mechanisms by which children cope with pain-
related experiences and whether developmental and
individual differences in children’s ability to forget
such experiences are related to their ability to manage
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and cope with pain. Before describing the current
study, we provide a brief overview of some factors
that may influence children’s memories for pain-
related events and describe a procedure that has been
shown to induce forgetting of emotional experiences
in adults.

A number of individual difference factors may im-
pact children’s ability to remember and forget negative
aspects of pain-related memories, such as general par-
ticipant characteristics (age, age at the time of the
event, sex), emotional factors (anxiety, depression),
and pain-related factors (prior pain-related experi-
ences, coping strategies, pain-related self-efficacy,
pain sensitive temperament; parental behavior regard-
ing child’s pain). Younger children usually report and
remember more pain than older children
(Goodenough et al., 1999; Noel et al., 2015), which
may be owing to younger children’s poorer ability to
forget information. For example, the ability to inhibit
information in memory, which is one of the mecha-
nisms by which we forget (Anderson & Bell, 2001),
develops during childhood (Harnishfeger &
Bjorklund, 1994). In terms of sex, females usually re-
port, as well as recall, more pain and anxiety during
painful procedures than males (Fillingim, King,
Ribeiro-Dasilva, Rahim-Williams, & Riley, 2009;
Hechler et al. 2009). As for the effect of emotion on
memory for pain, anxiety and catastrophizing influ-
ence children’s memories for pain (Noel et al., 2015),
and depression-related memory biases have been re-
ported when children, who are not clinically de-
pressed, recall negative or distressful information
(Bishop, Dalgleish, & Yule, 2004).

Pain-related factors may also influence children’s
memory for pain. For example, children with recur-
rent pain (recurring for a minimum of 3 months but
not constant) or chronic pain (constant and persisting
for more than 3 months; Perquin et al., 2000) exhibit
more accurate recall for pain than non-pain informa-
tion when compared with those without such pain
conditions (Koutantji, Pearce, Oakley, & Feinmann,
1999). Coping strategies like catastrophizing (thinking
that the worst possible outcome will happen in cir-
cumstances where this is very unlikely) affect what is
recalled during pain reports (Noel et al., 2015; Rhudy
et al., 2009). Other factors that have been associated
with children’s ability to cope with pain, such as ex-
pectations regarding anxiety and pain (Arntz et al.,
1990; Kain, Mayes, Caldwell-Andrews, Karas, &
McClain, 2006), pain-related self-efficacy (Piira,
Taplin, Goodenough, & von Baeyer, 2002), tempera-
ment (Schechter, Bernstein, Beck, Hart, & Scherzer,
1991), and parental actions that encourage illness
behavior (Goodman & McGrath, 2003), may also af-
fect memory and forgetting for those experiences. For
example, parental solicitous behavior (e.g., frequent

attending to pain symptoms, granting permission to
avoid regular activities; Walker, Garber, & Greene,
1993) has been linked with children’s recurrent pain
(Langer, Romano, Levy, Walker, & Whitehead, 2009;
Sieberg, Williams, & Simons, 2011). The strategies
that parents use to encourage their children when they
are sick may influence how pain is remembered and
experienced (Dahlquist & Pendley, 2005). Parents
may, unintentionally, draw children’s attention to the
pain as well as remind children about past pain-related
experiences via adult–child conversations (Salmon,
2006), which may make it more difficult to forget
such memories. Thus, factors known to influence pain
outcome may also impact one’s memory, and forget-
ting, for those experiences.

Forgetting can be generally defined as “the inability
to recall something now that could be recalled on an
earlier occasion” (Tulving, 1974, p. 74). The mecha-
nisms by which we forget (e.g., decay, interference;
Roediger, Weinstein, & Agarwal, 2010) are believed
to underlie both explicit (conscious recall) and implicit
(retrieval of information through task performance)
memory and forgetting. Forgetting can occur inciden-
tally or we can be motivated to forget (Baddeley,
Eysenck, & Anderson, 2015). The most widely used
incidental forgetting procedure is retrieval-induced
forgetting (RIF; Anderson, Bjork, & Bjork, 1994). RIF
is an explicit unintentional form of forgetting whereby
the retrieval of some information from long-term
memory impairs the ability to later recall other infor-
mation that is related to the original information.
Participants repeatedly retrieve, or practice, some in-
formation (Rpþ), while other related information
does not receive any practice (Rp-). Recall of retrieved
information is typically enhanced compared with
baseline information that does not receive any re-
trieval practice (NRp), which reflects typical practice
effects. However, the extra retrieval of partial infor-
mation also leads to reduced recall of the related, but
unretrieved, information below baseline levels (i.e.,
forgetting). Inhibition, which is the suppression of pre-
viously activated cognitive contents and/or processes
(Wilson & Kipp, 1998), is believed to be the cause of
forgetting in this paradigm (Anderson & Bell, 2001).

RIF has been extended beyond simple word lists
(Anderson et al., 1994) to social stereotypes (Storm,
Bjork, & Bjork, 2005), forensic-like laboratory mate-
rials (Shaw, Bjork, & Handal, 1995), and more eco-
logically valid materials in children (Ford, Keating, &
Patel, 2004) and adults (Barnier et al., 2004;
MacLeod, 2002). Barnier et al. (2004) examined RIF
in adults’ emotional (i.e., negative, positive) and un-
emotional (i.e., neutral) autobiographical memories.
By grouping emotional or unemotional words (re-
ferred to as category-cues) with personal memory
details, along with a word intended to remind

Children’s Forgetting 221

Deleted Text:  
Deleted Text: u
Deleted Text:  
Deleted Text: due 
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:   
Deleted Text:  
Deleted Text: to 
Deleted Text:  
Deleted Text: s
Deleted Text:  
Deleted Text: u
Deleted Text:  
Deleted Text: u
Deleted Text:  
Deleted Text:  
Deleted Text: -
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text: to 
Deleted Text:  
Deleted Text:  
Deleted Text:   
Deleted Text:  
Deleted Text:  
Deleted Text:  


participants of each particular memory detail, a per-
sonalized RIF procedure was developed. One subset of
elicited memories was repeatedly retrieved (Rpþ),
while the remaining related details from that memory
experience did not receive retrieval practice (Rp�). A
third, unrelated, subset of memories did not receive
any retrieval practice manipulation and served as a
baseline (NRp). Final recall of all elicited autobio-
graphical memories demonstrated typical RIF effects.
Repeatedly retrieved memories (Rpþ) were recalled
more often than related un-retrieved memories (Rp�),
and these un-retrieved memories showed significantly
lower recall than memories from the no-retrieval prac-
tice (NRp) baseline category. The retrieved items were
assumed to inhibit the unretrieved items. No study has
yet examined whether children can be induced to for-
get emotionally negative experiences.

In the current study, children were asked to recall
their two most physically painful experiences, to un-
dergo an RIF procedure whereby they practiced re-
trieving positive details from one of their pain-related
memories, and to undergo an experimental pain stim-
ulus, known as the cold-pressor task (CPT; von
Baeyer, Piira, Chambers, Trapanotto, & Zeltzer,
2005; Birnie, Petter, Boerner, Noel, & Chambers,
2012). We investigated three issues. First, we exam-
ined whether we can induce unintentional forgetting
of negative aspects of emotional experiences. Given
the robustness of the RIF effect, we expected that hav-
ing children retrieve positive aspects of a painful
experience would produce forgetting of negative un-
retrieved details of those memories. Second, we exam-
ined whether there are developmental and individual
differences in children’s ability to forget negative as-
pects of pain-related experiences. RIF is an uninten-
tional form of forgetting that appears to develop early
(Aslan & Bäuml, 2010) and, therefore, may not be af-
fected by developmental differences. However, RIF
has been found to have a positive relationship with ex-
traversion (Law, Groome, Thom, Potts, & Buchanan,
2012), and a negative relationship with working mem-
ory capacity (Aslan & Bäuml, 2011), state anxiety
(Law et al., 2012; Koessler, Steidle, Engler, & Kissler,
2013), and trait anxiety (Saunders, 2012). We there-
fore expected that some of the variables that have
been related to pain and memory for pain, such as
anxiety, would predict individual differences in RIF
performance. Finally, we examined whether difficul-
ties in forgetting are related to children’s ability to
cope with pain.

Method

Participants
Eighty-six, primarily Caucasian, middle-class children
participated. Caregivers, who were mainly biological

mothers (78.6%) and married (73.5%) provided de-
mographic information for 66 children whose ages
ranged from 7.30 to 15.42 years (Mage¼ 9.85 years,
SD¼2.02 years). Over half of the sample (56%) was
male.

Materials
Demographics Questionnaire
The demographics questionnaire included a number of
questions pertaining to both the child’s and parents’
demographic and health history, such as age, sex,
health problems, and the presence of persistent pain
(recurrent or chronic pain). In terms of persistent pain,
parents were asked whether their child complained
about experiencing pain, and if they indicated yes,
they were asked to indicate the frequency and location
of their child’s pain. For the purposes of this study,
based on parents’ report, recurrent pain was defined
as pain occurring one to three times a month, and
chronic pain was defined as occurring more than three
times a month, with both occurring over at least three
months.

Comprehensive Narrative Elaboration Technique
The Narrative Elaboration Technique (NET) is an in-
terview preparation and memory enhancement tech-
nique, using four pictorial cue cards, that has been
shown to increase the amount of information that
children (ages: 4–15 years) recall about an event, with-
out increasing the amount of false information re-
ported (Saywitz & Snyder, 1996). An expanded
version of the NET was developed for use in the cur-
rent study, named the Comprehensive Narrative
Elaboration Technique (CNET). In the CNET, eight
pictorial cues are used signifying place, sayings, peo-
ple, actions, feelings, time, senses, and thoughts,
which capture six components of memory. A pain-spe-
cific cue card was added for the current study.

State-Trait Anxiety Inventory for Children
The State-Trait Anxiety Inventory for Children
(STAIC)-C1 and C2 consist of 20 items each and are
used to assess children’s state and trait anxiety, respec-
tively (Spielberger, Edwards, Lushene, Montuori, &
Platzek, 1973). Higher total scores from each scale
identify a child with more anxiety-prone state or trait
personalities. Spielberger et al. (1973) report that the
STAIC test–retest reliability estimates for school chil-
dren (Grade 4–6) over a 6-week interval are strong to
moderate for trait anxiety (females: r¼ .71, males:
r¼ .65), and low for state anxiety (females: r¼ .47,
males: r¼ .31), which is consistent with the transitory
nature of state anxiety. Internal consistency reliabil-
ities are also strong (State: a¼ .82 males, a¼ .87
females; Trait: a¼ .78 males; a¼ .81 females).
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Children’s Depression Inventory
The Children’s Depression Inventory (CDI; Kovacs,
1981) is a 27-item, self-report measure of depressive
symptoms in children and adolescents. Higher CDI
scores indicate presence of depressive symptoms. The
CDI has demonstrated high internal consistency
(a¼ .83–.89) and acceptable test–retest reliability
(females: r¼ .74, males: r¼ .77; Smucker, Craighead,
Craighead & Green, 1986).

Pain Catastrophizing Scale for Children
The 13-item Pain Catastrophizing Scale for Children
(PCS-C; Crombez et al., 2003) was used to measure
the extent to which children catastrophize or hold ir-
rational thoughts about pain by assessing three dimen-
sions of pain catastrophizing: rumination,
magnification, and helplessness. Answers are recorded
on a 5-point Likert scale ranging from “0¼not at all”
to “4¼ extremely,” with total PCS-C scores ranging
from 0 to 52. Moderate internal consistency has been
reported for PCS-C total scores (a¼ .87) as well as for
the rumination (a¼ .73), magnification (a¼ .68), and
helplessness (a¼ .79) subscales (Crombez et al.,
2003).

Self-Efficacy Questionnaire
The Self-Efficacy Questionnaire (SEQ) measures chil-
dren’s belief in their ability to cope with general pain
and has been used with children between the ages of 7
and 14 years (Piira et al., 2002). It is a 4-item ques-
tionnaire in which participants are asked to rate
“How sure are you that you can handle . . . ” each of
the following types of pain: “the cold water task
(CPT),” “a headache,” “a stomachache,” and “the
pain when you fall over and hurt your knee.” Ratings
are made on a 5-point scale where “1” denotes “not
sure at all” and “5” is “very sure.” Two scores are ob-
tained; the first is specific to children’s belief in their
ability to cope with the CPT pain and the second is a
general pain self-efficacy score, which is the mean of
the three remaining items.

Sensitivity Temperament Inventory for Pain
The parent and child versions of the Sensitivity
Temperament Inventory for Pain (STIP-P and STIP-C,
respectively; Baum, 1994) were used to gather parent-
and self-reports of child’s pain sensitivity in daily life
experiences. The STIP-C consists of 35 items across
four factors (sensation seeking/pain tolerance, percep-
tual sensitivity, symptom reporting, and introversion/
avoidance of sensations). Children answer each ques-
tion on a 4-point scale ranging from “a lot like me” to
“not at all like me,” with higher scores indicating
greater pain sensitivity. The STIP-C had demonstrated
good internal consistency (a¼ .78) and strong test–
retest reliability (r¼ .87; Baum, Zeltzer & Jospe, as

cited in Chen, Craske, Katz, Schwartz, & Zeltzer,
2000). The STIP-P measure contains 33 items across
the same factors as the STIP-C, with the exception of
the introversion subscale. Parents answer questions us-
ing a 4-point scale ranging from “a lot like my child”
to “not at all like my child,” with higher scores indica-
tive of greater pain sensitivity. Similar to the child ver-
sion, the STIP-P has shown adequate internal
consistency (a¼ .71) and good test–retest reliability
(r¼ .81; Baum, Zeltzer & Jospe, as cited in Chen
et al., 2000).

Illness Behavior Encouragement Scale
The Illness Behavior Encouragement Scale (IBES-P;
Walker & Zeman, 1992) is used to collect information
about how children’s parents/guardians treat them
when they are sick or in pain, and was used as a mea-
sure of parental solicitous behavior. Parents/guardians
answer each question using 5-point Likert scale rang-
ing from “0¼Never” to “4¼Always,” with higher
IBES-P scores indicating caregiver’s illness-indulgent
behavior. Adequate internal consistency reliability has
been demonstrated for the “cold” (a¼ .81) and “gas-
trointestinal” (a¼ .85) versions of the scale, with ac-
ceptable test–retest reliability (r¼ .73; Walker &
Zeman, 1992).

Cold-Pressor Task
The CPT is a widely used experimental pain task that
involves placing one hand in cold water. It provides
measures of pain threshold (point in time when pain is
first felt), pain tolerance (point in time when the par-
ticipant withdraws his/her hand from the CPT), and
pain intensity (self-report ratings of pain) (von Baeyer
et al., 2005). The cold-pressor apparatus used in this
study was a modified JetSpray (model JS7 – Single
Flavour Series) machine equipped with a built-in ther-
moregulator, thermostat with external temperature
control, cooler, and water pump to cool and circulate
over 18 litres of water. An armrest was inserted and
an insulation cover was fitted for the water tank to
minimize temperature fluctuations.

Numerical Rating Scale-11
The Numerical Rating Scale-11 (NRS-11) is an 11-
point scale from 0 (none at all) to 10 (the most possi-
ble) that is used to obtain self-report ratings (e.g., pain
intensity; Williamson & Hoggart, 2005). It was used
to measure memory clarity and degree of negative
emotion in the current study.

Facial Affective Scale
The Facial Affective Scale (FAS; McGrath et al., 1996)
is a self-report measure for children of the affective di-
mension of pain. The FAS comprises nine faces vary-
ing in emotion and scores range in intervals from the
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maximum positive affect (i.e., happy face) of .04 to a
maximum negative affect (i.e., sad face) of .97.

Pain Coping Questionnaire
The Pain Coping Questionnaire (PCQ) is a measure of
the coping strategies used during a pain experience
and includes eight subscales: problem solving, positive
self-statements, cognitive distraction, externalizing, in-
ternalizing/catastrophizing, information seeking, seek-
ing social support, and behavioral distraction (Reid,
Gilbert, & McGrath, 1998). As CPT pain lasts for no
longer than 4 min, only the first five subscales were
used in the current study. Answers for the 25-item
PCQ are recorded using a Yes/No format and only
subscale scores are calculated, with higher scores indi-
cating greater use of the coping strategy.

Procedure
After receiving parental consent and child assent, the
parents were asked to fill out the IBES, STIP-P, and
the Demographics Questionnaire, while the CDI,
STIP-C, and STAIC-2 were administered to the chil-
dren. The children then completed memory elicitation,
and during Phase 2, they completed the RIF and CPT
portion of the study. Given that completing all three
tasks in one session would be taxing for participants,
to reduce attrition rates, and to allow time for tran-
scription of the memories, generation of the RIF slide-
shows, and to control the delay between the learning
and forgetting phases, a two-phase, rather than three-
phase, design was chosen. We elicited the memories as
comprehensively as possible so that the first session
could serve as one complete learning trial; this along
with the completion of the questionnaires took ap-
proximately 1 hr. The RIF and CPT tasks were also
completed within a 1-hr session, in counterbalanced
order across participants, approximately one week af-
ter the first session.

Memory Elicitation
The children were trained to use the CNET procedure
and were then asked to recall two physically painful
memories. The interviewer gave the following
instructions:

I’d like you to think about a time when your body felt the most
hurt or most pain that you can remember. The pain could have

happened over a few minutes, hours or even days, but it has to
be one of the most painful memories that you can remember.

When you are telling me about your memory, try to picture it
in your mind and talk about everything that you can remember
without making anything up. When you’ve told me everything

that you can remember about what happened, we will use these
different cards to help remind you about things that happened

that you might not have thought of right away.

Memory elicitations were audio-recorded and the
interviewer simultaneously recorded all pertinent

elicited information. When free recall was finished,
the CNET cards, and accompanying prompts, were
presented. A minimum of 16 details for each memory
were sought from the memory elicitation sessions.

Upon completion of the memory elicitation proce-
dure, for each memory, the children rated the emo-
tional affect of each memory detail reported, using the
FAS. The interviewer read the sentences that were re-
corded during the CNET procedure and the children
chose a face for “how good or bad that part of the
memory was.” The children then rated the overall
emotional affect of both memories at the time of the
event (remembered affect), as well as at the time of re-
call (current affect), with the FAS. In addition, the
children gave estimates of their age when the event oc-
curred, and using the NRS-11, they rated each mem-
ory in terms of clarity, level of anxiety, worry, and/or
fear at the time of the event (remembered negative
emotion), and level of anxiety, worry, and/or fear at
the time of recall (current negative emotion). The par-
ticipants, sometimes with the help of the experi-
menter, decided on a name for each memory, which
served as their memory cue for the second phase of the
study. The children were then debriefed, given a
small reward, and thanked for their help with the
project. The children and their parents were invited to
come back in a week for the second portion of the
study.

During the second phase of the study, half of the
children completed RIF prior to participating in the
CPT, with the rest completing the CPT before RIF.
The CDI was re-administered before the RIF proce-
dure and the state version of the STAIC was adminis-
tered immediately before completing the CPT.

Retrieval-Induced Forgetting
Based on a modification (Barnier et al., 2004) of the
classic RIF procedure (Anderson et al., 1994), an indi-
vidualized RIF slideshow was constructed for each
participant that included four phases: (a) initial learn-
ing of all selected memory details, (b) three retrieval-
practice trials on targeted positive details (Rpþ), (c)
distractor task, and (d) final cued recall of all selected
details. The four most positive details (e.g., Mom said
she was proud I didn’t cry) and the four most negative
details (e.g., I cried for three days) from each reported
memory were selected for use in the RIF slideshow.
The most negative memory, which was often the first
memory reported, was targeted for retrieval-practice
(Rp), whereas the least negative memory (often the
second memory reported) served as the no retrieval-
practice baseline memory (NRp). For ethical reasons,
we did not ask participants to repeatedly retrieve neg-
ative aspects of the experience, thus the four Rpþ
items were always the details that participants rated as
positive through the FAS (McGrath et al., 1996).
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Initial Learning of Memory Details. After receiving
child assent, participants were reminded of each mem-
ory using the assigned memory names, and were shown
examples of “memory name – memory sentence” pairs
that would appear on the screen for each memory (e.g.,
“soccer – I scraped my knee”). While viewing the pairs,
participants were encouraged to think of the words “in
your mind” to help remember them together. After an-
swering any questions, the interviewer began reading
the words on the screen as the pairs were automatically
presented, one-by-one for 10 s each.

Retrieval-Practice. The children were told that the
interviewer had selected some of the sentences that
they saw for further study. On the first retrieval-
practice trial, the last word of each memory sentence
was replaced with a line to indicate a missing word.
Examples were shown on the screen for each memory
(e.g., “soccer – I scraped my ____”). It was explained
that the interviewer would read the memory name and
the child would read the sentence that follows includ-
ing the correct word that completes the sentence.
Participants were told that they would not be timed
and that if they could not remember the right memory
sentence, it was okay to say so and to continue
to the next slide. The interviewer recorded the number
of successful sentence completions. The second retrieval-
practice trial was similar to the first but was more diffi-
cult, as a portion of words were missing in the memory
sentences the children were to complete (e.g., “soccer – I
sc___ my kn___”). The third retrieval-practice trial was
again more difficult than the previous trial, whereby en-
tire words were now missing in the sentence that the
child was to complete (e.g., “soccer – I scraped
______”). The same four Rpþ memory details were used
for all trials of retrieval practice.

Distractor Task and Cued Recall. The children en-
gaged in a distractor task (e.g., ‘Where is Waldo?’) for
5 min. They were then asked to recall all the sentences
associated with each memory that they could remem-
ber when the memory names for Rp and NRp memo-
ries appeared on the screen, which were presented one
at a time and were read by the interviewer. The chil-
dren were encouraged to do their best but were told
that there was no “good or bad amount to remem-
ber,” to decrease social pressure and avoid false recall.
The interviewer recorded participants’ recall. Recall of
memory details was scored as correct if participants
specifically referred to the same event detail at final
test as they described at elicitation (exact wording was
not necessary), and “Don’t know,” ambiguous memo-
ries, or reports of different events were scored as fail-
ure to recall (Barnier et al., 2004).

Cold-Pressor Task Procedure
Immediately prior to administering the CPT, the chil-
dren completed the PCS-C, SEQ, and the STAIC-C1,

with the assistance of the experimenter who read the
questions to them. They were asked to rate expected
pain and expected anxiety using the NRS-11. The chil-
dren then submerged their non-dominant arm, up to
their elbow, in warm water (Mtemperature¼34.8�C) for
2 minutes to help ensure that all participants had the
same skin temperature prior to CPT immersion. A
stopwatch was started as children submerged their
arm up to their elbow in cold circulating water
(Mtemperature¼ 10.8�C). They were asked to keep their
arm in the water for as long as they could (“until it
hurt too much to keep in the tank”) or until 4 min had
elapsed (they were not shown the stopwatch during
the task). They were asked to report when their arm
first started to hurt, at which point the time was re-
corded (pain threshold), as well as their pain intensity
rating (how much pain they felt) on the NRS-11. The
duration of their total submersion was recorded (pain
tolerance) and self-reports of pain intensity were again
recorded using the NRS-11. After the CPT, the chil-
dren were escorted from the CPT testing area and
completed the PCQ, which was tailored to the CPT,
with the assistance of the experimenter. The children
and parents were debriefed and thanked for their time
and the children were given a small reward.

Results

Data Analysis
To test whether forgetting of negative aspects of chil-
dren’s emotionally negative experiences can be in-
duced via the RIF procedure, a one-way analysis of
variance (ANOVA) was conducted with the practice
variable as the independent variable and proportion of
items recalled as the dependent variable. To determine
whether there are developmental and individual differ-
ences in children’s autobiographical RIF, the relation-
ship between the predictor variables and RIF was
analyzed with either an ANOVA or correlation and
multiple regression analysis. Finally, to determine
whether poorer RIF predicted subsequent ability to
cope with pain, degree of RIF scores were correlated
with children’s coping prior to, during, and after the
CPT, with significant variables entered into a multiple
regression analysis. All reported post hoc tests were ei-
ther Student–Newman–Keuls tests or t-tests with the
Bonferroni correction.

Descriptive Information for Children’s Pain
Memories
A total of 40 parents in our sample provided details re-
garding their child’s chronic or recurrent pain, with
some indicating multiple pain locations. Nine (22.5%)
participants reported knee pain; 8 (20%) each re-
ported abdominal pain and headache; 6 (15%) re-
ported pain in their child’s feet; 5 (12.5%) each
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reported pain in their child’s legs and ankle; 4 (10%)
each reported thigh and back pain; 3 (7.5%) reported
shin pain; 2 (5%) reported hip, neck, or shoulder pain;
and 1 (2.5%) reported pain in their buttocks, elbow,
heart, arm, fingers, ear, or chest. Whereas both memo-
ries were similar in terms of the total number of details
recalled, as well as for the degree of pain intensity and
pain affect reported, there were slightly more negative
details reported for the first (M¼ 12.40, SD¼6.53)
than second (M¼11.18, SD¼ 7.84) memory, t
(80)¼2.00, p¼ .049. The vast majority of partici-
pants’ painful memories involved accidents (e.g.,
sports or playing accidents, such as hockey, biking, or
burns), with a few children reporting medical proce-
dures as their most painful memories (e.g., surgeries,
emergency room visits).

Forgetting of Negative Pain-Related Details by
Practicing Positive Details
The one-way ANOVA to determine whether children
can incidentally forget negative details of their pain-
related experiences revealed a significant effect of
practice, F (2, 154)¼ 46.76, p< .001, g2

p ¼ .38, with
greater recall of Rpþ details (M¼ .70; SD¼ .28) than
Rp� (M¼ .37; SD¼ .22) and NRp (M¼ .55;
SD¼ .22) details, and poorer recall of Rp� than NRp
details, all ts > 5.13, all ps< .001 (Figure 1).

Developmental and Individual Differences in
Children’s Ability to Forget
A 2 (Sex [male, female])�3 (Practice [Rpþ, Rp�,
NRp]) ANOVA revealed, in addition to the significant
practice effect reported above, no main effect of sex, F
(1, 75)¼0.81, p¼ .776, nor a sex x practice interac-
tion, F (2, 150)¼ 0. 24, p¼ .977. A 2 (Pain [persistent
pain, no persistent pain])�3 (Practice [Rpþ, Rp�,

NRp]) ANOVA indicated, in addition to the practice
effect, there was no main effect of pain, F (1,
68)¼2.64, p¼ .109, nor a pain� practice interaction,
F (2, 136)¼ 0.18, p¼ .835.

The remaining variables [age, age when event oc-
curred, clarity of the memory, remembered and cur-
rent affect, remembered and current negative emotion,
state and trait anxiety, depression (and its subscales),
pain catastrophizing, pain-related self-efficacy (and its
subscales), pain sensitive temperament (and its sub-
scales), level of parental illness encouragement], along
with a difference score that reflected degree of RIF,
were entered into a correlation analysis, and variables
significant at p< .05 were entered into a regression
analysis. As for the difference score, the number of
NRp details recalled was subtracted from the number
of Rp- details recalled (M¼�.18, SD¼ .28), where
more negative numbers indicate poorer memory (i.e.,
greater forgetting). Three of the variables were signifi-
cantly correlated with the degree of RIF scores: paren-
tal encouragement, r (57)¼ .276, p¼ .037; current
negative emotion, r (76)¼ .235, p¼ .041; and pain-
related self-efficacy, r (78)¼�.246, p¼ .030. A forced
entry multiple regression analysis indicated that pain-
related self-efficacy predicted degree of forgetting
when it was entered on the first step, accounting for
9% of the variance, F (1, 53)¼ 5.06, p¼ .029. Pain-
related self-efficacy and current negative emotion pre-
dicted bias on Step 2, accounting for 15% of the
variance, (R2

change¼ .06), F (2, 52)¼ 4.68, p¼ .013.
On Step 3, when all three variables were entered,
pain-related self-efficacy (b¼�.27, p¼ .034) predicted
degree of RIF, whereas current negative emotion and
parental encouragement did not significantly predict
variance in degree of RIF. All three predictors ac-
counted for 20% of the variance in RIF scores,
(R2

change¼ .05), F (3, 51)¼ 4.32, p¼ .009. Refer to
Table 1 for a summary of these results.
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Figure 1. The RIF effect: greater recall of repeatedly re-
trieved (Rpþ) details than details that received no retrieval
practice (Rp� and NRp), and poorer recall of non-retrieved
details from the practiced category (Rp�) than non-
retrieved details from the baseline category (NRp). All
ps< .001, error bars represent the standard error of the
mean.

Table I. Regression Analyses for Individual Differences in
RIF

B [confidence
interval]

SE B P

Step 1
Constant .15 [�.15, .45] .15 .315
Pain-related self-efficacy �.10 [�.18, �.01] .04 �.30 .029

Step 2
Constant .06 [�.25, .36] .15 .716
Pain-related self-efficacy �.09 [�.17, �.01] . 04 �.28 .031
Current negative emotion .03 [.00, .05] .01 .26 .050

Step 3
Constant �.13 [�.50, .23] .18 .476
Pain-related self-efficacy �.09 [�.17, �.01] .04 �.27 .034
Current negative emotion .02 [�.01, .05] .01 .24 .062
Parental encouragement .01 [�.01, .02] .01 .22 .080

Note. R2¼ .09, R2
change¼ .06 for Step 2 and .05 for Step 3

(ps< .029).
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The Relationship Between Forgetting Ability and
Pain Coping
In terms of whether the ability to forget prior pain ex-
periences influences subsequent ability to cope with
pain, prior to, during, and after the CPT, degree of
RIF scores were correlated with: expected CPT pain,
expected CPT anxiety, CPT self-efficacy (one of the
two SEQ subscales), pain threshold, pain tolerance,
pain intensity at threshold, pain intensity at tolerance,
pain coping strategies (PCQ), remembered pain, and
remembered anxiety. Three of the correlations were
significantly related with degree of RIF scores: ex-
pected anxiety, r (78)¼ .390, p¼ .001; pain threshold,
r (77)¼ .312, p¼ .006; and remembered anxiety, r
(61)¼ .295, p¼ .021. Once the Bonferroni correction
of p< .005 was applied, only expected anxiety re-
mained significantly correlated with RIF scores.
Interestingly, the relationship between RIF and ex-
pected anxiety became much stronger when only the
11 children who reported experiencing chronic pain
were included, r (11)¼ .862, p¼ .001. The Fisher r-to-
z transformation to determine the significance of the
difference between two correlation coefficients was
significant, Zone tailed¼2. 39, p¼ .0084.

Discussion

The purpose of this study was to examine children’s
ability to forget negative aspects of pain-related expe-
riences and to determine whether forgetting ability in-
fluences children’s ability to cope with pain. In
addition to the various types of materials that are sus-
ceptible to RIF (e.g., word lists, social stereotypes),
forgetting of negative details of prior pain-related au-
tobiographical experiences can also be induced. This
is interesting given that some studies find an absence
of RIF with negative words (Kobayaski & Tanno,
2013), and with material that is relevant to the self
(Macrae & Rosenveare, 2002). Our finding demon-
strates both the robustness of the RIF effect and the
potential application of RIF in helping children cope
with negative experiences. For example, it may be pos-
sible to change children’s memories of painful experi-
ences so as to help them subsequently cope with pain.
Chen, Zeltzer, Craske, and Katz (1999) found that
children who were very anxious about medical proce-
dures exaggerated the negative details of these proce-
dures, which resulted in increased anxiety and pain
during future pain-related events. The experimenters
helped the children re-evaluate their reactions to their
last pain experience, encouraged them to believe in the
efficacy of their own coping strategies, and helped
them remember positive aspects of the experience,
such as moments when they did not cry rather than
the times they did cry. The intervention used by Chen
et al. was designed to reframe memory of previous
procedures and was found to help reduce children’s

distress for subsequent medical procedures. However,
as Chen et al. comment, it is not known whether mem-
ory change truly drove this intervention.

RIF appears to be one possible memory-based
mechanism that could lead to such memory modifica-
tion. Even if memory reframing through RIF is short-
lived, our results suggest that those with pain might
benefit from repeated reframing of their painful expe-
riences. However, given the limitations of our sample,
it is not clear whether these results would persist if ex-
tended to clinical settings or to individuals who expe-
rience clinically diagnosed chronic pain. It would also
be of interest to determine whether RIF would persist
if memory is tested implicitly, rather than explicitly.
We expect that this would be the case, given that RIF
has been found with conceptually based (rather than
perceptually based) implicit memory tests (Perfect,
Moulin, Conway, & Perry, 2002). It would also be of
interest to determine whether children’s RIF ability is
related to their ability to regulate emotions or to their
ability to re-appraise past painful experiences, given
that positive reinterpretation of stressful experiences is
an important emotion-focused coping strategy
(Carver, Scheier, & Weintraub, 1989).

In terms of whether there are developmental and in-
dividual differences in children’s ability to forget nega-
tive aspects of pain-related experiences, we examined
various participant characteristics, emotional factors,
and pain-related factors. Only three of our variables
were significantly correlated with children’s degree of
RIF scores. Less RIF occurred in children with poorer
self-efficacy (a weaker belief in their ability to cope
with pain), in children with more negative memories
of past prior pain experiences, and in children whose
caregivers reported more illness-indulgent behavior.
The regression analysis indicated that pain-related
self-efficacy was the main predictor of RIF scores.
Although there is little research on the role that self-
efficacy plays in children’s memory, there is indication
that enhancing older adults’ self-efficacy can improve
their memory performance (West, Bagwell, & Dark-
Freudeman, 2008). More research is, therefore,
needed on this topic.

Based on the few RIF studies that have been con-
ducted with young children, RIF appears to be adult-
like by early childhood. Aslan and Bäuml (2010)
found RIF in 4- and 5-year-olds and Zellner and
Bäuml (2005) found RIF in 7-year-olds. Given that
our youngest children were 7 years of age, our finding
that RIF did not interact with age is consistent with
prior research indicating that RIF develops early.
However, inhibition is believed to be the cause of
forgetting in this paradigm (Anderson & Bell, 2001),
and there is a good deal of support that inhibitory
mechanisms are diminished in young children (e.g.,
negative priming, directed forgetting; Bjorklund &
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Harnishfeger, 1990), likely due to an incompletely de-
veloped frontal lobe (Carlson & Moses, 2001).
However, a distinction needs to be made between in-
tentional and unintentional types of inhibition.
Lechuga, Moreno, Pelegrina, Gómez-Ariza, and Bajo
(2006) found developmental differences when children
and adults intentionally suppressed information, but
not when the task required unintentional inhibition of
competing items, as is the case with an RIF task.
Further research examining the mechanisms driving
RIF in young children is therefore needed to determine
whether non-inhibitory mechanisms (e.g., interfer-
ence) produce the RIF effects that have been found
with young children.

There have been only a handful of studies to date
examining whether there are biological, social, and/or
psychological predictors of RIF (Aslan & Bäuml,
2011; Koessler et al., 2013; Law et al., 2012;
Saunders, 2012). Although we assessed both state and
trait anxiety in the current study, as measured by the
STAIC, we found no relationship with this measure of
anxiety and RIF in children. However, it is possible
that this relationship is small and only emerges under
specific conditions. For example, when Law et al.
(2012) entered state anxiety and extraversion into a
multiple regression analysis, they found extraversion
to be the main predictor of RIF performance.
Although we did not assess state anxiety while chil-
dren completed the RIF task, Koessler found that indi-
viduals with high state anxiety during retrieval-
practice did not show RIF.

Finally, we examined whether children’s ability to
forget prior pain-related experiences is related to their
ability to cope with their CPT experience.
Interestingly, children who showed poorer forgetting
of prior pain experiences had higher thresholds for
pain. Maybe remembering times when they coped well
with prior painful experiences, which oftentimes in-
volves pain over which they had little control, boosts
children’s confidence and self-efficacy. This may then
help them cope better with less painful situations over
which they have control, such as the pain experienced
with the CPT. This finding is consistent with research
indicating that encouraging children to believe in the
efficacy of their own coping strategies reduces chil-
dren’s distress for subsequent procedures (Chen et al.,
1999). However, informing participants of the 4-min
ceiling likely influenced our pain intensity and pain
tolerance results (von Baeyer et al., 2005).

We also found that children who reported more
worry, anxiety, or fear prior to the CPT, as well as
those who remembered feeling worried, afraid, or
anxious during the CPT, performed more poorly on
the RIF task. However, only the expected anxiety pre-
dictor remained significant after correcting for the
possibility of Type 1 error. Although there was no

significant relationship between performance on the
state or trait versions of the STAIC and RIF, we did
find a negative relationship between state anxiety and
RIF when anxiety was measured with the NRS-11.
The finding of a negative relationship between anxiety
and RIF is consistent with proponents of the
Attentional Control Theory, who propose that cogni-
tive inhibition is impaired by anxiety (Eysenck,
Derakshan, Santos, & Calvo, 2007).

The relationship between RIF and anxiety was es-
pecially strong for children reporting chronic pain.
There have been a handful of studies finding that RIF
is poorer for certain adult populations, such as those
under stress (Koessler, Steidle, Engler, & Kissler
2013), with posttraumatic stress disorder (Amir,
Badour, & Freese, 2009), social phobia (Amir, Coles,
Brigidi, & Foa, 2001), clinical depression (Groome &
Sterkaj, 2010), and attention-deficit hyperactivity dis-
order (Storm & White, 2010). Although children in
the current study who reported recurrent and chronic
pain displayed similar levels of RIF as did those chil-
dren reporting little pain, this may not be the case for
children with clinically diagnosed cases of pain. There
is some indication in the adult literature of pain-
related cognitive impairment (Moriarty, McGuire, &
Finn, 2011), including impairment to executive func-
tioning, which includes inhibitory functions (Lehto,
Juujarvi, Kooistra, & Pulkkinen, 2003). One of the
main limitations of the current study is that very minor
pain memories were examined in a sample with few
participants who experience chronic pain. It is possible
that if our sample had included children with clinically
diagnosed pain, or children with longer-lasting pain
conditions such as arthritis or migraine, then this rela-
tionship would have been stronger.

Pain seriously interferes with school and family life
for a significant number of children and adolescents
(Goodman & McGrath, 1991). Improved pain man-
agement has many benefits such as reducing hospital
stays, avoidance of future medical treatment, psycho-
logical trauma, school absenteeism, and the chance of
developing a disabling pain condition (Cummings,
Reid, Finley, McGrath, & Ritchie, 1996). Because RIF
appears promising in its ability to induce forgetting in
children, understanding how factors like self-efficacy
and anxiety influence forgetting ability in children
with pain may lead to innovative techniques for im-
proved pain coping and pain management. For exam-
ple, as a possible next step, clinicians could practice
retrieving positive aspects of prior negative medical
events with clients, as this may help reduce children’s
expected anxiety regarding subsequent medical events.
The benefits of doing so could be tested by using
RIF as an intervention in a randomized controlled
trial experiment. Understanding how we can induce
children’s forgetting of the negative aspects of their
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painful experiences will improve their pain manage-
ment and coping ability.
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