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Despite functional models of nonsuicidal self-injury (NSSI)

helping to explain why people engage in this perplexing

behavior, we still lack an understanding of some of the

key properties of NSSI functions. Here, we address three

unanswered questions about NSSI functions: how much

do distinct NSSI functions (1) vary between people over

time, (2) vary within people over time, and (3) simultane-

ously co-occur over time? Data were drawn from three eco-

logical momentary assessment (EMA) studies of self-

injurious adult psychiatric outpatients (n = 7),

community-based adolescents (n = 15), and community-

based adults (n = 9). Across the three studies, there was a

total of 271 NSSI episodes (all with corresponding func-

tions captured by EMA). The vast majority (27 of 31;

87%) of participants exhibited unique patterns of NSSI

functions during the monitoring periods, indicating high

variability between people. The vast majority (26 of 31;

84%) of participants also showed changes in NSSI func-

tions over time, indicating high variability within people.

Although it was most common for only one function to

be reported for a given NSSI episode, participants endorsed

more than one function for 22% to 43% of NSSI episodes,
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indicating that different functions did simultaneously co-

occur. These results underscore that reinforcement pro-

cesses for NSSI differ from person-to-person, and are both

time-varying and multifaceted, which has implications for

personalized assessment and treatment of this clinical

phenomenon.

Keywords: nonsuicidal self-injury; ecological momentary assess-

ment; functional analysis

EPIDEMIOLOGICAL STUDIES SUGGEST that 5% to 17% of
people engage in nonsuicidal self-injury (NSSI) at
some point in their lives (Nock, 2010; Swannell
et al., 2014), with NSSI often persisting for several
years before remission (Plener et al., 2015). The
issue that has puzzled scholars for centuries
(Favazza & Favazza, 1987) is why people engage
in a behavior such as NSSI that goes against the
innate drive for self-preservation (Nock, 2009)?

A functional approach proposes that behaviors
are determined by their immediate antecedents
and consequences (Nock, 2009). Nock and
Prinstein’s (2004) four-function model (FFM) pro-
poses that NSSI is maintained through four rein-
forcement processes: automatic negative
reinforcement (ANR), automatic positive rein-
forcement (APR), social negative reinforcement
(SNR), and social positive reinforcement (SNR).
ANR refers to engagement in a behavior to reduce
bility in the Functions of Nonsuicidal Self-Injury: Evidence
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or relieve aversive affective states, whereas APR
refers to generating desired affective states. SNR
refers to engagement in a behavior to escape aver-
sive social event(s), whereas SPR refers to increas-
ing desired social event(s) (e.g., help-seeking). The
FFM has been validated in numerous samples (for
reviews see: Bentley et al., 2014; Taylor et al.,
2018), catalyzed new experimental paradigms
(Hamza & Willoughby, 2015; Nock & Mendes,
2008), and contributed to the development of
novel treatment approaches (Bentley et al.,
2017). Although the FFM has provided a useful
framework for understanding why people engage
in NSSI, many key questions regarding the func-
tions of NSSI remain unanswered (Bentley et al.,
2014). One major limitation of prior research on
NSSI functions is reliance on retrospective self-
report, which are subject to recall biases
(Schwarz, 2012).

Ecological momentary assessment (EMA),
which refers to the repeated sampling of partici-
pants’ experiences and behaviors in real time
(Shiffman et al., 2008), offers a highly promising,
novel methodological approach to studying the
functions of NSSI as this behavior naturally
unfolds. According to a recent systematic review,
35 studies have used EMA to study NSSI, but only
8 have used EMA to directly examine the FFM
(Hepp et al., 2020). Both studies reported the over-
all prevalence of each FFM function in the entire
sample across all EMA observations (with ANR
as by far the most commonly reported function,
ranging from being endorsed for 45% to 65% of
all observed NSSI episodes across people), but
did not examine how NSSI functions operate
within each person over time. The current report
seeks to improve upon and extend these studies
by leveraging data from three EMA studies to
address three largely unaddressed properties of
the FFM: the generalizability, stability, and co-
occurrence of NSSI functions.

how much do the functions of NSSI
vary between people over time?

Our first aim was to describe generalizability in the
prevalence of the functions of NSSI over time.
Prior meta-analytic research has established that
these four functions occur across different self-
injuring populations and that the ANR function
is by far the most prevalent function across people
(Taylor et al., 2018). What remains unclear, how-
ever, is generalizability from the group to the indi-
vidual (Fisher et al., 2018). Basic descriptive work
has demonstrated that a wide range of phenomena
examined at the group level appear different when
examined at the individual level (Hamaker, 2012).
Please cite this article as: Coppersmith, Bentley, Kleiman et al., V
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For example, the structure of brain networks looks
different when it is studied within-people as
opposed to when it estimated by averaging across
people (Braga & Buckner, 2017). As this concept
applies to NSSI functions, do all people who
engage in NSSI have the same distributions of
NSSI functions that is observed at the group level
(e.g., ANR most frequent and SNR least frequent)
or do different people show different distributions
of functions? The intensive longitudinal nature of
EMA may be an optimal method (at least of all
currently available methods) to understand this
foundational question about the functions of
NSSI. Given that functions of NSSI are likely to
inform effective, tailored treatment for this prob-
lematic behavior (Bentley et al., 2014; Hayes
et al., 2018), it is crucial to understand if the
prevalence of functions observed across individu-
als is generalizable to the individual patient.

how much do the functions of NSSI
vary within individuals over time?

Our second aim was to quantify the within-person
variability in the functions of NSSI. There is cur-
rently little evidence regarding whether a person
engages in NSSI for the same function each time
they self-injure or if they alternate between a vari-
ety of different functions. We are aware of only
one study to date that has examined longitudinal
changes in the functions of NSSI (Victor et al.,
2016). This study, which enrolled a sample of
537 patients, concluded that NSSI functions are
generally stable across time. A limitation of the
study, however, was that NSSI functions were only
assessed twice and the duration of time between
assessments varied drastically (mean = 137 days,
standard deviation = 250 days). Furthermore, sta-
bility of NSSI functions was examined across the
entire sample, but the researchers did not test indi-
vidual differences in NSSI function stability. Thus,
this study was not able to assess potentially mean-
ingful changes in functions that occur over shorter
(and thus more clinically useful) timeframes or at
the individual level.

There has long been a call for psychologists to
examine phenomena idiographically, at the level
of the individual (Barlow & Nock, 2009;
Hamaker, 2012). Recent advances in mobile tech-
nologies such as the smartphone have signifi-
cantly facilitated such idiographic research
(Piccirillo & Rodebaugh, 2019). One discovery
from recent smartphone-based EMA studies on
suicidal thoughts, which are closely linked with
NSSI (Ribeiro et al., 2016), is that there is consid-
erable within-person variability in patterns of sui-
cidal thinking over time (Kleiman & Nock,
ariability in the Functions of Nonsuicidal Self-Injury: Evidence
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2018). The functions of NSSI, however, have not
been examined with this type of within-person
lens. Within-person variability in psychological
constructs has been linked with a wide range of
clinical outcomes (Fisher & Newman, 2016;
Houben et al., 2015; Kleiman et al., 2018).
Therefore, measuring variability in the functions
of NSSI over time has the potential to both
advance our understanding of how the FFM
unfolds in daily life and potentially provide
new, individualized treatment targets (Bentley
et al., 2017).

how often do the functions of NSSI
co-occur over time?

Our third aim was to describe whether and how
often the functions of NSSI co-occur within dis-
tinct NSSI episodes. The original FFM proposed
that the different functions are significantly corre-
lated (Nock & Prinstein, 2004) and there is evi-
dence from cross-sectional surveys that people
report having engaged in NSSI for multiple rea-
sons (Andover et al., 2012; Taylor et al., 2018).
What remains unclear from this line of research
is whether NSSI serves multiple functions across
distinct NSSI episodes or within a given NSSI epi-
sode. Better understanding the co-occurrence of
functions could advance theoretical models of
why individuals begin (and for some, continue)
engaging in NSSI (e.g., Bentley et al., 2014;
Nock & Prinstein, 2004). From a clinical per-
spective, quantifying the co-occurrence of func-
tions may also help inform the selection or
combination of intervention strategies targeting
a particular function (e.g., emotion regulation
strategies for ANR, interpersonal communication
techniques for SPR) for individually tailored NSSI
treatment.

the present study

Based on a lack of previous data, we did not
generate specific hypotheses but instead aimed
to explore these three questions about NSSI
functions using data from three self-injuring
samples: outpatients, community-based adoles-
cents, and community-based adults. In each
study, participants underwent an EMA protocol.
We present novel data on the generalizability of
NSSI function prevalence between people, stabil-
ity of NSSI functions within people, and co-
occurrence of NSSI functions in each of the three
samples.
lease cite this article as: Coppersmith, Bentley, Kleiman et al., Varia
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Methods

study 1: outpatients with nssi
disorder

Participants
The initial sample of participants were 10 adult
outpatients who met criteria for NSSI disorder (in-
cluding at least five days of NSSI in the past year).
NSSI disorder criteria from DSM-5 were used for
criteria (American Psychiatric Association, 2013).
Other inclusion criteria were of at least 18 years
of age, self-report of ANR as at least one of their
reasons for engaging in NSSI (because the inter-
ventions tested in this study were most relevant
for ANR), and stability of psychiatric medications.
Data from a semistructured interview (ADIS-5;
Brown & Barlow, 2014) was used in combination
with clinical judgment to make determinations
about study eligibility (Bentley et al., 2017).

Of the 10 participants, we excluded 3 partici-
pants who reported engaging in NSSI less than 3
times during the study because the analyses used
in this paper required at least 3 data points to be
able to examine within-person variability (Ebner-
Priemer et al., 2009). The final sample consisted
of 7 participants (M age = 22 years old, 86%
female).

Recruitment
All procedures were approved by the Boston
University Institutional Review Board (Boston
University IRB 3103) and the study was preregis-
tered with ClinicalTrials.gov (Identifier:
NCT02060448). After being recruited through
referrals and online research listings, participants
completed several brief screening interviews to
determine their eligibility and provided informed
consent.

Study Design
This treatment study used a counterbalanced,
combined-series single-case experimental design
(Barlow et al., 2008) to test the effects of two
emotion-focused interventions on NSSI. The study
consisted of four phases: baseline (2 or 4 weeks),
two 4-week interventions (weekly mindful emo-
tion awareness and cognitive reappraisal sessions),
and a 4-week follow-up. After the first (randomly
assigned) intervention, participants either received
the alternative intervention (if they did not evi-
dence a clinically meaningful response in terms
of NSSI) or entered follow-up. Participants pro-
vided an average of 86 days of EMA data.
bility in the Functions of Nonsuicidal Self-Injury: Evidence
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EMA Design
A combination of an interval-contingent and
event-contingent design was used measure NSSI
acts. Participants completed a daily assessment
prompted via text message and were instructed
to self-initiate an entry whenever they experienced
an urge to engage in NSSI or engaged in NSSI. All
EMA data were collected with SymTrend (https://
www.symtrend.com), a smartphone platform for
real-time data collection. At the end of the study,
participants received monetary compensation up
to $300 based on number of phases completed
plus a $100 bonus for � 80% compliance with
EMA assessments. Participants provided EMA
data on 94.1% of days in the study, resulting in
5.9% missing daily NSSI data overall.

EMA Measures
In the EMA protocol, NSSI was defined for par-
ticipants as “purposely hurting yourself without
wanting to die.” In both the daily assessment
and participant-initiated reports, if participants
reported engaging in NSSI, participants were
asked about the function(s) of the NSSI act(s).
If participants responded that they had engaged
in NSSI since the last assessment, they were then
asked, “Why did you hurt yourself?” Participants
could select one or more of the following
options: “To get rid of a bad thought/feeling”
(ANR), “To feel something” (APR), “To escape
task/people” (SNR), “To communicate with
others” (SPR), and “Other” (followed by a text
entry). Thus, the functions were assessed in a
binary scale. For each NSSI act, participants
were also asked, “How much did you hurt your-
self as a way to get rid of bad thoughts/feel-
ings?” (ANR) on a 1 (not at all) to 5
(extremely) scale. Thus, the intensity of only
the ANR function was also assessed with a con-
tinuous scale.

study 2: adolescents with a history
of self-injury

Participants
Thirty adolescents and young adults (12 – 19 years
old) participated in the study (Nock et al., 2009).
Inclusion criteria were having NSSI thoughts in
the past 2 weeks and having access to a computer.
Of the 30 participants, we excluded 15 partici-
pants who reported engaging in NSSI less than
three times during the study because the analyses
used in this paper required at least three data
points to be able to examine within-person vari-
ability (Ebner-Priemer et al., 2009). The final sam-
ple consisted of 15 participants (M age = 17 years
old, 93% female).
Please cite this article as: Coppersmith, Bentley, Kleiman et al., V
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Recruitment
All procedures were approved by the Harvard
University Institutional Review Board. Partici-
pants were recruited via study advertisements in
the community and online. Participants (and their
parents for those under 18 years old) provided
informed consent to participate in the EMA proto-
col during a brief laboratory session.

EMA Design
Personal digital assistants (PDAs) were used for
EMA. Participants carried the PDA for 14 days.
A combination of an interval-contingent and
event-contingent design was used measure the
functions of NSSI acts. Participants were
prompted to fill out reports twice a day (at mid-
day and end-of day) on NSSI. Participants were
also instructed to self-initiate an entry whenever
they experienced a self-injurious thought or behav-
ior. All EMA data were collected with SymTrend.
At the end of the 14-day monitoring period, partic-
ipants were paid $100 or were allowed to instead
keep the PDA if their compliance with the signal
contingent entries exceeded 80%.

EMA Measures
In the EMA protocol, NSSI was defined for partic-
ipants as “harming yourself without wanting to
die.” If participants responded that they had
engaged in NSSI, they were then asked, to “Indi-
cate why you did the behavior.” Participants could
select one or more of the following options: “Rid
of thought/feeling” (ANR), “Feel something”
(APR), “Escape task/people” (SNR), “To commu-
nicate” (SPR), and “Other.”

study 3: adults with a history of
suicidal behavior

Participants
Participants were drawn from an initial sample of
54 adults who attempted suicide in the year before
data collection began as part of larger IRB-
approved study (Harvard University IRB 15-
1975) on variability in momentary levels of suici-
dal ideation (Kleiman et al., 2017). To be included
in the current analysis, participants had to have
engaged in an NSSI act at least three times during
the study period. The final sample consisted of 9
participants (M age = 25 years old, 78% female).

Recruitment
Participants were recruited from forums relating to
self-harm or suicide on the website Reddit. Partic-
ipants completed a series of screening forms to
determine eligibility and provided informed con-
sent online. The inclusion criteria for the study
was the presence of at least one suicide attempt
ariability in the Functions of Nonsuicidal Self-Injury: Evidence
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in the past year, fluency in English, age of at least
18 years, and regular access to an Android or
iPhone smartphone.

EMA Design
The EMA period was 28 days long. The study used
an event-contingent design to record NSSI acts.
Participants were told to self-initiate an entry
whenever they experienced an NSSI urge or
engaged in an NSSI act. All data were collected
with the mEMA software (www.ilumivu.com)
designed for Android and iOS smartphones. Par-
ticipants received up to $50 for the study.

EMA Measures
In the EMA protocol, NSSI was defined as “hurt-
ing yourself without wanting to die.” If partici-
pants reported an NSSI act, they were asked to
“indicate how strong each reason was for hurting
yourself without wanting to die” and were pro-
vided the following reasons: “to get rid of bad feel-
ings” (ANR), “to feel something because I felt
numb or empty” (APR), “to get out of doing some-
thing or to get away from others” (SNR), and “to
communicate with someone else or to get atten-
tion, revenge, or a reaction” (SPR). The strength
of each function was rated on 1 (not strong [in-
tense] at all) to 5 (very strong [intense]) scale.

analytic strategy

To examine question one (generalizability), we
computed between-person intraclass correlations
(ICC) for each NSSI function (ANR, APR, SNR,
SPR). The ICC is an index of the proportion of
variance due to between-person versus within-
person differences. A higher ICC value indicates
less within-person variability and more between-
person variability. Various methods exist for esti-
mating ICC exist (Wu et al., 2012). We estimated
ICC with mixed effects models. For binary vari-
ables, we used logistic mixed effects models with
the lme4 package (Bates et al., 2015). For contin-
uous variables, we used linear mixed effects mod-
els with the lme4 package. ICC were calculated
with the performance package (Lüdecke et al.,
2021). One set of widely cited guidelines (Koo &
Li, 2016) proposes that an ICC below 0.5 is low,
between 0.5 and .75 is moderate, and between
.76 to 1 is high.

We also quantified generalizability by comput-
ing overall function diversity scores for each par-
ticipant. Diversity scores are quantified with the
Gini coefficient which was computed with the ineq
R package (Zeileis & Kleiber, 2014). Binary vari-
ables required no transformation to compute a
Gini coefficient. For continuous variables, we
transformed them into binary variables. We
lease cite this article as: Coppersmith, Bentley, Kleiman et al., Varia
rom Three Real-Time Monitoring Studies, Behavior Therapy, https:/
recoded we recode values of 1 to 0 and values of
2-5 to 1. Diversity scores range from 0 to 1 with
higher values indicating more diverse system
(Benson et al., 2018). If all individuals had the
same system of functions, all individuals would
have the same GINI coefficient.

To examine question two (stability), we com-
puted two metrics of within-person variability.
For binary variables, we computed within-person
means (iMean). We coded each binary variable
as 0 = absent and 1 = present; therefore, a
within-person means represents the proportion of
observations that are in the present category. Sta-
bility could therefore either represent 1 (always
present) or 0 (always absent). For continuous vari-
ables, we computed within-person root mean
square of successive differences (RMSSD) (von
Neumann et al., 1941) for each NSSI function
(ANR, APR, SNR, SPR). RMSSD is a measure of
variability from observation to observation.
Therefore, a higher RMSSD value would indicate
generally more within-person variability and
specifically characterize variability as more fre-
quent changes in NSSI functions from episode to
episode.

To examine the co-occurrence of NSSI func-
tions, we computed basic descriptive statistics
(e.g., percentages) of NSSI acts in which single or
multiple functions were reported.

Results
In Study 1, across 7 participants, 136 NSSI acts
were reported. In Study 2, across 15 participants,
there were 86 NSSI acts. In Study 3, across 9 par-
ticipants, 49 NSSI acts were reported. Descriptive
statistics and measures of variability for each func-
tion for each study are reported in Tables 1 and 2.

how much do the functions of NSSI
acts vary between people over time?

There were several consistent between-person find-
ings. Across participants and studies, ANR was the
only function reported by every participant in
every study and by far the most frequently
endorsed function (Tables 1 and 2). The two social
functions (SNR and SPR) were endorsed less fre-
quently than the two affective functions (ANR
and APR). There were between-study differences
in the endorsement of social functions with SPR
being more frequently endorsed in Study 3 than
in Study 1 and Study 2. Data from all three studies
showed that NSSI functions varied substantially
between people over time: the majority of ICCs
for NSSI functions across studies showed moder-
ate to high between-person variability (Tables 1
and 2). Across the three studies, 27 of the 31
bility in the Functions of Nonsuicidal Self-Injury: Evidence
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Table 1
Descriptive and Variability Statistics for Nonsuicidal Self-Injury Functions (Study 1 & Study 2)

Study Variable % Endorsed ICC Mean

iMean

Range

iMean

1 ANR 95 0.77 0.90 0.33 – 1

1 ANR Intensity* - 0.70 2.11 1.07 – 3.18

1 APR 13 0.73 0.26 0 – 1

1 SPR 4 0.80 0.10 0 – 1

1 SNR 15 0.85 0.33 0 – 1

2 ANR 66 0.11 0.66 0 – 1

2 APR 27 0.30 0.32 0 – 1

2 SPR 2 NA+ 0.02 0 – 1

2 SNR 13 0.25 0.14 0 – 1

Note: Multiple functions could be endorsed at the same time. ANR = automatic negative reinforcement, APR = automatic positive

reinforcement, SPR = social positive reinforcement, SNR = social negative reinforcement.
* Measured dimensionally.
+ Cannot compute ICC because between-person variance equals zero.

Table 2
Descriptive and Variability Statistics for Nonsuicidal Self-Injury Function Intensity (Study 3)

Variable M SD Range ICC Mean RMSSD Range RMSSD

ANR 4.49 1.09 1-5 0.61 0.69 0-2.56

APR 3.13 1.57 1-5 0.40 1.67 0-4.00

SPR 1.68 1.3 1-5 0.49 1.01 0-2.83

SNR 1 0 1-1 NA+ 0 0

Note: All functions were measured dimensionally. ANR = automatic negative reinforcement, APR = automatic positive reinforcement, SPR

= social positive reinforcement, SNR = social negative reinforcement.
+ Cannot compute ICC because between-person variance equals zero.
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(87%) of the participants had different distribu-
tions of NSSI functions over time as quantified
with the Gini coefficient.

how much do the functions of nssi
acts vary within people over time?

There were several consistent within-person find-
ings. First, NSSI functions varied in how much
they changed over time. Across all three studies,
the APR function had one of the highest averages
of within-person variability (Tables 1 and 2). Sec-
ond, individuals differed in how variable their pat-
terns of functions were over time with the majority
of functions showing a wide range of iMean and
RMSSD values for ANR, APR, SNR, and SPR
(Tables 1 and 2). Third, the vast majority of indi-
viduals (84%) evidenced changes in functions
from episode to episode over time (Figure 1, Fig-
ure 2, Figure 3).

how often do the functions of nssi
acts co-occur over time?

For the first two studies, participants most often
endorsed only one function for each NSSI act. In
Study 1, only one function was endorsed for
77.9% of NSSI acts. In Study 2, only one function
Please cite this article as: Coppersmith, Bentley, Kleiman et al., V
From Three Real-Time Monitoring Studies, Behavior Therapy, ht
was endorsed in 61.6% of NSSI acts. In Study 3,
due to the dimensional measurement of functions,
the co-occurrence of functions was operationalized
as at least two function scores above a rating of 3
(i.e., the midpoint of the scale) during the same
NSSI episode. Using this operationalization, only
one function was endorsed in 57% of NSSI acts.
This means that overall, participants endorsed
more than one function at a time for 22% to
43% of NSSI episodes. ANR was the function that
co-occurred with other functions most frequently.

Discussion
The findings from this study suggest that NSSI
functions differ in how often they occur over time,
how stable versus dynamic they are, and how
likely they are to co-occur with other functions.
The reinforcement processes for NSSI appears to
be complex, multifaceted, and time-varying.

how much do the functions of nssi
vary between people over time?

Our results for overall prevalence of NSSI func-
tions are consistent with those from prior cross-
sectional and longitudinal studies, indicating that
ANR tends to be by far the most commonly
ariability in the Functions of Nonsuicidal Self-Injury: Evidence
tps://doi.org/10.1016/j.beth.2021.05.003
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FIGURE 1 Nonsuicidal Self-Injury Functions Over Time by Participant (Study 1). Note: The numbers in the gray lines are participant numbers.
The x-axis represents the NSSI episode in the study. ANR= automatic negative reinforcement, APR = automatic positive reinforcement,
SPR= social positive reinforcement, SNR = social negative reinforcement.
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endorsed function of NSSI (Bentley et al., 2014;
Taylor et al., 2018). In the current investigation,
for the studies that assessed functions on a binary
scale (Studies 1 and 2), 66 to 95% of observed
NSSI acts were enacted for ANR (with or without
other co-occurring functions). In the community-
based adult study (Study 3), which assessed func-
tions dimensionally, ANR had the highest mean
rating of the four functions. Of note, the especially
high prevalence of ANR in Study 1 may be at least
partially due to the fact that outpatients were
required to endorse ANR as a reason for engaging
in NSSI for entry into the study. The high preva-
lence of ANR across participants has potential
clinical implications. For example, if regulation
of negative affect plays a role in all or the vast
lease cite this article as: Coppersmith, Bentley, Kleiman et al., Varia
rom Three Real-Time Monitoring Studies, Behavior Therapy, https:/
majority of NSSI episodes, this would underscore
teaching adaptive emotion regulation strategies
as a key, relatively universal intervention for
reducing NSSI.

Our findings also extend earlier work on preva-
lence of NSSI functions by presenting a more
nuanced picture of the distributions of NSSI func-
tions. Our data highlight and quantify individual
differences in the functions of NSSI. For example,
certain individuals only reported the ANR func-
tion for every NSSI episode. Other participants,
however, reported a range of the different func-
tions across different NSSI episodes. Demonstrat-
ing that individual differences exist for the
functions of NSSI represents a foundational step
towards better understanding the functions of
bility in the Functions of Nonsuicidal Self-Injury: Evidence
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FIGURE 2 Nonsuicidal Self-Injury Functions Over Time by Participant (Study 2). Note: The numbers in the gray lines are participant numbers.
The x-axis represents the NSSI episode in the study. ANR= automatic negative reinforcement, APR = automatic positive reinforcement,
SPR= social positive reinforcement, SNR = social negative reinforcement.
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NSSI and highlights the potential limitations asso-
ciated with generalizing NSSI functions from one
person to the next.

how much do the functions of nssi
vary within individuals over time?

The second aim was to determine the degree to
which functions of NSSI vary within people over
time (i.e., stability of functions). There were three
main findings regarding this aim.

First, the degree of within-person variability
appears to vary by function type. Across all three
studies, the APR function had the highest average
measures of within-person variability. This sug-
gests that some functions, such as APR, may be
Please cite this article as: Coppersmith, Bentley, Kleiman et al., V
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more dynamic across time whereas other functions
(e.g., ANR) may be more static. Second, the degree
of within-person variability appears to vary across
individuals. This means that some people engage
in the same function more consistently whereas
other individuals had more variability in the func-
tions of their nonsuicidal self-injurious behavior
over time. Across all studies (except for one func-
tion in Study 3), there was a relatively wide range
of within-person variability for all functions. Once
again, this highlights the existence of individual
differences in the manifestations of NSSI functions
over time. Third, we observed that dimensional
measurement of NSSI functions appears to result
in higher levels of within-person variability,
ariability in the Functions of Nonsuicidal Self-Injury: Evidence
tps://doi.org/10.1016/j.beth.2021.05.003
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FIGURE 3 Nonsuicidal Self-Injury Function Intensity Over Time by Participant (Study 3). Note: This figure reflects intensity, not presence (as in
Studies 1 and 2) because a dimensional measure was used in this study. The numbers in the gray lines are participant numbers. The x-axis
represents the NSSI episode in the study. ANR= automatic negative reinforcement, APR = automatic positive reinforcement, SPR= social
positive reinforcement, SNR = social negative reinforcement.
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evidenced both by quantitative estimates and
visual inspection of the figures. This may suggest
that NSSI functions are better conceptualized as
a continuous phenomenon rather than binary phe-
nomena in which a function is present or absent
(Krueger & Piasecki, 2002). Further empirical
work, however, is required with more in-depth
measurement and advanced statistical modeling
(e.g., taxometrics; Ruscio et al., 2013) to deter-
mine if NSSI functions are better conceptualized
as binary or dimensional.
lease cite this article as: Coppersmith, Bentley, Kleiman et al., Varia
rom Three Real-Time Monitoring Studies, Behavior Therapy, https:/
These data advance our understanding of vari-
ability in NSSI functions as highly person- and
context-specific, thus emphasizing the importance
of idiographic research methods such as those pre-
sented here (Barlow & Nock, 2009; Bentley et al.,
2019; Molenaar & Campbell, 2009). From a treat-
ment perspective, these findings highlight the
importance of ongoing functional analysis for indi-
vidual NSSI episodes over time (Hayes et al.,
2018), and providing a range of skills/strategies
for people struggling with NSSI that can be
bility in the Functions of Nonsuicidal Self-Injury: Evidence
/doi.org/10.1016/j.beth.2021.05.003
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implemented, tailored, or prompted (perhaps
using a just-in-time adaptive intervention
approach, which we return to below; Nahum-
Shani et al., 2018) according to the function(s) of
NSSI for a given episode.

how often do the functions of nssi
co-occur over time?

Our third aim was to examine the frequency with
which functions of NSSI co-occur over time (i.e.,
co-occurrence of functions). Across the three stud-
ies, 22.1% to 42.9% of NSSI acts were enacted for
more than one function. To our knowledge this is
the first time that function co-occurrence (in indi-
vidual NSSI episodes) has been demonstrated
empirically. This finding has important clinical
implications. Individuals who endorse multiple
functions within a given NSSI episode would likely
need to learn and practice both emotion manage-
ment and interpersonal skills. Dialectical Behavior
Therapy (DeCou et al., 2019) and Interpersonal
Therapy (Lipsitz & Markowitz, 2013) are two
therapeutic frameworks that include both emotion
management and interpersonal strategies, and thus
may be effective at reducing NSSI for individuals
who report multiple NSSI functions. Additionally,
the co-occurrence of ANR with other functions
was the most common pattern across all three
studies. This begs the question of whether social
functions (i.e., reinforcement processes) for engag-
ing in NSSI may be in part driven by (or at least
associated with) underlying deficits in emotion reg-
ulation. Additionally, and as previously noted, this
finding may point to teaching adaptive emotion
management skills as an optimal (e.g., most time-
efficient and universally relevant) intervention for
reducing NSSI. There is still a need, however, for
further research on the individual and situational
factors that influence whether a person engages
in NSSI for multiple functions or one function.

These results and the corresponding clinical
implications must be considered in the context of
several limitations. First, functions were exclu-
sively assessed via self-report as opposed to more
objective passive measures (e.g., physiological
indicators of psychological arousal before/during/
after NSSI) (Raugh et al., 2019). Though EMA is
an improvement on traditional from retrospective
self-report measures, it doesn’t eliminate recall
bias, impression management, or mood congruent
reporting. Second, there were variable assessment
methods across different studies, limiting the
degree to which we could make direct cross-
study comparisons. Third, there were relatively
small sample sizes. Fourth, the level of potential
reactivity to EMA (Calamia, 2019) is unknown
Please cite this article as: Coppersmith, Bentley, Kleiman et al., V
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within the context of NSSI. Finally, we did not
measure the function of self-punishment, which
is another frequently reported function of NSSI
(Burke et al., 2021).

Despite these limitations, this study has key
strengths that maximize its incremental contribu-
tion to the existing literature on NSSI and NSSI
functions. We present data from three distinct
samples (outpatients, community-based adoles-
cents, and community-based adults), thus allowing
us to to examine individual and temporal granu-
larity in functions in a range of samples. Further-
more, by including only actively self-injuring
participants, we were able to observe a relatively
large overall number of NSSI acts (271) across a
relatively small number of participants (31) and
relatively short time frames (2 to 20 weeks),
thereby maximizing the richness of captured infor-
mation on NSSI functions. Finally, as previously
described, each of these studies employed EMA
to assess phenomena of interest, which allowed
for this never-before-available fine-grained, idio-
graphic analysis of the variability in NSSI func-
tions over time. This represents an important
extension of previous work on NSSI functions,
which is limited to either cross-sectional designs
or (only more recently and for very few studies)
longitudinal research with small numbers of retro-
spective assessments over extended periods of time
(Taylor et al., 2018).

This investigation also sets the stage for several
key directions for future work. As alluded to
above, studies that incorporate objective, continu-
ous, behavioral real-time measures may provide
more specific insights into the functions of NSSI
(Onnela & Rauch, 2016; Raugh et al., 2019). This
line of research would not only have the potential
to reveal important classes (or phenotypes) of
NSSI functionality, but may also facilitate ongoing
assessment and functional analysis of NSSI within
a treatment context (Bentley et al., 2017; Hayes
et al., 2018). There is increasing interest in the
development and testing of real-time (or just-in-
time adaptive) interventions for a variety of behav-
ioral and psychological phenomena (Nahum-Shani
et al., 2018). It can be difficult for people to recall
and correctly use skills learned in traditional or in-
person therapy when in distress (Zieve et al.,
2019). Distress is especially heightened before
NSSI (Armey et al., 2011), and NSSI tends to work
in the short-term to reduce distress (Hepp et al.,
2020), as evidenced by the frequency endorsement
of ANR in this study. Real-time “reminders” and
supports to facilitate specific emotion regulation
skills practice (e.g., opposite action, relaxation,
distraction) when it is needed the most (e.g., when
ariability in the Functions of Nonsuicidal Self-Injury: Evidence
tps://doi.org/10.1016/j.beth.2021.05.003
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distress is high) may be needed. Real-time inter-
ventions via smartphones, then, could help people
access the skills previously learned in in-person
therapy when they need them. Given that the find-
ings from this study suggest that the functions of
NSSI vary over time, different skills may be needed
at different levels (and contexts; e.g., contributing
situational factors) of distress. Therefore, person-
alized interventions that target the functions of
NSSI in real-time, when they are most needed,
could be effective in reducing NSSI (Coppersmith
et al., 2021).

Thus, new technologies and experimental
designs hold the potential for more detailed
descriptions of the functions of NSSI and novel
interventions to target them. Given the clinically
serious nature and alarmingly high prevalence of
NSSI, improved approaches to assessment and
treatment of this behavior could have a significant
public health impact.
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Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015).
Fitting linear mixed-effects models using lme4. Journal of
Statistical Software, 67(1), 1–48. https://doi.org/10.18637/
jss.v067.i01.

Benson, L., Ram, N., Almeida, D. M., Zautra, A. J., & Ong,
A. D. (2018). Fusing biodiversity metrics into investiga-
tions of daily life: Illustrations and recommendations with
emodiversity. The Journals of Gerontology: Series B, 73(1),
75–86. https://doi.org/10.1093/geronb/gbx025.

Bentley, K. H., Kleiman, E. M., Elliott, G., Huffman, J. C., &
Nock, M. K. (2019). Real-time monitoring technology in
single-case experimental design research: Opportunities
and challenges. Behaviour Research and Therapy, 117,
87–96. https://doi.org/10.1016/j.brat.2018.11.017.

Bentley, K. H., Nock, M. K., & Barlow, D. H. (2014). The
Four-function model of nonsuicidal self-injury: Key direc-
lease cite this article as: Coppersmith, Bentley, Kleiman et al., Varia
rom Three Real-Time Monitoring Studies, Behavior Therapy, https:/
tions for future research. Clinical Psychological Science, 2
(5), 638–656. https://doi.org/10.1177/
2167702613514563.

Bentley, K. H., Nock, M. K., Sauer-Zavala, S., Gorman, B. S.,
& Barlow, D. H. (2017). A functional analysis of two
transdiagnostic, emotion-focused interventions on nonsui-
cidal self-injury. Journal of Consulting and Clinical Psy-
chology, 85(6), 632–646. https://doi.org/10.1037/
ccp0000205.

Braga, R. M., & Buckner, R. L. (2017). Parallel interdigitated
distributed networks within the individual estimated by
intrinsic functional connectivity. Neuron, 95(2), 457–471.
e5. https://doi.org/10.1016/j.neuron.2017.06.038.

Brown, T. A., & Barlow, D. H. (2014). Anxiety and related
disorders interview schedule for DSM-5� (1st ed.). Oxford
University Press.

Burke, T. A., Fox, K., Kautz, M., Siegel, D. M., Kleiman, E.,
& Alloy, L. B. (2021). Real-time monitoring of the
associations between self-critical and self-punishment cog-
nitions and nonsuicidal self-injury. Behaviour Research and
Therapy, 137. https://doi.org/10.1016/j.brat.2020.103775
103775.

Calamia, M. (2019). Practical considerations for evaluating
reliability in ambulatory assessment studies. Psychological
Assessment, 31(3), 285–291. https://doi.org/
10.1037/pas0000599.

Coppersmith, D. D. L., Dempsey, W., Kleiman, E., Bentley,
K., Murphy, S., & Nock, M. (2021). Just-in-Time Adaptive
Interventions for Suicide Prevention: Promise, Challenges,
and Future Directions. PsyArXiv. https://doi.org/10.31234/
osf.io/eg9fx.

DeCou, C. R., Comtois, K. A., & Landes, S. J. (2019).
Dialectical behavior therapy is effective for the treatment of
suicidal behavior: A meta-analysis. Behavior Therapy, 50
(1), 60–72. https://doi.org/10.1016/j.beth.2018.03.009.

Ebner-Priemer, U. W., Eid, M., Kleindienst, N., Stabenow, S.,
& Trull, T. J. (2009). Analytic strategies for understanding
affective (in)stability and other dynamic processes in
psychopathology. Journal of Abnormal Psychology, 118
(1), 195–202. https://doi.org/10.1037/a0014868.

Favazza, A. R., & Favazza, B. (1987). Bodies under siege: Self-
mutilation in culture and psychiatry. Johns Hopkins
University Press.

Fisher, A. J., Medaglia, J. D., & Jeronimus, B. F. (2018). Lack
of group-to-individual generalizability is a threat to human
subjects research 201711978. Proceedings of the National
Academy of Sciences. https://doi.org/10.1073/
pnas.1711978115.

Fisher, A. J., & Newman, M. G. (2016). Reductions in the
diurnal rigidity of anxiety predict treatment outcome in
cognitive behavioral therapy for generalized anxiety disor-
der. Behaviour Research and Therapy, 79, 46–55. https://
doi.org/10.1016/j.brat.2016.02.006.

Hamaker, E. L. (2012). Why researchers should think “within-
person”: A paradigmatic rationale. In Handbook of
research methods for studying daily life (pp. 43–61).
Guilford Press.

Hamza, C. A., & Willoughby, T. (2015). Nonsuicidal self-
injury and affect regulation: Recent findings from experi-
mental and ecological momentary assessment studies and
future directions. Journal of Clinical Psychology, 71(6),
561–574. https://doi.org/10.1002/jclp.22174.

Hayes, S. C., Hofmann, S. G., Stanton, C. E., Carpenter, J. K.,
Sanford, B. T., Curtiss, J. E., & Ciarrochi, J. (2018). The
role of the individual in the coming era of process-based
therapy. Behaviour Research and Therapy. https://doi.org/
10.1016/j.brat.2018.10.005.
bility in the Functions of Nonsuicidal Self-Injury: Evidence
/doi.org/10.1016/j.beth.2021.05.003

https://doi.org/10.1186/1753-2000-6-11
https://doi.org/10.1186/1753-2000-6-11
https://doi.org/10.1016/j.beth.2011.01.002
https://doi.org/10.1016/j.beth.2011.01.002
https://doi.org/10.1111/j.1745-6924.2009.01088.x
https://doi.org/10.1111/j.1745-6924.2009.01088.x
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0025
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0025
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0025
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1093/geronb/gbx025
https://doi.org/10.1016/j.brat.2018.11.017
https://doi.org/10.1177/2167702613514563
https://doi.org/10.1177/2167702613514563
https://doi.org/10.1037/ccp0000205
https://doi.org/10.1037/ccp0000205
https://doi.org/10.1016/j.neuron.2017.06.038
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0060
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0060
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0060
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0060
https://doi.org/10.1016/j.brat.2020.103775
https://doi.org/10.1037/pas0000599
https://doi.org/10.1037/pas0000599
https://doi.org/10.1016/j.beth.2018.03.009
https://doi.org/10.1037/a0014868
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0090
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0090
http://refhub.elsevier.com/S0005-7894(21)00071-X/h0090
https://doi.org/10.1073/pnas.1711978115
https://doi.org/10.1073/pnas.1711978115
https://doi.org/10.1016/j.brat.2016.02.006
https://doi.org/10.1016/j.brat.2016.02.006
https://doi.org/10.1002/jclp.22174
https://doi.org/10.1016/j.brat.2018.10.005
https://doi.org/10.1016/j.brat.2018.10.005
https://doi.org/10.1016/j.beth.2021.05.003


12 copper sm i th et al .
Hepp, J., Carpenter, R. W., Störkel, L. M., Schmitz, S. E.,
Schmahl, C., & Niedtfeld, I. (2020). A systematic review of
daily life studies on non-suicidal self-injury based on the
four-function model. Clinical Psychology Review, 82.
https://doi.org/10.1016/j.cpr.2020.101888 101888.

Houben, M., Van, W. D. N., & Kuppens, P. (2015). The
relation between short-term emotion dynamics and psy-
chological well-being: A meta-analysis. Psychological Bul-
letin, 141(4), 901–930. https://doi.org/10.1037/a0038822.

Kleiman, E. M., & Nock, M. K. (2018). Real-time assessment
of suicidal thoughts and behaviors. Current Opinion in
Psychology, 22, 33–37. https://doi.org/10.1016/
j.copsyc.2017.07.026.

Kleiman, E. M., Turner, B. J., Fedor, S., Beale, E. E., Huffman,
J. C., & Nock, M. K. (2017). Examination of real-time
fluctuations in suicidal ideation and its risk factors: Results
from two ecological momentary assessment studies. Jour-
nal of Abnormal Psychology, 126(6), 726–738. https://doi.
org/10.1037/abn0000273.

Kleiman, E. M., Turner, B. J., Fedor, S., Beale, E. E., Picard, R.
W., Huffman, J. C., & Nock, M. K. (2018). Digital
phenotyping of suicidal thoughts. Depression and Anxiety,
35(7), 601–608. https://doi.org/10.1002/da.22730.

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and
reporting intraclass correlation coefficients for reliability
research. Journal of Chiropractic Medicine, 15(2),
155–163. https://doi.org/10.1016/j.jcm.2016.02.012.

Krueger, R. F., & Piasecki, T. M. (2002). Toward a dimen-
sional and psychometrically-informed approach to concep-
tualizing psychopathology. Behaviour Research and
Therapy, 40(5), 485–499. https://doi.org/10.1016/S0005-
7967(02)00016-5.

Lipsitz, J. D., & Markowitz, J. C. (2013). Mechanisms of
Change in Interpersonal Therapy (IPT). Clinical Psychol-
ogy Review, 33(8), 1134–1147. https://doi.org/10.1016/j.
cpr.2013.09.002.
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