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Abstract

Sudden gains are large and stable changes on an outcome variable between consecutive

measurements, for example during a psychological intervention with multiple assessments.

Researching these occurrences could help understand individual change processes in

longitudinal data. Tang and DeRubeis (1999) suggested three criteria to define sudden gains

in psychological interventions. However, identifying sudden gains based on these criteria can

be time consuming and prone to errors if not fully automated. Further, methodological

decisions such as how missing data, or multiple gains, are handled vary across studies and

are reported with different levels of detail. These problems limit the comparability of

individual studies and make it hard to understand or replicate the exact methods used. The

R package suddengains provides a set of tools to facilitate sudden gains studies by

automating their identification, adjusting for missing data, and providing descriptive

statistics as well as exportable data files for further analysis.

Keywords: sudden gains, sudden losses, R, mechanisms of change, processes of change,

psychological therapy, longitudinal analysis, single case designs
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suddengains: An R package to identify sudden gains in longitudinal data

Introduction

A sudden gain is a large and stable change in an outcome variable experienced by an

individual participant between two consecutive measurement points of a longitudinal data

series. They were first defined and investigated by Tang and DeRubeis (1999), who

examined session by session changes in depression symptoms among participants

undertaking cognitive behavioural therapy. The majority of sudden gains studies to date

have been in relation to psychological therapies for depression and anxiety (see Aderka,

Nickerson, Boe, & Hofmann, 2012), but the analytic approach could be applied to any

longitudinal dataset with regular repeated measurement, usually monitoring the impact of

an intervention. In a meta-analysis of 16 studies (total N = 1104), Aderka et al. (2012)

found that experiencing a sudden gain was associated with better overall clinical outcomes at

the end of treatment and at follow-up compared to those who did not experience gains.

Given this potential clinical significance, the study of sudden gains may be informative in

understanding when and why people experience such large improvements, which could help

to increase the efficacy and efficiency of the intervention.

Identification of sudden gains

Following Tang and DeRubeis (1999), the three criteria used to identify sudden gains

are (see also Tang, DeRubeis, Beberman, & Pham, 2005):

1. The gain must be large in absolute terms. While this was originally operationalised as

a decrease of at least 7 points on the Beck Depression Inventory (BDI; Beck & Steer,

1993), subsequent studies have used the reliable change index (RCI; Jacobson & Truax,

1991) of the scale to define an appropriate cut-off (see Stiles et al., 2003), following the
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formulae below1 :

RCI = pre - post
Sdiff

Sdiff =
√

2× (SE)2

SE = s1
√

1− rxx adapted to: SE = SDpre
√

1− αpre

Cut-off value = RCI× 1.96

2. The gain must be large in relative terms. This is defined as a drop of at least 25% of

the previous score.

3. The gain must be large relative to symptom fluctuation. The difference between the

mean scores of three measurements before the gain, and the three measurements after

the gain, must be greater than the pooled standard deviation of these two groups times

2.776 (i.e. the two-tailed critical t value for α = 0.05 and df = 4).

Missing data

Missing data around the period of a potential sudden gain need to be considered

carefully, as depending on the number and distribution of missing datapoints for an

individual, it may not be possible to calculate sudden gains. Specifically, in order to estimate

the standard deviation values in criterion 3, at least two of the three measurements

immediately prior to the gain must be present, as well as at least two of the three

measurements immediately following the gain. The critical t values used in criterion 3 can be

adjusted for missingness as follows (e.g., Lutz et al., 2013): Where no data are missing

1 The RCI formula was modified following Stiles et al. (2003) so that all statistics could be extracted from

the sample data. The standard deviation of the normal population (s1) is substituted with the standard

deviation of the clinical sample at baseline (SDpre), and the test-retest reliability (rxx) with the internal

consistency at baseline (Cronbach’s αpre).
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t(4;97.5%) > 2.776; where one datapoint is missing either before or after the gain t(3;97.5%) >

3.182; and where one datapoint is missing both before and after the gain t(2;97.5%) > 4.303.

Terminology

The naming of specific sessions (or measurement points) around the gain follows the

convention that the session immediately prior to the gain is session N (also known as the

pregain session), and the session immediately after is session N+1 (or postgain session).

Other sessions are referred to in relation to session N (e.g. N-2, N+3 ).

Reversals

According to Tang and DeRubeis (1999) a sudden gain is counted as reversed if 50% of

the improvement made during the gain was lost at any subsequent point. For example,

where the sudden gain represents a drop in score from 40 to 30 points, the gain is classed as

having reversed if a score of 35 or more is observed at any later session.

Sudden losses

Although less frequently studied than sudden gains, sudden losses represent the inverse

phenomenon, where a participant shows a large and stable increase of scores on the outcome

variable. While some authors use the inverse criteria of the sudden gains (e.g., Krüger et al.,

2014; Lutz et al., 2013), others adjust the percentage threshold of the second criterion (e.g.

33% in König, Karl, Rosner, & Butollo, 2014).
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Why is a package needed?

As indicated by the criteria above, identifying sudden gains requires the application of

each of the three criteria to each session to session interval, and that this is performed for

each individual in a given dataset. A large number of calculations and extensive

manipulation of data is therefore involved, particularly in larger datasets. Doing these data

manipulations manually (e.g. in Excel) can be extremely time consuming and lead to errors.

It also means that certain methodological decisions, such as the handling of missing data, or

of participants with multiple gains, may not be addressed sufficiently or in a consistent way

across studies. It is hoped that the use of the suddengains package will provide faster and

more accurate calculations, as well as offering a transparent and consistent method to

address these methodological considerations.

Functions of the suddengains package

The suddengains package provides a set of functions to calculate the presence of

sudden gains (and sudden losses) within a longitudinal dataset, and to provide basic plots

and descriptive statistics of the gains. It can also extract scores on secondary outcome or

process measures around the period of each gain. Output files (in SPSS, Excel, or CSV

formats) arranged by individual gain, or by person can be generated for further analyses in

other programs. Table 1 lists and describes the main functions.
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Worked example

This demonstration uses an example dataset2 that was created to illustrate the

functions of this package. The data show self-report weekly questionnaire scores for 43

participants who have received psychological therapy for depression. The intervention lasted

for 12 sessions, and each participant completed a set of outcome measures at the beginning

of each session, including the BDI (Beck & Steer, 1993) and a fictional secondary measure

assessing rumination (RQ).

Preparation of data

The data to be analysed for sudden gains are arranged in wide format i.e. one row per

participant, and one column for each questionnaire score at each measurement point. A

unique identifier variable also needs to be included. The optional select_cases() function

can be used to determine cases that may need to be excluded, for example where very few

sessions were attended, or where the pattern of missing data is such that it would not be

possible to identify any sudden gains (see Table A1).

Identification of sudden gains

The identify_sg() function applies the sudden gains criteria as specified by the user

to each session to session interval in the dataset. As shown below, the user specifies: data,

the dataset to use in wide format; sg_crit1_cutoff, the cutoff value to use for criterion 1

(which can be entered manually or calculated using the define_crit1_cutoff() function);

sg_crit2_pct, the percentage change value to use for criterion 2 (25% by default);

sg_crit3, whether or not to apply the third criterion (TRUE by default); id_var_name, the

2 The name of the example dataset is sgdata. The data will be loaded together with the R package using

library(suddengains).
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name of the unique identifier variable within the dataset; and sg_var_list, a list of the

variables representing the span of sessions to be analysed, which is sessions 1 to 12 in this

example. Additional options to customise this analysis are discussed in the package

documentation. An alternative function, identify_sl(), is identical to identify_sg()

but applies the criteria in the inverse direction to calculate “sudden losses”.

# First, load the suddengains R package

# See author notes for a link to package installation instructions

library(suddengains)

# Identify sudden gains in the dataset 'sgdata':

identify_sg(data = sgdata,

sg_crit1_cutoff = 7,

sg_crit2_pct = 0.25,

sg_crit3 = TRUE,

id_var_name = "id",

sg_var_list = c("bdi_s1", "bdi_s2", "bdi_s3", "bdi_s4",

"bdi_s5", "bdi_s6", "bdi_s7", "bdi_s8",

"bdi_s9", "bdi_s10", "bdi_s11", "bdi_s12"))

The output shows each between-session interval, for example sg_2to3, with sudden

gains indicated by a value of 1. To permit further analysis of our data, we wish to obtain an

output dataset containing both the original data and the newly identified sudden gains. As

participants may experience more than one gain, as in the present example, and to allow for

different subsequent analyses, the package provides two options for output datasets: The

create_bysg() function creates a dataset structured with one row per sudden gain, and the

create_byperson() function creates a dataset structured with one row per person,

indicating whether or not they experienced a sudden gain. The create_bysg() function is

shown below. The tx_start_var_name and tx_end_var_name arguments are used to specify



R PACKAGE TO IDENTIFY SUDDEN GAINS 11

the start and end of treatment (tx) variables, and sg_measure_name specifies the name of

the measure used to calculate sudden gains. To continue working in another program

(e.g. SPSS, STATA, Excel) the functions write_bysg() and write_byperson() can be

used to export the datasets created in R (R Core Team, 2018) as .sav, .dta, .xlsx, or .csv files.

# Create output dataset with one row per sudden gain

# and save as an object called "bysg" to use later

bysg <- create_bysg(data = sgdata,

sg_crit1_cutoff = 7,

sg_crit2_pct = 0.25,

sg_crit3 = TRUE,

id_var_name = "id",

tx_start_var_name = "bdi_s1",

tx_end_var_name = "bdi_s12",

sg_var_list = c("bdi_s1", "bdi_s2", "bdi_s3",

"bdi_s4", "bdi_s5", "bdi_s6",

"bdi_s7", "bdi_s8", "bdi_s9",

"bdi_s10", "bdi_s11", "bdi_s12"),

sg_measure_name = "bdi")

Analysis of sudden gains

In this example, we have calculated sudden gains based on depression scores using the

BDI. In analysing these gains, we are interested in how rumination scores on the fictional

RQ measure change around the period of the sudden gains in depression. The

extract_values() function extracts the RQ values from the three sessions before (N-2,
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N-1, N ) and the three sessions after (N+1, N+2, N+3 ) each depression sudden gain.3 This

function can be applied to either the bysg or byperson dataset. By default the extracted

values will be added as new variables to the dataset used. Here we demonstrate applying this

function to the bysg dataset, as shown in the code below. First, the RQ variables are added

to the bysg dataset. Second, the extract_values() function is applied. Note that the list

of RQ variables included in the extract_var_list argument must match those used for the

sg_var_list argument used previously in the create_bysg() function. This means that

the number of variables in these lists has to be identical and measured at the same time

points. The output can be saved as a new object, or the existing bysg object can be

overwritten, as in this example. The RQ scores now in the bysg dataset can be examined,

for example to look at the temporal relationship between changes in rumination and changes

in depression symptoms.

# 1. Select the ID and variables from a second measure

sgdata_rq <- dplyr::select(sgdata,

"id",

"rq_s1", "rq_s2", "rq_s3",

"rq_s4", "rq_s5", "rq_s6",

"rq_s7", "rq_s8", "rq_s9",

"rq_s10", "rq_s11", "rq_s12")

# 2. Add the variables in 'sgdata_rq' to the 'bysg' dataset created earlier

bysg <- dplyr::left_join(bysg, sgdata_rq, by = "id")

# 3. Extract values on the second measure around the sudden gain

bysg <- extract_values(data = bysg,

3 Note that in code, we refer to these sessions as sg_bdi_2n, sg_bdi_1n, sg_bdi_n, sg_bdi_n1,

sg_bdi_n2, and sg_bdi_n3, respectively.
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id_var_name = "id_sg",

extract_var_list = c("rq_s1", "rq_s2", "rq_s3",

"rq_s4", "rq_s5", "rq_s6",

"rq_s7", "rq_s8", "rq_s9",

"rq_s10", "rq_s11", "rq_s12"),

extract_measure_name = "rq",

add_to_data = TRUE)

The describe_sg() function provides descriptive statistics about the sudden gains

based on the variables from the bysg and byperson datasets. For the present example, this

function indicates that 16 of the 43 participants experienced a sudden gain, and 9

experienced more than one gain, leading to a total of 26 sudden gains within the data.

Information on the mean gain magnitude and reversals is also provided.

The plot_sg() function plots the “average” sudden gain, and can be used to show the

primary or secondary outcome measure data (Figure 1). The sg_pre_post_var_list

argument specifies the pregain and postgain variables to be plotted, namely sessions N-2 to

N+3. This function is built using the R-package ggplot2 (Version 3.1.1; Wickham, 2016) and

additional ggplot2 functions can be added to the plot. It is also possible to plot the average

gain magnitude of different groups (e.g. two treatment arms in a trial) in one figure by using

the optional group argument (see Figure A1). An additional function,

plot_sg_trajectories(), is available to plot the trajectories of individuals within the

dataset (see Figure A2). This function can be paired with a filter command (e.g. filter()

from R-package dplyr (Version 0.8.0.1; Wickham, François, Henry, & Müller, 2018)) to

visualise trajectories of specific groups of participants. For example, all participants with

more than one sudden gain, or all participants with a sudden gain between sessions 3 and 4

(see Figure A3).
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# Create average sudden gain plot for BDI data (see Figure 1a):

plot_sg(data = bysg,

tx_start_var_name = "bdi_s1",

tx_end_var_name = "bdi_s12",

sg_pre_post_var_list = c("sg_bdi_2n", "sg_bdi_1n", "sg_bdi_n",

"sg_bdi_n1", "sg_bdi_n2", "sg_bdi_n3"),

ylab = "BDI")
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40

Start N−2 N−1 N N+1 N+2 N+3 End
Session

B
D

I

a

10

20
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40

Start N−2 N−1 N N+1 N+2 N+3 End
Session

R
Q

b

Figure 1 . (a) Average gain magnitute on the BDI and (b) average change in rumination

(RQ) around the time of the sudden gain on BDI for all sudden gains.

Summary

The analysis of sudden gains provides a detailed examination of individuals’

trajectories of change during the course of an intervention, and may help to understand

processes of change. The suddengains package aims to facilitate the computation of gains,

which can be laborious and error-prone. It also aims to address methodological issues such

as adjusting for missing data and handling participants with multiple gains. Further
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technical details of the package can be found at

https://github.com/milanwiedemann/suddengains, and in the package documentation. The

present examples refer to package version 0.2.1. Readers are also welcome to contact the

authors via email or GitHub at https://github.com/milanwiedemann/suddengains/issues.

https://github.com/milanwiedemann/suddengains
https://github.com/milanwiedemann/suddengains/issues
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Appendix
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Table A1

Minimum available data patterns required to

identify sudden gains.

xi xi+1 xi+2 xi+3 xi+4 xi+5

Pattern 1 • •n • • ◦ ◦

Pattern 2 • •n • ◦ • ◦

Pattern 3 • ◦ •n • • ◦

Pattern 4 • ◦ •n • ◦ •

Note. xi to xi+5 represent the scores on the

measure used to identify sudden gains at time

point i and the subsequent five measurement

points. • represents available data; •n represents

available data to be considered as the possible

pregain session; ◦ represents missing data.

10

20

30
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Start N−2 N−1 N N+1 N+2 N+3 End
Session

B
D

I

Group

Treatment A

Treatment B

Figure A1 . Average gain magnitude on the BDI for two different treatments.
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Figure A2 . Trajectories of BDI scores for a selection of individual cases.
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Figure A3 . Trajectories of BDI scores for all participants with a sudden gain between sessions

3 and 4.
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