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Abstract:

Mobile health interventions represent a scalable and accessible alternative to traditional
therapy, which often is out of reach due to high costs and societal stigma. Rumination is
considered a key mechanism of emotional disorders and represents a potential treatment target
for digital health interventions. The current study investigated the role of rumination as a
mediator of the reduction in depression and anxiety reported after the use of a gamified mobile
app based on the Facilitating Thought Progression (FTP) framework. One hundred-one adults
with mild to moderate depression were randomized to the FTP intervention or a waitlist control
group and completed weekly assessments of depression, anxiety, and rumination over 8 weeks.
Multilevel structural equation modeling revealed that reduction in rumination significantly
mediated decreases in depression and anxiety in the intervention group but not in the waitlist
condition. These findings suggest that the FTP app targeted rumination and further highlights its
role as a critical target for interventions for depression and anxiety.



Introduction:

Depression and anxiety are prevalent mental health disorders affecting millions worldwide.
Globally, the total estimated number of people living with depression is 322 million, while the
estimated total of people living with anxiety disorders is 264 million (World Health
Organization, 2017). Depressive disorders rank as the largest contributor to non-fatal health loss
globally, leading to over 50 million Years Lived with Disability (YLD), while anxiety disorders
rank sixth globally, leading to 24.6 million YLD (World Health Organization, 2017). Evidence-
based treatments for emotional disorders, such as depression and anxiety, exist (Wampold et al.,
2011; Linardon et al., 2019, 2024); however, approximately 70% of individuals in the United
States face challenges in accessing these interventions or deriving full benefits from them
(Kazdin, 2017). Factors such as limited availability of direct mental health services, financial
constraints, and social stigma contribute to the treatment gap (Mongelli et al., 2020; Kazdin,
2017). This treatment gap underscores the need for alternative approaches that are scalable,
accessible, and effective in addressing the mental health needs of diverse populations. Mobile
health (mHealth) apps overcome some of the common barriers to receiving treatment faced by
individuals with mental health problems, offering a promising avenue for delivering scalable and
accessible interventions for depression and anxiety. Given that most individuals have adopted the
use of smartphones (Pew Research Center, 2024), mHealth apps offer the convenience of
continuous access, thereby potentially increasing accessibility and adherence to evidence-based
interventions. This capability holds promise for bridging the gap in mental health care and
ultimately improving outcomes for individuals living with depression and anxiety (Kim et al.,
2022; Firth et al., 2017). Most common mental health apps have been developed by exporting
the content of in-person, evidence-based treatments, with mixed results. Conversely, some apps
have opted to target directly the underlying mechanisms of emotional disorders (Torous et al.,
2018).

Rumination, defined as a thought pattern that circulates around the same topic repeatedly and
persistently, is considered a transdiagnostic factor and may be a promising target of mHealth
interventions for emotional disorders (McLaughlin & Nolen-Hoeksema, 2011). Its role in the
risk, onset, maintenance, and severity of depression has been extensively investigated and
supported (Just & Alloy, 1997; Nolen-Hoeksema et al., 2008; Petwal et al., 2023). In the context
of depression, rumination is often characterized by a repetitive focus on depressive symptoms,
their causes, and resulting consequences (Nolen-Hoeksema et al., 2008). Among individuals with
depression a ruminative thought pattern, may constrict the progression of thought and, thus,
lower mood (Bar, 2009; Harel et al., 2016). Rumination is also a hallmark of anxiety disorders.
Specifically, higher levels of this type of repetitive negative thinking (RNT) are implicated in the
risk, onset, and severity of anxiety disorders (Petwal et al., 2023; Segerstrom et al., 2000;
Watkins & Roberts, 2020). Moreover, longitudinal work in adults suggests that rumination may
help account for the prospective association between depression and later anxiety, as well as
between anxiety and later depression (McLaughlin & Nolen-Hoeksema, 2011). Taken together,
these findings support the view that rumination is a transdiagnostic factor that cuts across
depression and anxiety and may contribute to their co-occurrence and maintenance. Ruminative
thought patterns may affect mood by hindering cognitive processes conducive to expansive
thinking, such as associative cognition, which fosters broader contextual connections (Bar, 2009;
Harel et al., 2016). Notably, evidence suggests that increased associative thinking may explain
mood differences between healthy and depressed individuals (Harel et al., 2016). Additionally,



studies have found that positive mood widens the range of conceptual associations (Isen &
Daubman, 1984; Isen et al., 1985). The connection between mood and associative thinking
suggests that interventions that facilitate thought patterns to be broader and more expansive may
be beneficial for treating emotional disorders.

Consistently, our group developed a gamified app based on the Facilitating Thought
Progression (FTP) framework, a novel cognitive neuroscience approach for mood and depression
that posits that thought patterns are connected to mood and that persistent rumination is
associated with low mood (Bar & Baror, 2026). Facilitating Thought Progression (FTP) is a
cognitive framework based on the idea that mood is shaped not only by what individuals think
about, but also by how thoughts unfold over time. Prior theoretical work has proposed that
depression is associated with narrow, repetitive, and slowed patterns of thought, whereas more
adaptive mental states are characterized by broader associative scope, greater flexibility, more
global processing, and faster movement across mental representations (Bar, 2009). Within this
framework, rumination reflects constrained and repetitive progression of thought, while broader
and more flexible associative movement may help reduce perseveration and support more
adaptive cognition. In this respect, FTP differs in important ways from more established
approaches to depression, including cognitive-behavioral therapy (CBT). CBT primarily targets
maladaptive thought content, such as negative automatic thoughts, dysfunctional beliefs, and
distorted interpretations (cite). By contrast, FTP focuses on the structure and dynamics of
thinking itself. Its goal is not to evaluate or challenge the accuracy of specific thoughts, but to
reduce the tendency for thinking to become narrow, repetitive, inflexible, and fixed. FTP-based
interventions may therefore complement CBT by targeting how thoughts progress, while CBT
targets what people are thinking.

Results from a recent randomized controlled trial showed that the FTP-based gamified app
developed by our group was associated with significant improvement in depression and anxiety
(Yatziv et al., 2024). Specifically, participants who used the FTP app for eight weeks showed
greater and faster improvement in symptoms compared with their waitlist control counterparts
(Yatziv et al., 2024). The FTP-based app was designed to enhance thought progression by
facilitating thought patterns to be more broad, global, flexible, rapid and readily expansive, and
hence reduce thought patterns that are characteristic of emotional disorders, including thought
inhibition (Bar & Baror, 2026). Rumination represents one such constrained cognitive patterns,
as it is characterized by repetitive, and constricted thinking. Thus, engagement with the FTP-
based app may reduce depressive and anxiety symptoms, in part, by decreasing rumination. The
current study examined whether improvements in depression and anxiety symptoms observed
during the 8-week gamified mobile app intervention (Yatziv et al., 2024) were mediated by
reduced rumination. It was hypothesized that, among participants using the FTP-based app, but
not among those in the waitlist group, reductions in depressive and anxiety symptoms would be
partially explained by decreased rumination.

Understanding the mechanisms mediating symptomatic improvement via the FTP app could
offer insight into how to optimize this and other treatments for depression and anxiety.
Moreover, this knowledge may help tailor interventions, provide personalized care, predict
treatment responses, and ultimately advance scientific knowledge in the field of mental health,
specifically within the mHealth literature. This study extends the literature by testing whether an
intervention designed to alter the progression and flexibility of thought can reduce rumination



and, in turn, improve both depression and anxiety symptoms, thereby advancing understanding
of rumination as a modifiable transdiagnostic process rather than only a correlate of emotional
disorders.

Methods:
Procedure

The parent trial has previously been described (Yatziv et al., 2024). Briefly, we examined the
effectiveness of an 8-week gamified mobile app treatment versus a waitlist control in a sample of
adults across the United States with mild to moderate depression. Primary inclusion criteria were
meeting criteria for Major Depressive Disorder (MDD), having mild to moderate depression per
the Montgomery-Asberg Depression Rating Scale (MADRS score >15 and <35) (Montgomery
and Asberg, 1979) and being between 20 and 50 years old. Participants were recruited from
online channels and screened in the phone by study staff. Interested individuals completed a
consent procedure and further screening with a clinician. Eligible participants were randomized
to either the intervention or the waitlist group on a ration (3:1). To control for sex at birth and
gender-diverse status, blocks of randomized number sequences were used at randomization.
Randomization numbers were prepared by a clinical research coordinator who communicated the
assigned group to the participants. The clinician raters were blind to the participants assigned
group allocation. Those randomized to the intervention were given a link to download the app
free of charge and were instructed to play the app for at least 4 days a week at least four of the 5
available games, which would correspond to 15 minutes per day, for 8 weeks. Participants who
did not meet the play requirement for >2 weeks over the course of the 8-week trial (ie, missing
>25% of minimum play requirements) were discontinued, as per the study’s protocol and consent
form. Study staff regularly monitored each participant’s play rate and alerted participants who
were close to not meeting their targets. All participants were instructed not to change their
treatment regimens during the 8-week study. A more complete description of the study flow can
be found in the original study publication (Yatziv et al., 2024).

Additional information about the reliable change characteristics can be found in the
Supplementary Materials.

Participants

Overall, 177 participants were found eligible for the study and a total of 13 (11%) from the
intervention group and 3(2.5%) from the waitlist discontinued. Specifically, five participants
(4.2%) dropped out due to technical or administrative reasons, one due to personal reasons
(0.8%), and ten (8.5%) because they did not meet minimum game playing requirements.

Participants included 101 adults aged 20-50 (M,g.= 33.01 years £ 8.53) across the United States
who met criteria for mild-to-moderate depression. Participants were mostly female (77.8%) and
White (61.5%). Participants completed assessments at baseline and weekly for 8 weeks.



Intervention

The intervention consisted of a mobile app delivering five brief games designed to promote
flexible and progressive thinking. Participants could freely choose which games to play, the
order in which to play them, and the number of levels completed, while earning points that could
be used to build and customize a virtual farm within the app. Each mini-game targeted different
cognitive processes, including associative thinking, global attention, creativity, and rapid
information processing, through tasks such as word association chains, identifying global visual
patterns, selecting scene-related concepts, interpreting abstract shapes, and answering questions
based on rapidly presented text.

Measures
Depression

The Patient Health Questionnaire (PHQ-9; Kroenke et al., 1999) is a 9-item measure used to
assess how often subjects have experienced depressive symptoms during the past 2 weeks. Each
item is scored on a scale of 0-3 (0 = not at all; 1 = several days; 2 = more than a week; 3 = nearly
every day), with total scores ranging from 0 to 27 (scores of 5-9 are classified as mild
depression; 10—14 as moderate depression; 15—19 as moderately severe depression; > 20 as
severe depression) (Spitzer et al., 2014). The total score was used to investigate the mediation
models.

Anxiety

The Generalized Anxiety Disorder 7-Item (GAD-7; Spitzer et al., 2006) is a 7-item measure
used to assess how often subjects have experienced symptoms of anxiety over the past 2 weeks.
Each item is scored on a scale of 0-3 (0 = not at all; 1 = several days; 2 = more than a week; 3 =
nearly every day), with total scores ranging from 0 to 21 (scores of 0-4 are classified as minimal
anxiety; 5-9 as mild anxiety; 10-14 as moderate anxiety; 15-21 severe anxiety). The total score
was used to investigate the mediation models.

Rumination

The Rumination Response Scale (RRS; Treynor et al., 2003) is a 22-item measure used to
assess the severity of depressive rumination. Each item is scored on a 4-point scale of 1-4 (1 =
almost never; 2 = sometimes; 3 = often; 4 = almost always). This measure consists of three
subscales, reflective pondering (i.e., “Go someplace alone to think about your feelings”),
brooding (i.e., “Think, ‘what am I doing to deserve this?’”’), and depression-related (i.e., “Think
about how sad you feel”) (Treynor et al., 2003). The total score was used to investigate the
mediation models.

Additional clinical measures were collected in the broader study, including the Montgomery—
Asberg Depression Rating Scale (MADRS), Positive and Negative Affect Schedule (PANAS),
Snaith—Hamilton Pleasure Scale (SHAPS), Symptoms of Depression Questionnaire (SDQ), and
the WHO Quality of Life scale (WHO-QOL). The PHQ-9, GAD-7, RRS, SHAPS, and PANAS
were administered weekly, whereas the MADRS, SDQ, and WHO-QOL were administered
monthly. Because the primary aim of the present analyses was to examine whether changes in



rumination mediated changes in depressive and anxiety symptoms over time, we focused on
outcome measures collected at the same weekly frequency as the mediator. The PHQ-9 and
GAD-7 were therefore used as primary outcomes because they capture overall depressive and
anxiety symptom severity and provide greater temporal resolution for longitudinal mediation
analyses. Although PANAS and SHAPS were also administered weekly, they assess specific
affective and hedonic domains rather than global symptom severity and were therefore not
included in the primary mediation models.

Data Analyses. Multilevel structural equation modeling (MSEM) was used to investigate
whether rumination mediated symptom outcomes (Preacher et al., 2010; Preacher et al., 2011).
MSEM overcomes limitations of traditional multilevel modeling (MLM) approaches to
mediation. In traditional MLM, within-person and between-person effects are typically
conflated, whereas MSEM permits the separation of within-person and between-person effects
by invoking latent variable estimation (Preacher et al., 2010; Preacher et al., 2011). Furthermore,
MSEM allows for simultaneous estimation of all model pathways, estimating both direct and
indirect effects in the same step (Preacher et al., 2010). MSEM utilizes full-information
maximum likelihood procedures that are considered a gold-standard approach for addressing
missing data, which often occur in treatment studies as a consequence of attrition. Variables that
could vary over the course of time were modeled as Level 1 variables (i.e., the time index
variable, symptom variables, and mediator variables), and variables that remained constant and
invariant over time were modeled as Level 2 variables (i.e., treatment condition- FTP vs.
Waitlist). The mediation variable was lagged by one time-point (M,.;) to better test for temporal
precedence at the within-subjects level.

Two mediation models were proposed and examined in the current study. To examine
whether rumination mediated symptom outcomes, 1-1-1 mediation models were used (Figure 2
illustrates the general 1-1-1 mediation model tested in the study). These models assessed whether
changes in the outcome symptom variables were mediated by changes in the mediator variables,
collapsed across treatment conditions. In these models, time was the predictor variable (i.e., time
- mediators = X symptom outcome variables), and all these variables constituted Level 1
variables. Because the 1-1-1 mediation models permit examination of within-person change
processes, within-person pathways, and indirect effects are presented. To examine whether
treatment condition conveyed an indirect effect on the symptom outcomes by way of the
proposed mediators, a multi-group structural equation modeling approach was adopted for the 1-
1-1 mediation models. Specifically, treatment condition was modeled as a Level 2 grouping
variable, and separate 1-1-1 models were estimated for each treatment condition, facilitating the
examination of potential differences in the mediation pathways between the treatment conditions.
Two multi-group 1-1-1 models were pursued. In the first model, the indirect effects across the
two treatment conditions were permitted to be freely estimated and differ. In the second model,
the indirect effects across the two conditions were constrained to equality, representing the
notion that no significant differences in the indirect effects occur between the conditions. A chi-
square difference test was conducted to determine whether the second ‘constrained” model
resulted in a statistically significant worse fit than the model in which the indirect effects were
freely estimated and permitted to differ. A significant chi-square difference test would indicate
the constrained model yielded a worse fit, providing support for the first unconstrained model in
which rumination mediates the two interventions differentially.



Because this study utilized a randomized controlled trial (RCT) design, participants were
randomly assigned to groups to ensure equivalence at baseline. The original study conducted
preliminary analyses confirming there were no significant differences between the two groups in
baseline depression, anxiety, or other symptom variables.

The original power analyses were conducted for sample size planning for the original clinical
trial to investigate the primary hypotheses related to treatment effects. Therefore, the current
report cannot present a priori power analyses for the proposed models. However, in the interest
of examining statistical power for our current hypotheses, post-hoc power analyses are presented.
Specifically, for the indirect effect of the 1-1-1 model, the power function was approximated as a
function of the Wald test of the test statistic, which can be useful for parameters in complex
models (Demidenko, 2020; Bickel & Doksum, 2015). A similar power test was conducted for the
chi-square difference test using the underlying logic behind estimating the power function for a
non-central chi-square distribution (Bickel & Doksum, 2015).

In the initial trial describing the intervention, it was reported that the mean weekly
engagement was 60.32 minutes (SE = 2), indicating close adherence to the prescribed usage
(Yatziv et al., 2024). Because variability in engagement across participants was minimal,
adherence was not included as a covariate in the analytic models.

All analyses were conducted in R using the lavaan package (Rosseel, 2012)
Results:
General Trajectories of Change

To facilitate a general understanding of how depression, anxiety, and rumination changed
over time and across treatment conditions, please view Figure 1.

Depression Outcomes
Overall Mediation Collapsed across Treatment Conditions: 1-1-1 Indirect Effect

Results suggested that rumination mediates symptom change over time, collapsed across
treatment condition, with a statistically significant indirect effect (£ =- 0.096 , p <0.001).
Specifically, changes in time were associated with reductions in time-lagged rumination (£ =-
1.51, p <0.001), and changes in time-lagged rumination were significantly associated with
changes in depression severity (£ = 0.06 , p <0.001). The post hoc power for this indirect effect
was 0.97. Please refer to Table 1 for further details.

Differential Mediation between Treatment Conditions: Multi-Group 1-1-1 Indirect Effect

In the unconstrained multi-group model, results suggested that rumination mediates symptom
change over time only for the primary treatment condition, but not the waitlist control group.
That is, the indirect effect was statistically significant for the primary treatment condition (/5 =-
0.15, p <0.001), but not the waitlist condition (£ = 0.01 , p > 0.05). In the constrained multi-
group model, in which the indirect effects across the two conditions are constrained to equality,
results suggested that rumination mediates symptom change over time across both treatment



conditions (£ =-0.13, p <0.001). However, the constrained model (x> = 59.91) evidenced
significantly worse model fit than the unconstrained model (% = 39.62), as the chi-square
difference test was statistically significant (y%qir = 20.23, df;=6, p < 0.01). The post hoc power
for this chi-square difference test was 0.92. Please refer to Table 2 for further details.

Anxiety Outcomes
Overall Mediation Collapsed across Treatment Conditions: 1-1-1 Indirect Effect

Results suggested that rumination mediates anxiety symptom change over time, collapsed
across treatment conditions, with a statistically significant indirect effect (8 =- 0.096, p < 0.001).
Specifically, changes in time were associated with reductions in time-lagged rumination (f = -
1.54, p <0.001), and changes in time-lagged rumination were significantly associated with
changes in anxiety severity (£ = 0.06 , p <0.001). The post hoc power for this indirect effect was
0.96. Please refer to Table 1 for further details.

Differential Mediation between Treatment Conditions: Multi-Group 1-1-1 Indirect Effect

In the unconstrained multi-group model, results suggested that rumination mediates symptom
change over time only for the primary treatment condition, but not the waitlist control group.
That is, the indirect effect was statistically significant for the primary treatment condition (5 =-
0.18, p <0.001), but not the waitlist condition (£ = 0.07 , p > 0.05). In the constrained multi-
group model, in which the indirect effects across the two conditions are constrained to equality,
results suggested that rumination mediates symptom change over time across both treatment
conditions (£ =-0.15, p <0.001). However, the constrained model (x> = 69.31) evidenced
significantly worse model fit than the unconstrained model (> = 39.56), as the chi-square
difference test was statistically significant (yaqir = 29.74, df~=6, p < 0.01). The post-hoc power
for this chi-square difference test was 0.99. Please refer to Table 2 for further details.

Discussion:

Our previous study documented that individuals engaging with an FTP app experienced
significantly greater improvements in depression and anxiety symptoms relative to a waitlist
control group (Yatziv et al., 2024). The current study extended these findings by documenting
that these improvements were partially explained by a reduction in rumination. Rumination is
characterized by repetitive thinking and dwelling on negative content, and is considered a key
transdiagnostic features of emotional disorders that prevents individuals from overcoming their
compromised health condition by maintaining attention on negative thinking and impeding
recovery (Parola et al., 2017; McEvoy et al., 2013; Kertz et al., 2015). Our finding that
rumination mediated improvement in depression and anxiety experienced by patients using the
FTP app is consistent with what was previously reported by other treatment approaches. In a
randomized, controlled trial investigating rumination-focused cognitive-behavioral therapy
(RFCBT) for residual depressive symptoms, patients receiving the treatment reported fewer
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depressive symptoms than the control group, and the improvement was mediated by a decrease
in rumination (Watkins et al., 2011). Similarly, a study evaluating mindfulness-based stress
reduction (MBSR) to target rumination and affective symptoms, including depression and
anxiety, documented a significant reduction in ruminative tendencies among participants in the
treatment group relative to those in the waitlist control (Ramel et al., 2004). Moreover, programs
targeting repetitive negative thinking and rumination have led to a reduction in rumination as
well as depression and anxiety (Hirsch et al., 2018; Hirsch et al., 2020). A study investigating the
effectiveness of an app targeting RNT among people with depression and anxiety documented
that improvements in depression and anxiety symptoms were accounted for by changes in RNT
(Bell et al., 2023a).

Consistently, recent meta-analyses in adult populations documented that a reduction in RNT
mediated the effectiveness of clinician-delivered psychological treatment for both anxiety
(Monteregge et al., 2020) and depression (Spinhoven et al., 2018). Notably, both reviews found
that these effects did not differ depending on whether the reduction in RNT was the specific
focus of the treatment or not. Similarly, a meta-regression analysis revealed that clinician-
delivered psychological treatments targeting rumination are associated with improvements in
anxiety and depression among youth (Bell et al., 2023b). To date, however, this work has
focused primarily on clinician-based approaches, such as behavioral activation, mindfulness, and
attention bias modification. The FTP app extends this literature by suggesting that rumination
may also be modified through a digital, game-based intervention designed to promote
progression and flexibility of thought.

The FTP framework stems from the observation that a broad and associative thinking pattern
is linked with positive mood (Bar, 2009), and that facilitating the shift from a repetitive stagnant
thinking process towards a more global and expanded thinking disrupts the ruminative loop and
leads to improved emotional health (Yatziv et al., 2024; Bar & Baror, 2026). It has been shown
that reading an expanding list of words is associated with improved mood, while reading a
semantically narrow and stagnant word list is associated with worsening of mood (Mason & Bar,
2012). When engaging with the FTP app, participants play different ‘therapeutic mini games’
that are designed to reinforce associative, creative, and flexible thinking processes. These
engaging mini-games are designed to help participants create and sustain adaptive mental habits
and potentially further trigger long-term changes in neuronal activity and cortical volume, which
ultimately lead to improved mood. This study's findings suggest that the FTP app may mediate
the improvement in depression and anxiety by disrupting the cyclical thinking characterizing
rumination.

Notwithstanding the novelty of the current study, some limitations warrant mention. First,
given that this is a new analysis of an already published work (Yatziv et al., 2024), post-hoc
power analyses as opposed to a priori power analyses were conducted to support the adequacy of
the statistical power for the primary hypotheses in the current paper. Second, although
randomization strengthens inference regarding the effect of the FTP app versus waitlist, the
Multi-Group 1-1-1 indirect effect model does not by itself establish causal ordering between
changes in rumination and changes in depression or anxiety. Third, the use of a waitlist control
further limits mechanistic specificity, as the observed indirect effect may partly reflect
nonspecific factors such as expectancy, attention, or repeated self-monitoring rather than
processes unique to FTP.
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Conclusion:

These findings provide support for rumination as a potential treatment target in emotional
disorders, primarily depression and anxiety. Consistent with prior research suggesting that
several evidence-based interventions reduce symptoms by decreasing ruminative thinking, this
study extends that literature by suggesting that a smartphone app designed to promote thought
progression was associated with improvements in depression and anxiety through reductions in
rumination. Future research may explore whether changes in rumination mediates improvement
in mood and anxiety in adequately powered trials with prespecified mediation analyses, active
control conditions, and multimethod assessments better suited to capturing the dynamics of
thought progression and rumination. In conclusion, our results support our proposal that an
intervention aimed at helping individuals adopt broader and more global patterns of thinking can
exert its therapeutic effects, at least in part, through a reduction in maladaptive ruminative
processes.
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Figure 1. Trajectories of Change by Treatment Condition

Symptom Trajectories Across Sessions by Treatment Group
PHQ-9 (Depression) GAD-7 (Anxiety) RRS (Rumination)

20

80

20
15

@ @
Q 5 © 60
3 3 :
o N 10 g
g 2 o
o 0 ' -
40
5
0 0
20
012345686738 01234586738 0123456738
Session Session Session

Group =#= Control =@= Treatment



Figure 2. 1 1 1 Model

1-1-1 Mediation Model

Mediator

Between Person

] v
Observed ) . Symptom
Variables Time Mediator Outcome
1 i i

Table 1.

Mediator

Within Person

1-1-1 Mediation Results Collapsed Across Treatment Condition

Outcome Variable Pathway

Coefficient S.E.
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Depression
Time = Rum =151 0.11
Rum - Dep 0.06%** 0.02
Time = Dep -0.42%H* 0.05
Time = Rum = Dep -0.096***  0.03
Anxiety
Time = Rum -1.54%#* 0.11
Rum - Anx 0.06%*** 0.02
Time = Anx -(.23%4* 0.05
Time 2 Rum = Anx -0.096*** (.03

14

Notes. Within-person pathways are presented, as is appropriate for a 1-1-1 model with all Level

1 variables. * p <0.05; ** p <0.01; *** p <0.001; S.E. = standard error; Rum = rumination;

Dep = depression; Anx = anxiety.



Table 2.

1-1-1 Multi-Group Mediation Results

Outcome Variable Pathway

Coefficient S.E.

Multi-Group Model: Freely Estimated Across Groups

Group A: Treatment Condition

Depression

Anxiety

Time - Rum -1.64%%* 0.12
Rum - Dep 0.09%** 0.02
Time = Dep -0.4]%H* 0.06
Time - Rum = Dep -0.15%** 0.03
Time 2 Rum -1.68%** 0.12
Rum = Anx 0.11%%* 0.02
Time 2 Anx -0.18%* 0.06
Time 2 Rum = Anx -0.18%** 0.03

Group B: Waitlist Condition

Depression

15



Time = Rum -1 5% 0.11
Rum - Dep -0.01 0.03
Time = Dep -0.4]%H* 0.09
Time - Rum - Dep 0.01 0.04
Anxiety
Time - Rum -1 15%** 0.22
Rum = Anx -0.06 0.03
Time - Anx -0.27%* 0.09
Time = Rum = Anx 0.07 0.04
Multi-Group Model: Constrained to Equality
Depression
Time - Rum -1.59%** 0.11
Rum - Dep 0.08#** 0.02
Time = Dep -0.42%H* 0.05
Time = Rum = Dep -0.13*** 0.03
Anxiety
Time < Rum -1.63%%* 0.11

16



17

Rum = Anx 0.09*** 0.02

Time =2 Anx -0.19%** 0.05

Time = Rum = Anx -0.15%** 0.03

Notes. Within-person pathways are presented, as is appropriate for a 1-1-1 model with all Level
1 variables. For the multi-group model freely estimated across groups, parameter estimates are
presented for both treatment conditions, given that they are permitted to differ. For the multi-
group model constrained to equality, the parameter coefficients are the same for each treatment
group given the equality constraints. * p <0.05; ** p <0.01; *** p <0.001; S.E. = standard
error; Rum = rumination; Dep = depression; Anx = anxiety.

Glossary

FTP (Facilitating Thought Progression): A cognitive neuroscience framework positing that
broader, more expansive patterns of thought are linked with improved mood. FTP is focused on
disrupting and breaking a cyclical and repetitive pattern of rigid thinking to alleviate symptoms
of depression and anxiety.

RNT (Repetitive Negative Thinking): A transdiagnostic process involving persistent, intrusive,
and uncontrollable negative thought patterns, encompassing both rumination and worry, and
linked to the onset and maintenance of emotional disorders.

MSEM (Multilevel Structural Equation Modeling): A statistical approach that allows
simultaneous estimation of direct and indirect pathways at multiple levels (within-person and
between-person), frequently used in mediation analyses.
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