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Self-esteem, crucial for psychological well-being, can be enhanced through targeted interventions 
like cognitive behavioral therapy (CBT). However, traditional CBT faces various accessibility barriers. 
Digital health interventions such as computerized CBT and mobile health (mHealth) applications offer 
potential solutions. Recent research suggests that brain oscillations, particularly theta rhythms, play 
a key role in memory consolidation. Combining computerized CBT with post-learning theta rhythm 
modulation may optimize and stabilize improvements in self-esteem and promote neuro-wellbeing. 
This six-month longitudinal study aimed to evaluate the synergistic effects of a computerized CBT 
intervention (GGSE) combined with post-training theta rhythm brain modulation on improving self-
esteem in young adults with low self-esteem. Participants were randomly allocated to three groups: 
GGSE + theta audio–visual entrainment (AVE) with Cranio-Electro Stimulation (CES), GGSE + beta 
AVE + CES (active control), and GGSE only (control). The intervention lasted three weeks. Assessments 
of self-esteem, maladaptive beliefs, and mood were conducted at baseline, 21 days, 42 days, and 
six months post-baseline. Although post-treatment oscillatory entrainment did not enhance the 
long-term efficacy of the intervention, significant treatment effects persisted for six months across 
all groups. These results support the potential long-term efficacy of brief, game-like, digital CBT 
approaches for improving self-esteem.
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Self-esteem, the evaluation of one’s own worth, talents, and competencies, has been implicated in various 
determinants of well-being1. Low self-esteem has also been linked with various mental health issues including 
anxiety and depression2,3 and has been suggested to contribute to their development and maintenance3. Indeed, 
the Diagnostic and Statistical Manual of Mental Health Disorders 54 has low self-esteem as a diagnostic, 
associative feature, risk factor or consequence in numerous disorders.

Although self-esteem is often considered a relatively stable trait, research findings suggest that it is malleable 
to treatment5. Cognitive Behavioral Therapy (CBT), a therapeutic approach rooted in learning principles, has 
been shown to be effective in treating low self-esteem6,7, and CBT models suggest low self-esteem is maintained 
by maladaptive self-beliefs and schemas8. Fennell, for instance, expanded on Beck’s work9 and proposed a model 
where individuals form a “bottom line” self-image schema (e.g., “I’m worthless”) based on past experiences. 
This schema influences information processing, leading to the formation of rigid maladaptive beliefs (e.g., 
perfectionism; “I must do everything perfectly”) intended to conceal this vulnerable schema. However, events 
challenging these beliefs activate the bottom line and trigger predictions of negative consequences (e.g., harsh 
judgment by others). CBT disrupts this cycle by reducing negative self-beliefs and increasing accessibility to 
more positive self-perceptions using strategies such as cognitive restructuring and behavioral adjustments. This 
enables individuals to become more self-compassionate, self-accepting and develop healthier self-perceptions.
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Findings from a recent meta-analysis indicate that Fennell’s CBT approach yields medium to large effects in 
boosting self-esteem in adults across diverse populations, including those who are healthy, depressed, or anxious, 
with benefits sustained for at least three months post-treatment10. Considering depression measures inherently 
capture aspects of self-esteem3,11,12, studies have also consistently demonstrated superior long-term outcomes 
of CBT for depression and self-esteem compared to other therapeutic approaches, including pharmacological 
interventions13,14. This efficacy is evident in both in-person and virtual administrations of CBT15,16.

Despite its efficacy in clinical and non-clinical populations, however, there are significant barriers for 
receiving CBT treatment such as stigma, high costs, substantial time commitments, limited accessibility, and a 
shortage of trained professionals17,18. Moreover, many individuals with low self-esteem may not seek treatment 
because they don’t perceive their struggles as severe enough to warrant clinical intervention8 and are unaware 
of their increased vulnerability to psychopathology. There is a need for interventions for low self-esteem that are 
easily accessible and with widespread reach.

Computerized CBT and mobile health (mHealth) interventions have emerged as promising solutions, offering 
greater accessibility, flexibility, and significantly reduced costs compared to traditional CBT19. These digital 
platforms have the potential to deliver effective therapy to a broader population, overcoming the limitations 
of conventional face-to-face therapy. Although numerous CBT-based mHealth platforms exist, only a few are 
evidence based20,21. An example of such an evidence-based mobile-computerized CBT application is the GGtude 
platform22–24. Seventeen published studies including 11 randomized controlled trials (RCTs)25–35 and real-world 
data analyses36–38 have consistently indicated that daily use of this platform for a period of 2–4 weeks (for an 
average of 3–4 min a day) is associated with significant mental health benefits.

Among these, four RCTs conducted in the USA, Spain, Italy and Israel have included self-esteem 
measures25,26,30,31. These studies suggest that using various modules of the GGtude platform is associated 
with increased self-esteem compared with a waitlist control group and that these gains remain at follow-up 
assessments. For examples, a large (n = 315) fully remote RCT30, including people with serious mental illness, 
found large effect-size increases in self-esteem following 1-month training on the GGtude platform compared 
with a waitlist control group. These results were maintained at 1-month follow-up and replicated following 
crossover. Similar findings were found in another RCT with crossover design conducted in Spain25. In this RCT, 
students (n = 97) training with the relationship obsessions module, GGRO, of the GGtude platform showed 
medium effect-size increases in self-esteem compared with a waitlist control group. Again, these findings were 
maintained at 15-day follow-up and replicated following crossover.

A third RCT26 (n = 90) conducted in Israel found that two weeks of daily use with the body image module, 
GGBI, of the GGtude platform were associated with improved self-esteem scores that were maintained at 
1-month follow-up. The fourth RCT conducted in Italy31 also used the GGRO module. Findings from this study 
indicated that students (n = 50) with subclinical symptoms of relationship OCD39 showed medium effect-size 
improvement in self-esteem relative to a waitlist control group that remained at follow-up assessment. However, 
an analysis using the reliable scale index (RSI)40 suggested reliable change in only 12% of these users. Consistent 
with findings from the above mentioned RCTs, are finding from a recent study using real world data analyses of 
the self-esteem module (GGSE)37. In this study, data of users that downloaded the app from Google Play or App 
Store and completed at least two assessment points (n = 1034) were analyzed. Results indicated large effect size 
improvements in self-esteem that were consistent with a dosage–response effect37.

Overall, findings from previous RCTs consistently support the efficacy of the GGtude platform25,26,30,31 in 
increasing self-esteem relative to waitlist control groups and indicate that such improvements persist for a period 
up to 1-month. However, the long-term efficacy of training on the GGtude platform remains underexplored, 
with no studies extending follow-up to six months. Moreover, given that CBT is grounded on learning principles, 
enhancing memory effects following a CBT based intervention could increase its efficacy and extend its long-
term benefits. Daily training with the GGtude platform followed by an intervention aimed at enhancing memory 
consolidation may, therefore, boost its immediate and long-term effects.

Memory consolidation refers to the dynamic process by which newly acquired information is transformed 
into stable, long-lasting memory representations. It involves molecular, synaptic, and system-level changes that 
reinforce neural circuits, protecting the memory from decay or interference. This process, occurring during the 
critical post-learning period, is crucial for the persistence of new memories. Over time, these changes contribute 
to the gradual integration of new information into pre-existing networks41,42.

Recent evidence suggests that interventions during this time window of memory consolidation can 
significantly enhance the retention of learned material. Specifically, modulating brain oscillations—particularly 
theta rhythms—has been shown to optimize neural synchrony, thereby amplifying learning effects43–47. Effective 
communication within brain networks is facilitated by increased synchrony in neuronal firing48,49. These 
network oscillations influence the precise timing of neural activity both within and between brain regions, which 
is crucial for representing and encoding information45,50. Consequently, post-learning replay of neural activity 
from the encoding phase, which supports consolidation, can be strengthened through the optimization of neural 
transmission by enhancing synchrony at specific frequencies. Given the evidence highlighting the importance 
of theta rhythms in successful encoding and retrieval43,44,46,47,51,52, and considering that both retrieval and 
consolidation involve reinstatement or replay, modulating theta rhythms after learning potentially provides a 
means to promote consolidation53–58.

Techniques such as EEG neurofeedback (NFB) and transcranial alternating current stimulation (tACS), have 
demonstrated the ability to strengthen memory consolidation by targeting theta activity. In previous research55, 
we have used EEG NFB to enable participants to selectively increase theta power in their EEG spectra following 
episodic memory encoding. Free recall assessments immediately following the interventions, 24 h later, and 7 days 
later all indicated benefit to memory of theta NFB. Similar results were obtained by 3 Hz theta tACS in episodic 
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memory53. These results complement our earlier findings that theta NFB similarly improves consolidation of 
procedural learning56 and spatial memory54, which were all tested up until one week post-intervention.

Alongside EEG NFB and tACS, another method of modulating oscillatory neural activity is audio-visual 
entrainment (AVE), which uses rhythmic auditory and visual stimuli to potentiate desired frequencies of brain 
electrical activity. Research on visual processing has demonstrated that entrainment can increase targeted 
oscillatory activity, influencing spiking responses and improving behavioral performance59,60. Moreover, AVE 
upregulation of theta-frequency activity was reported for improving episodic memory retrieval61. Since memory 
consolidation involves stabilizing and integrating newly acquired information into long-lasting memory 
networks42, this is extremely relevant for interventions like CBT that rely on altering maladaptive beliefs and 
schemas, also due to the hippocampus-dependent nature of the cognitive components in CBT62. Our goal, 
therefore, was to explore whether post-learning theta entrainment could optimize and stabilize CBT outcomes, 
enhancing the long-term effects of self-esteem interventions delivered via mobile platforms.

In this study, we hypothesized that combining an accessible, mobile-delivered, personalized form of CBT (via 
the GGtude platform) with post-learning theta rhythm modulation could further improve self-esteem treatment 
response, optimize the intervention, and achieve longer-term effects. We expected that the synergistic effect 
of these two methods would lead to higher response rates, maximize the therapeutic impact, and stabilize its 
effects over a longer duration. To test this hypothesis, we assessed whether using theta entrainment techniques 
post-training with the GGtude platform could enhance and prolong the platform’s efficacy on self-esteem, with 
a particular focus on outcomes over a 6-month period. Two control groups were included in this study: an 
active control Beta group, as in our previous studies53–55, and a GGSE only control group in which participant 
used the GGtude platform with no brain entrainment method. As there are no established criteria for clinically 
significant improvement on the Rosenberg self-esteem scale (RSES), we used the RCI40 to assess reliable and 
meaningful change of each participant on the RSES scale. We also examined the effects of the intervention 
on related psychological constructs, such as mood, social anxiety, maladaptive perfectionism, self-compassion, 
dysfunctional attitudes, and social comparison tendencies, all of which have been previously found to be 
associated with self-esteem63–68. This longitudinal study design allowed us to investigate not only the immediate 
benefits but also the durability of treatment effects, a critical factor in the broader implementation of scalable 
mHealth interventions for self-esteem.

Methods
Participants
179 young adults, recruited in campus communities and nearby areas, completed the RSES69 on the Qualtrics 
online platform. Of those, 85 young adults (52 females; mean age 23.3 years, SD 3.3 years, age range 18 to 37) 
who showed low self-esteem scores (RSES < 16) participated in this study.

Exclusion criteria were self-reported hearing problems, neurological/psychiatric problems, learning 
disabilities/ADD, regular drug use (prescription/recreational), pacemaker, epilepsy, regular use of alcohol, 
previous head injuries/head tumor/stroke, ear piercing, previous injury to the skin on the earlobe (peeling, 
redness, scarring, etc.). Participants were randomly assigned to one of the following groups: Theta group (20 F, 
11 M, mean age 23.4 years, SD 3.8 years), Beta group (17 F, 12 M, mean age 23.3 years, SD 3.3 years), or GGSE 
only control group (15 F, 10 M, mean age 23.1 years, SD 2.8 years). Participants received monetary compensation 
of 400 NIS for their participation. The study protocol and publication were approved by Reichman University, 
Herzliya, Israel (No: 2020015_P). Informed consent was obtained from all subjects. All procedures were 
performed in accordance with relevant guidelines.

Experimental design
At T0, participants in the Theta and Beta groups were asked to arrive at the lab to collect the AVE + CES (Cranio-
Electro Stimulation) device and to undergo a training session with an experimenter. From that point on, all 
participants conducted the experiment at home. They were asked to use GGSE five days per week (excluding 
Fridays and Saturdays) over a period of three weeks, for a total of 15 days, at the same time each day. Following 
the completion of each daily GGSE training (5 min/day), participants used the AVE + CES device (20 min/day), 
in a theta or beta session mode, depending on the group they were randomly assigned to. The GGSE-only 
control group participants went through the same experimental procedure, but without the use of the AVE + CES 
device. All participants were requested to complete web-based assessment, with questionnaires relating to self-
esteem, maladaptive beliefs and mood at baseline (T0), 21 days following baseline—after the completion of 
the intervention (T1), 42 days following baseline (T2) and 6 months following baseline (T3). An experimenter 
conducted daily follow-ups with all participants via Zoom or phone call, for technical support and to verify the 
completion of the daily training. Participants did not use the app after the initial intervention period (first three 
weeks of the experiment).

CBT intervention
The GGtude platform was specifically designed to take advantage of mobile phone technology and use interactive, 
short, touch-screen based intervention to reduce psychological symptoms )e.g22,23,25. The self-esteem module of 
the platform (GGSE) includes 46 training levels targeting 11 maladaptive beliefs/metacognitions related to low 
self-esteem. GGSE consists of game-like interactions facilitating accessibility to adaptive self-statements relating 
to the appraisals of thoughts, emotions, and events related to self-esteem.

At the onboarding stage, participants received a brief psychoeducation script about the impact of self-talk 
on mood. They then engage in short, game-like interactions aimed at promoting more adaptive self-talk. Each 
training session presents self-statements consistent with maladaptive beliefs (e.g., “I must be perfect to be 
accepted”) or inconsistent with such beliefs (e.g., “Imperfection is part of being human”). Each daily session 
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targets a specific maladaptive belief (e.g., perfectionism, intolerance of uncertainty, self-efficacy, over-estimation 
of social threat, fear of abandonment) or metacognition (e.g., positive beliefs about comparisons and about self-
criticism). Users are instructed to discard maladaptive statements by swiping them in an upward motion. They 
are instructed to “embrace” helpful statements by swiping them downwards towards themselves.

When introducing new levels that address a particular belief, the app presents a screen explaining the 
rationale for challenging this belief. For instance, before addressing self-criticism, users see: “Research shows 
that self-criticism is associated with depression, anxiety and low self-esteem. However, people with low self-
esteem often believe self-criticism is useful. Let’s try and challenge this belief!” After completing a level, users 
take a brief memory quiz, selecting one of three self-esteem-enhancing statements featured in the level. Upon 
completing three levels, the app advises: “You’ve reached the recommended amount of training for today. To get 
the best results, continue practicing tomorrow”, encouraging users to conclude their session and resume training 
the following day. The duration of each daily session is approximately 5 min.

AVE + CES stimulation
After each GGtude daily session, participants in the stimulation conditions received 20  min of either theta 
entrainment at 5.5  Hz, or beta entrainment at 15  Hz, depending on their assigned group. Entrainment was 
generated by exposure to rhythmically flashing lights, pulsing pure tone sounds and mild electric currents 
oscillating at theta or beta frequency. A commercially available device (DAVID DELIGHT PRO by Mind Alive, 
Inc., Edmonton, Canada) was used to administer visual stimulation (via LED lights embedded on the inner edge 
of darkened eyeglasses), pulsed tones (via headphones) and CES (via earlobe electrodes, using a conductive gel). 
All subjects were instructed to attend to the lights and sounds and not to fall asleep. Participants could close 
their eyes or leave them slightly open during the entrainment period in accordance with their personal comfort 
preference, as the lights remained visible with eyes closed61.

Behavioral assessments
To thoroughly investigate the multilayered nature of self-esteem pre- and post- CBT intervention, we considered 
a range of psychological constructs that have been associated with low self-esteem (see detailed description 
of the measures below). For instance, we examined the effects of the intervention on the relentless pursuit 
of unattainable standards (i.e., perfectionism; as measured by the MPS)63,70, the tendency for upward social 
comparisons (as measure by the INCOM)64, the need of others’ approval68 (i.e., dysfunctional attitudes; as 
measured by the DAS) and fears of negative evaluation and social rejection (i.e., social anxiety; as measured 
by the SIAS)66. Similarly, we assessed symptoms of depression, anxiety, and stress that have been closely linked 
to self-esteem (as measures by DASS), with lower self-esteem often found in individuals experiencing higher 
levels of these negative emotional states65. We also measured self-compassion (measured by the SCS) that 
has shown to be positively associated with self-esteem levels and buffer against low self-esteem, seemingly by 
promoting a kinder, more forgiving self-view67. Together, these tools provide a comprehensive framework for 
understanding the complex and interrelated factors that influence self-esteem, enabling us to assess intervention 
effects. Overall, the following questionnaires were provided for participants to complete at T0, T1, T2, and 
T3: The Rosenberg Self-Esteem Scale (RSES)71; the Multidimensional Perfectionism Scale (MPS)70; the Iowa-
Netherlands Comparison Orientation Measure (INCOM)64; the Dysfunctional Attitude Scale (DAS)68; the 
Social Interaction Anxiety Scale (SIAS)66; the short version of the Depression Anxiety and Stress Scale (DASS)65 
and the short form of the Self-Compassion Scale (SCS)67.

The Rosenberg Self-Esteem Scale (RSES)69,71 ranges from 0 to 40 (with higher scores indicating greater 
self-esteem) and consists of 10 statements that assess the individual’s self-esteem, for example: “In total, I’m 
happy with myself.” The items are rated on a four-point Likert scale, ranging from “Strongly agree” to “Strongly 
disagree”. RSES internal consistency: Cronbach’s α T0 = 0.85; T1 = 0.88; T2 = 0.87; T3 = 0.89.

The Multidimensional Perfectionism Scale (MPS) is a shortened version of the original 45-item MPS70 which 
comprises three subscales (five-items per subscale) measuring self-oriented perfectionism, other-oriented 
perfectionism, and socially prescribed perfectionism, with higher scores indicating greater perfectionism 
tendencies. Participants were asked to rate each item on a seven-point scale from 1 (“strongly disagree”) to 
7 (“strongly agree”). Total scores were used in this study. MPS internal consistency: Cronbach’s α T0 = 0.74; 
T1 = 0.77; T2 = 0.74; T3 = 0.73.

The short version of the depression anxiety and stress scale (DASS)65 is a 21-item (DASS-21) self-report 
questionnaire listing negative emotional symptoms that is divided into three subscales measuring depression, 
anxiety and stress (seven items per subscale). The items are rated on our-point scales (0 = ”Does not relate to me 
at all,” 3 = “Relates to me greatly, or most of the time”). The total score was used in this study, with higher scores 
indicating higher levels of general distress72. DASS internal consistency was very high: Cronbach’s α T0 = 0.90; 
T1 = 0.93; T2 = 0.94; T3 = 0.92.

The short form of the self-compassion scale (SCS) consists of 12 items. The scale assesses the positive and 
negative aspects of the three main components of self-compassion: self-kindness versus self-judgment, common 
humanity versus isolation and mindfulness versus over-identification67, with higher scores indicating greater 
self-compassion. The items are rated on a five-point scale ranging from “almost never” to “almost always”. SCS 
internal consistency was: Cronbach’s α T0 = 0.79; T1 = 0.84; T2 = 0.85; T3 = 0.88.

The Dysfunctional Attitude Scale (DAS) concise version is a self-report questionnaire, consisting of 17 items 
on a scale from 1 (“do not agree at all”) to 7 (“completely agree”), with scores ranging from 17 to 119, designed to 
identify and measure cognitive distortions associated with depression68. For example: “If I partly fail, it is as bad 
as being a complete failure”. The higher the score, the more dysfunctional attitude an individual possesses. DAS 
internal consistency was very high: Cronbach’s α T0 = 0.88; T1 = 0.91; T2 = 0.89; T3 = 0.91.
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The Social Comparison Scale (INCOM) consists of 11 items and assesses the general tendency to compare 
oneself to others. People are given statements about their self-comparisons with others64. The items are rated on 
a five-point scale ranging from “strongly disagree” to “strongly agree”. INCOM internal consistency: Cronbach’s 
α T0 = 0.81; T1 = 0.84; T2 = 0.83; T3 = 0.87.

The social interaction anxiety scale (SIAS) consists of 20 items, with scores ranging from 0 to 80. The items 
are rated on a five-point Likert scale, ranging from 0 to 4: “does not describe me at all” to “strongly describes me”. 
All the items are self-statements describing reactions to social interactions. For example: “I get nervous if I have 
to speak with someone in authority (teacher, boss, etc.)”66. SIAS internal consistency was very high: Cronbach’s 
α T0 = 0.92; T1 = 0.94; T2 = 0.94; T3 = 0.93.

Data analysis
All statistical analyses were performed using R version 4.4.0 (R Core Team, 2024). Analysis of Variance models 
were conducted with afex package and follow up analyses were conducted with the emmeans package. Imputation 
of missing values from the dataset was conducted using the mice package73. Baseline comparisons across groups 
were conducted with one-way ANOVAs for continuous variables and Chi-square test for categorical variables. 
The primary outcome (self-esteem, RSES) and Secondary outcomes (DAS, MPS, SCS, INCOM, DASS, SIAS), 
were analyzed using a Group × Time (T0, T1, T2, T3) RM-ANOVA. Partial eta-squared and Cohen’s d were 
calculated.

Results
Comparison of study groups
Before examining the effects of app use and neuromodulation, differences in baseline scores (T0) on all the 
study scales, as well as differences in participants age and gender, were analyzed across groups. No significant 
difference between groups were found for participant’s age (F(2,82) = 0.06, η2 = 0.00, p = 0.944), gender (2(2) = 
0.24, p = 0.887), or scores on baseline measures (Table 1).

Mean of all total scale scores, including SD, per group, at the four time points, are described in Table 2.

Primary outcome–improvement over time on self-esteem
The scores on the RSES scale were submitted to a Group (Theta/Beta/GGSE only control) X Time (T0, T1, T2, 
T3) ANOVA to assess Time X Group interactions as well as main effects of Time and Group. No significant 
effect was found for Group X Time interaction (F(5,214) = 0.89, η2

p = 0.02, p = 0.491) or Group (F(2,82) = 0.25, 
η2

p = 0.01, p = 0.778) (Fig. 1). However, a significant main effect was found for Time (F(3,214) = 25.18, η2
p = 0.23, 

p < 0.001).
Exploratory follow-up analyses of our primary outcome were performed to have a clearer view of the 

trajectory of each group on our primary outcome measure. Participants in all groups demonstrated significant 
improvements between baseline, and post-treatment assessments which were maintained at all consequent 
follow-up assessments (Table 3).

Reliable change evaluates whether the scores of an individual on a particular measurement changed 
significantly more than would be expected given measurement error (i.e., larger than that reasonably expected 
due to measurement error alone). The evaluation of such change provides an understanding of the extent to 
which change after treatment is reliable40. We used the RCI40 to assess reliable change of each participant on the 
RSES scale.

The calculation of the RCI requires estimates of a scale’s internal consistency and standard deviation for a 
given population. The threshold for reliable change is calculated as 1.96 times the standard error of the difference 
between scores of a measure administered on two occasions. The standard error of measurement (SE) was first 
calculated using:

	 SE = S1
√

1 − rxx

(where s1 = standard deviation at pre-test and rxx = the internal consistency of the measure) and the standard 
error of the difference score (Sdiff) derived as:

	 Sdiff =
√

2 (SE)2

Scale f df1 df2 Generalized eta-squared p-value

DAS 0.70 2 82 0.02 0.499

DASS 0.30 2 82 0.01 0.745

MPS 0.08 2 82 0.00 0.922

RSES 0.36 2 82 0.01 0.698

SCS 0.51 2 82 0.01 0.605

SIAS 2.96 2 82 0.07 0.058

INCOM 0.32 2 82 0.01 0.73

Table 1.  Comparison of baseline scores by group.
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Finally, RCI was calculated:

	
RCI = X2 − X1

Sdiff

(where X2 = individual post-test and X1 = individual pre-test).
The RCI on the RSES scale was calculated for each participant in each of the groups from T0 (pre-training) 

to T3 (6-months follow up). The following percentages of improvement were obtained for each group: 22.6% 
for the Theta group (seven participants), 13.8% for the Beta group (four participants), and 24% for the GGSE 
only group (six participants). Overall, 20% (17 participants) of all participants achieved reliable clinical change. 
To determine whether there were significant differences among the three independent groups in the proportion 
of participants achieving clinically significant change, we performed a chi-squared test of independence. The 
results indicated no significant difference between the groups (χ2 = 1.08, d.f. = 2, p = 0.58). Results are shown in 
Table 4.

Secondary outcomes
The effects of Group and Time were examined for additional symptom and process scales (DAS, MPS, SCS, 
INCOM, DASS, SIAS). In all the scales, neither Group X Time interaction effects nor the main effect of Group 
(except the SIAS) were significant (see Table 5).

As in our primary variable, the only significant effects found were the main effect of Time (see Fig. 2).

Discussion
In the current longitudinal RCT, we examined the immediate and long-term effects of oscillatory neural 
modulation on the consolidation of a mHealth CBT-based intervention for self-esteem. We hypothesized that 
daily training with the self-esteem track of the GGtude platform (GGSE) followed by an intervention designed 
to enhance memory consolidation will result in a synergistic effect boosting the immediate and long-term effects 
of the intervention.

Our findings indicated medium to large effect sizes of the intervention evaluated immediately following and 
at the 6 months follow-up. However, contrary to our main hypothesis, our results did not support the synergistic 

Scale Time point Theta group Beta group GGSE only group

DAS

T0 71.35 (17.35) 73.59 (16.09) 68.48 (13.22)

T1 54.71 (17.03) 57.00 (20.24) 61.08 (17.24)

T2 58.52 (13.23) 58.18 (16.73) 62.76 (17.60)

T3 57.14 (17.31) 60.38 (18.60) 60.96 (18.68)

DASS

T0 43.77 (10.68) 42.17 (9.90) 44.28 (11.51)

T1 34.97 (11.41) 33.89 (11.87) 38.20 (10.66)

T2 34.62 (13.15) 33.43 (9.80) 38.76 (10.54)

T3 35.75 (11.96) 35.23 (9.88) 38.24 (10.41)

MPS

T0 69.10 (11.00) 68.14 (14.65) 69.36 (9.27)

T1 59.87 (10.65) 58.85 (15.73) 63.76 (9.75)

T2 61.34 (10.15) 58.93 (12.59) 63.76 (10.35)

T3 61.18 (10.25) 59.59 (18.27) 64.32 (10.14)

RSES

T0 12.65 (4.14) 13.14 (5.17) 13.72 (4.80)

T1 16.57 (5.58) 17.52 (5.60) 16.72 (4.63)

T2 15.83 (5.20) 17.96 (5.87) 16.72 (5.06)

T3 16.89 (6.34) 17.00 (5.65) 16.88 (5.37)

SCS

T0 27.55 (7.35) 29.03 (6.48) 29.16 (6.54)

T1 35.13 (9.18) 35.89 (8.23) 33.24 (4.77)

T2 32.79 (8.43) 35.82 (8.95) 33.88 (5.94)

T3 35.82 (10.82) 34.92 (7.96) 33.40 (7.52)

SIAS

T0 39.26 (16.16) 47.34 (4.13) 38.72 (14.42)

T1 29.45 (16.02) 39.70 (17.09) 37.08 (13.77)

T2 29.52 (12.94) 37.57 (17.00) 36.84 (14.61)

T3 28.89 (11.81) 40.00 (16.27) 35.92 (15.48)

INCOM

T0 41.61 (7.94) 42.14 (5.16) 43.00 (5.90)

T1 39.23 (7.27) 38.85 (7.54) 41.28 (4.91)

T2 38.14 (5.69) 39.00 (7.94) 40.60 (5.35)

T3 36.39 (7.68) 37.88 (8.33) 41.48 (6.12)

Table 2.  Mean and SD values of total scale scores by group.
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effect of combining the intervention with theta oscillatory modulation. The theta and beta (active control) 
modulation groups exhibited similar benefits to the GGSE only non-modulation control group, as measured up 
to 6 months following the intervention.

Previous RCTs25,26,30,31 and one study using real world data37 have consistently demonstrated the efficacy 
and effectiveness of training with various modules of the GGtude platform in improving self-esteem. This is the 
first RCT, however, to assess the GGSE module of the platform that specifically targets maladaptive cognitions 
implicated in the maintenance of low self-esteem. This is also the first published RCT comparing the effectiveness 
of the GGtude platform with active control groups. The findings from this study, therefore, lend further support 
to the efficacy of GGSE in improving self-esteem as well as related psychological constructs. Moreover, findings 
from this study indicate that improvement in self-esteem was maintained at all subsequent time points including 
at the 6-month follow-up, as well as a significant proportion of participants (20%) reaching clinically meaningful 

Contrast Group Estimate SE df t. ratio Cohen’s d p-value

t1–t0 Theta 3.74 0.87 82 4.32 0.70 < 0.001***

t2–t0 Theta 2.94 0.78 82 3.77 0.55 < 0.001***

t3–t0 Theta 4.10 1.00 82 4.08 0.76 < 0.001***

t1–t0 Beta 3.59 0.90 82 4.00 0.67 < 0.001***

t2–t0 Beta 4.76 0.80 82 5.91 0.88 < 0.001***

t3–t0 Beta 3.59 1.04 82 3.45 0.67 < 0.001***

t1–t0 GGSE only 3.00 0.96 82 3.11 0.56 0.004**

t2–t0 GGSE only 3.00 0.87 82 3.46 0.56 0.003**

t3–t0 GGSE only 3.16 1.12 82 2.82 0.59 0.006**

Table 3.  Follow up analyses for changes in RSES scores over assessment points.

 

Fig. 1.  Self esteem (Rosenberg Self Esteem Scale “RSES”) by Group (Theta/Beta/GGSE only control) and 
assessment points: baseline (T0), post-treatment (T1), 1-month follow-up (T2), 6-month follow-up (T3). Error 
bars represent 95% confidence intervals.
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improvement as indicated by the RCI of RSES. These results provide additional evidence to support the long-
term maintenance of CBT for self-esteem.

The training exercises on the GGtude platform were designed to change the relative activation of adaptive and 
maladaptive cognitions such that the adaptive cognitions would be more easily retrieved than the maladaptive 
ones36. GGSE targets maladaptive cognitions known to be implicated in the maintenance of low self-esteem such 
as self-criticism, perfectionism and the tendency to compare. Repeated exposure to self-statements challenging 
these beliefs may increase users’ ability to generate and retrieve alternative self-statements promoting more 
positive self-view. The repeated pairing of self-referential pronouns with action words (verbs) with positive 
meaning during these exercises may also increase users’ positive implicit self-esteem74. Also, the brief 
psychoeducation scripts provided during these daily exercises may help motivate users and consolidate users’ 
understanding of basic CBT principles75.

Contrary to our main hypothesis, findings indicate no advantage for theta oscillatory modulation. Both theta 
and beta (active control) modulation groups exhibited similar benefits to the GGSE only (non-modulation) 
control group, as measured up to six months following the intervention. There are several possible reasons why 
the predicted benefit of post-training theta upregulation was similar to that of post-training beta upregulation 
and GGSE only groups.

One possible explanation for why our findings indicates no advantage for theta oscillatory modulation, 
is that bolstering memory consolidation via theta upregulation may be less effective in benefiting CBT-
based improvement due to the mnemonic nature of the effects of the GGSE intervention. Although we have 
demonstrated that post-acquisition theta upregulation improves retention of various types of declarative 
memory and of the early stages of procedural motor skill learning53–57, the changes in attitude engendered by the 
intervention might be based on a different type of learning, leading to incremental practice-based modification 
of beliefs and behaviors. These might be more similar to the slow gradual changes in the extended phases of 
procedural learning, which are not dependent on the hippocampus76, and therefore not necessarily affected by 
theta upregulation.

Theta group Beta group GGSE only group

1 3.2 2.03 0.75

2 1.37 2.71 0.25

3 2.97 1.19 2.26

4 1.6 1.35 1

5 3.89 2.03 1

6 0.23 −0.17 0.25

7 1.6 2.2 2.01

8 0.92 −0.68 2.26

9 −1.14 0.17 1

10 2.29 0.34 0

11 1.6 0.68 2.26

12 2.06 0.51 0.5

13 0.46 0.17 1

14 −0.23 0.85 0.75

15 0.92 0.51 1

16 1.14 1.35 0.75

17 1.37 1.02 −0.5

18 1.6 1.86 2.01

19 1.14 0 0.25

20 0 0.68 1

21 0 −0.51 0

22 2.06 0.85 2.76

23 0.23 0.17 −0.75

24 −0.46 −0.17 −1.75

25 0.46 −1.02 −0.25

26 −0.92 −0.17 NA

27 0.46 −2.03 NA

28 −1.37 1.52 NA

29 2.75 0.17 NA

30 −1.83 NA NA

31 0.69 NA NA

Table 4.  Clinical change: RCI of the RSES.
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Fig. 2.  Secondary outcome scales by group (Theta/Beta/GGSE only control) and assessment points: baseline 
(T0), post-treatment (T1), 1-month follow-up (T2), 6-month follow-up (T3). Error bars represent 95% 
confidence intervals.

 

Scale Effect f df1 df2 Partial eta-squared p-value

DAS Group 0.30 2.00 82.00 0.01 0.738

DAS Assessment point 24.62 2.59 212.76 0.23 < 0.001***

DAS Group * assessment point 1.29 5.19 212.76 0.03 0.27

MPS Group 0.79 2.00 82.00 0.02 0.457

MPS Assessment point 19.66 2.69 220.64 0.19 < 0.001***

MPS Group * assessment point 0.68 5.38 220.64 0.02 0.649

SCS Group 0.37 2.00 82.00 0.01 0.69

SCS Assessment point 30.04 2.70 221.72 0.27 < 0.001***

SCS Group * assessment point 2.02 5.41 221.72 0.05 0.071

INCOM Group 1.88 2.00 82.00 0.04 0.16

INCOM Assessment point 11.96 2.92 239.64 0.13 < 0.001***

INCOM Group * assessment point 1.21 5.84 239.64 0.03 0.303

DASS Group 0.72 2.00 82.00 0.02 0.49

DASS Assessment point 23.19 2.77 226.92 0.22 < 0.001***

DASS Group * assessment point 0.51 5.53 226.92 0.01 0.788

SIAS Group 3.25 2.00 82.00 0.07 0.044*

SIAS Assessment Point 13.12 2.61 214.12 0.14 < 0.001***

SIAS Group * assessment point 1.73 5.22 214.12 0.04 0.126

Table 5.  Effects of group and assessment points on various symptom and process scales.
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In this study, due to the device settings, we employed theta entrainment at a frequency of 5.5 Hz. In our 
previous brain stimulation (via tACS) study53 theta was set at 3 Hz. Prior studies found 3 Hz to be the theta 
band frequency most strongly implicated in memory consolidation77. It is possible that a frequency of 3 Hz, or 
individually determined theta peak frequency entrainment, would be better for consolidating new therapeutic 
learning.

In addition, the distinct outcomes observed in the present study in which we used AVE with CES, as opposed 
to tACS53, and NFB54,55 in our previous research, can be understood in light of their differing neurophysiological 
mechanisms. AVE + CES, which relies on rhythmic sensory stimulation and mild cranial electrical currents, 
exerts its effects through the broad modulation of neural networks. Specifically, AVE attempts to entrain brain 
oscillations by presenting external auditory and visual stimuli at frequencies aimed at synchronizing endogenous 
rhythms, while CES influences overall neural excitability by delivering mild electrical currents59–61. This method 
inherently influences large-scale neural systems rather than modulating specific circuits or regions implicated in 
cognitive and emotional functions.

In contrast, tACS delivers alternating electrical currents directly to the scalp at frequencies designed to 
match and modulate endogenous brain rhythms. Since tACS (as opposed to NFB and AVE + CES) is focused 
on particular scalp locations, the selection of the most effective montage for stimulating brain areas involved 
in consolidation processes is important. This method exerts more precise control over neuronal oscillations, 
leading to phase alignment of neuronal firing in targeted regions. By influencing more localized cortical circuits, 
tACS can modulate functional connectivity between brain regions involved in cognitive processes, such as the 
hippocampal-cortical networks crucial for memory consolidation78.

In addition, NFB represents an individualized and proactive approach, offering real-time feedback based on 
a participants’ brain activity. This method allows for dynamic training of specific brain states, as participants 
are reinforced for achieving desired neural oscillatory patterns. The adaptability of NFB enables precise and 
individualized modulation of brain states, resulting in targeted interventions that can potentially optimize 
neurocognitive outcomes58.

The mechanistic differences between these three methods help explain the results observed in this study. 
AVE + CES, with its broader, less focused modulation, likely lacks the specificity to effectively influence the 
neural circuits underpinning self-esteem and related cognitive functions for optimal therapeutic outcomes. 
Determining whether theta upregulation of the consolidation of new learning can benefit CBT-based changes if 
different stimulation methods are employed, or whether theta increases cannot in principle aid the strength of 
CBT-based interventions, seemingly requires further research.

The current study has several limitations. The sample size was relatively small, and our study included 
multiple measures. A larger sample size may have provided the statistical power to detect smaller effect-size 
interactions after correcting for multiple comparisons. Although several RCTs have shown the relative efficacy of 
training on the GGtude platform compared with waitlist control groups, inclusion of such an additional control 
group may have provided further insights into the differences between groups. Also, the age range of participants 
in our sample was relatively restricted (between 18 and 37 years) preventing generalization of the results to wider 
age groups. In addition, although participants were monitored for compliance, conducting the intervention at 
home may introduce variability in the environment and adherence to protocol, which could affect the outcomes.

Another potential limitation of our study is the possibility that regression to the mean may have influenced the 
results. Participants were selected based on low self-esteem and might naturally show some improvement over 
time independent of the intervention. However, several factors mitigate this concern. For instance, the groups 
were comparable at baseline, reducing the likelihood that extreme values in any particular group skewed the 
results and ensuring that any changes observed are less likely due to statistical artifacts. Also, we observed positive 
changes across multiple psychological measures, including self-esteem, processes measures (e.g. perfectionism, 
the tendency to compare) and symptoms (e.g., depression and anxiety). This suggests that the intervention 
produced genuine effects rather than being solely due to regression to the mean on one measure. Moreover, 
these improvements persisted across all follow-up assessments over six months. Importantly, regression to the 
mean typically does not account for sustained improvements over an extended period. Additionally, our findings 
align with those from four randomized controlled trials conducted in the USA, Spain, Italy, and Israel25,26,30,31 
that included self-esteem measures. These studies found that using various modules of the GGtude platform led 
to increased self-esteem compared with a waitlist control group, with gains maintained at follow-up evaluations. 
Therefore, the replication of positive outcomes across diverse populations and settings strengthens the argument 
that the improvements are unlikely to be solely due to regression to the mean.

In conclusion, while the neuromodulatory manipulation did not achieve its hypothesized benefit, the finding 
that the intervention benefits persisted for 6 months after treatment is an important addition to our prior 
findings22,23,25,37. We believe that this data further supports using this CBT-based intervention as an effective, 
long-lasting method of improving self-esteem and neuro-wellness.

Data availability
The datasets generated and analyzed during the current study are available in the figshare repository, ​h​t​t​p​s​:​/​/​d​o​
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