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Abstract

The purpose of this study was to analyze secondary resiliency and user experience out-

comes from a novel, 8-week website-based mind-body intervention (NF-Web) for adults (18

+) with neurofibromatosis (NF1, NF2, and schwannomatosis), a genetic, neurocutaneous

disorder characterized by nerve sheath tumors of the central and peripheral nervous sys-

tem. The study design was a secondary data analysis of a single-arm, early feasibility pilot

study (September 2020-May 2021) for adults with NF (N = 28). Across participants, the

mean age was 46 (SD = 13.67) and included 22 females and 6 males. Participants com-

pleted baseline and posttest assessments (t-tests), as well as exit interviews (exploratory

rapid data analysis). Results demonstrated that participation was associated with pre-to-

post improvements in gratitude, coping, and mindfulness (p < .05). Exit interviews indicated

participant enjoyment and that many would recommend NF-Web to a friend. Participants

found the website easy to navigate and enjoyed NF-Web’s video format. Many found tran-

scripts useful if they had hearing differences or if English was their second language. NF-

Web demonstrated initial signals of improvement in resiliency outcomes and positive user

experience. Future pilot RCTs will explore these changes by NF type.

Introduction

Neurofibromatosis (NF; NF1, NF2) is a genetic, neurocutaneous disorder characterized by

nerve sheath tumors of the central and peripheral nervous system, including the brain, spinal

cord, and skin [1]. NF1 is the most common, with an incidence of 1 in 3,000 births [2], fol-

lowed by NF2 (1 in 33,000) [3], and schwannomatosis (1 in 60,000) [4]. Disfiguring cutaneous

tumors, focal neurological deficits (e.g., poor gait, facial weakness, hearing loss), and chronic

pain are common symptoms of NF1, NF2, and schwannomatosis, respectively. With no cura-

tive interventions, treatment is mostly limited to surgical and palliative options and, only more

recently, pharmacological (MEK inhibitors) [5].

In light of these challenges, adults with NF can experience lower quality of life (QoL), more

pain, lower self-esteem, higher levels of stress, and greater symptoms of depression and anxiety

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0295546 December 21, 2023 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Wang KE, Vranceanu A-M, Lester EG

(2023) Resiliency outcomes after participation in

an asynchronous web-based platform for adults

with neurofibromatosis: The NF-Web study. PLoS

ONE 18(12): e0295546. https://doi.org/10.1371/

journal.pone.0295546

Editor: ArunSundar MohanaSundaram,

Sathyabama Institute of Science and Technology,

INDIA

Received: June 5, 2023

Accepted: November 23, 2023

Published: December 21, 2023

Copyright: © 2023 Wang et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data that

can be shared are within the Supporting

Information files.

Funding: Children’s tumor foundation Texas NF

Foundation NF Northeast NF Midwest

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0003-3020-7224
https://orcid.org/0000-0002-7282-8865
https://doi.org/10.1371/journal.pone.0295546
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0295546&domain=pdf&date_stamp=2023-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0295546&domain=pdf&date_stamp=2023-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0295546&domain=pdf&date_stamp=2023-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0295546&domain=pdf&date_stamp=2023-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0295546&domain=pdf&date_stamp=2023-12-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0295546&domain=pdf&date_stamp=2023-12-21
https://doi.org/10.1371/journal.pone.0295546
https://doi.org/10.1371/journal.pone.0295546
http://creativecommons.org/licenses/by/4.0/


relative to the general population [6–10]. Though few NF-specific psychosocial treatment

options exist, a recently developed live video intervention for adults with NF (Relaxation

Response Resiliency Program for NF [3RP-NF]) was found to be feasible, acceptable, and asso-

ciated with improvements in QoL, emotional distress, and pain [11]. However, exit interviews

from this program indicated a need for other accessible formats of the program leveraging

technology [12]. We aimed to address this identified need by developing an asynchronous

website-based (“web-based”) intervention based on the feasible live video 3RP-NF program,

allowing participants to complete modules on their own based on their own schedules. In gen-

eral, web-based programs are useful for individuals who have barriers (i.e., transportation,

mobility, schedule conflicts, learning differences, NF-specific physical appearance concerns) to

traditional and live-video interventions. While web-based platforms may be a deterrent for

those who do not prefer this medium for learning, expanding intervention modalities provides

an opportunity to increase care accessibility. We piloted this web-based intervention in adults

with NF and found it to be initially feasible and accepted by patients with positive signals of

improvement for QoL and emotional distress [13].

Though NF-Web was found to be feasible, acceptable, and improved measures of QoL and

emotional distress [13], resiliency outcomes (i.e., resources that make one more adaptable in

the face of adversity) measured as part of the program (e.g., coping, mindfulness, optimism,

gratitude) have yet to be explored. Improvements in coping, social support, and mindfulness

were associated with previous live video 3RP-NF trial participation [14]. Additionally, we have

yet to assess user experience and participant impressions of NF-Web which may provide valu-

able feedback for future web-based psychosocial programming.

We now report on our secondary analysis of resiliency outcomes, as well as qualitative find-

ings from exit interviews, to better understand the NF-Web program outcomes and user expe-

rience. We hypothesized that participation in NF-web would be associated with improvements

in resiliency outcomes (perceived social support, gratitude, optimism, perceived coping abili-

ties, mindfulness, and empathy) pre- to post-test and that NF-web would elicit positive user

impressions at time of program completion.

Methods

Procedures

The Massachusetts General Hospital Institutional Review Board (IRB) approved all procedures

related to this study (approval number: 2019P002950). We obtained informed written consent

from all individual participants prior to enrollment. Before starting the program, participants

completed baseline measures through REDCap (a secure electronic research data collection

software) [15] and an orientation/introduction module to guide platform usage. Following this

introduction module, participants began completing weekly NF-Web modules for 8 weeks as

they were assigned by study staff (i.e., unlocked on Wordpress.org).

While this study was conducted during the COVID-19 pandemic, participant experience of

the platform–barring broad impacts like any other study–was largely unaffected, due to the

web-based format of the program. Procedurally, from the study administrator standpoint,

there were some additional challenges in recruitment, coordinating meetings, and follow up

assessment; however, they were similarly mitigated by the web-based design. Throughout the

program, study staff monitored module completion via the dashboard function Users in

Wordpress.org. In order to effectively do so, we maintained access to information that could

identify participants during data collection. Study coordinators contacted participants who

did not complete the first NF-Web module within 4 days of the first week or missed two or

more sessions consecutively to resolve any relevant technical issues or barriers. We recorded
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weekly module completion, discussion board participation, survey completion, and homework

completion in a separate study log on a secure desktop.

After the program concluded, participants completed posttest assessments through the

same REDCap system [15]. We gave participants the option to complete a semi-structured exit

interview by telephone to assess satisfaction, barriers and facilitators, and suggestions for

NF-Web improvements (user experience) after program completion.

Participants

We recruited participants between 10/1/2020–5/13/2021 from two primary sources: from our

efficacy trial study log of those who expressed interest but could not participate [11], and

through our study flyer sent to our funding foundations (NF Northeast, NF Midwest, Texas

Neurofibromatosis Foundation, and the Children’s Tumor Foundation) through emailed

newsletters, foundation announcements, and websites. Beyond this recruitment contact, the

funders had no role in study design, analysis, decision to publish, or preparation of this

manuscript.

We successfully recruited and enrolled 28 participants across two cohorts (14 each) to take

part in the 8-week NF-Web trial. Our recruitment strategy attempted to stratify by NF type to

reflect the relative prevalence of each illness in the general population. Our enrollment goal

was 25–30, leaving approximately 16–20 participant slots for NF1, 4–6 for NF2, and 2–4 for

SCHW. When we met specific enrollment goals for an NF type, we shifted focus to enrollment

of other NF types accordingly. We also used a cohort-model of participation to simulate group

interactions with discussion board content and to optimize administrative support for

NF-Web (e.g., website support, email contact). Inclusion/exclusion criteria are the same as the

live video trial [11] and are presented in Table 1 below.

NF-Web program

The NF-Web program is an 8-module, asynchronous web-based mind-body intervention with

content adapted directly from the 3RP-NF mind-body group intervention for adults with NF

[11] and designed based on qualitative information gathered from 3RP-NF participants [12].

Each week, participants complete treatment modules at their own pace over the week period.

Participants are taught resiliency skills from the 3RP-NF in each session through pre-recorded

video lessons by the PI (EGL), including skills such as stress awareness (e.g., identifying nega-

tive automatic thoughts) and coping strategies (e.g., adaptive thinking). Each module includes

audio, video, transcripts, recordings of transcripts, summary sheets, and embedded links to

other parts of the website [13,16]. Participants are also administered weekly homework assign-

ments and quizzes through the NF-Web platform to ensure adherence and comprehension of

Table 1. Inclusion/Exclusion criteria for NF-Web.

Inclusion/exclusion Criteria for NF-Web

• Adults aged 18 years or older

• Diagnosis of neurofibromatosis (NF; NF1, NF2, or schwannomatosis)

• English-speaking and self-reported literacy at 6th grade reading level or above

• Self-reported difficulties coping with stress and NF symptoms

• Score of 6 or higher on the Perceived Stress Scale v.4 (PSS-4)

• No Cognitive Behavioral Therapy or relaxation therapy in the past 3 months

• No change in antidepressant medication in the past 3 months

• No medical comorbidity expected to worsen in the next 12 months

• Did not participate in previous adult live video program (3RP-NF)

• Able to complete questionnaires online and participate in live video interventions

https://doi.org/10.1371/journal.pone.0295546.t001
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materials. Each module includes 30 minutes of video in each session, broken down into 5–7

videos that are 3–5 minutes in length. Participant completion time per module is approxi-

mately one hour or less.

In addition to the program, participants have access to a discussion board integrated into

the NF-Web webpage. Each module has a specific prompt provided by study staff to encourage

participants to go over to the discussion board and connect with other participants. Partici-

pants are also provided a “Frequently Asked Questions” (FAQs) page, as well as a contact page

where participants were able to ask questions directly to the study staff.

Measures

Social support. The Medical Outcome Study Social Support Survey (MOS) [17] is a

19-item measure used to assess perceptions of social support within four domains: emotional,

tangible, affectionate, and positive social interactions. Items on the MOS are rated on a Likert-

type scale ranging from 1 (none of the time) to 5 (all of the time) with higher scores indicating

greater perceived social support (range: 19–95). The alpha for this measure was .96.

Gratitude. The Gratitude Questionnaire (GQ-6) [18] is a 6-item measure that assesses an

individual’s dispositional gratitude. Items on the GQ-6 are rated on a Likert-type scale ranging

from 1 (strongly disagree) to 7 (strongly agree) with higher total scores representing a greater

disposition towards gratitude (range: 7–42). The alpha for this measure was .93.

Optimism. The Life Orientation Test–Revised (LOT-R) [19,20] is a 10-item measure that

assesses personal tendencies towards optimism vs. pessimism (bidimensional traits) [21]. Out

of the 10 items, 4 are used as “filler” items (i.e., not calculated in total score), while the other 6

are scored for optimism. Items on the LOT-R are rated on a 5-point Likert-type scale ranging

from 1 (I disagree a lot) to 5 (I agree a lot) with higher scores indicating greater optimism

(range 0–40). The alpha for this measure was .81.

Perceived coping abilities. The Measure of Current Status–A (MOCS-A) [22] is a

13-item measure that assesses perceived ability in utilizing coping skills (e.g., restructuring

thoughts, relaxation, working through tension and stress). Items on the MOCS-A are scored

on a 5-point Likert-type scale ranging from 0 (I cannot do this at all) to 4 (I can do this
extremely well) with higher total scores representing greater perceived coping abilities (range

13–52). The alpha for this measure was .90.

Mindfulness. The Cognitive and Affective Mindfulness Scale (CAMS) [23] is a 12-item

measure used to assess an individual’s mindfulness in the present-moment (i.e., nonavoidant

and nonjudgmental thoughts and feelings). Items on the CAMS are scored on a 5-point Likert-

type scale ranging from 0 (not at all) to 4 (almost always). Items are then summed with higher

scores indicating greater mindfulness (range: 12–48). The alpha for this measure was .81.

Empathy. The Interpersonal Reactivity Index (IRI) [24] is a 28-item measure used to

assess an individual’s dispositional empathy across four subscales: perspective taking, fantasy,

empathic concern, and personal distress. Our study used one subscale from this measure,

empathic concern, which is 7 items presented as a total score. Items on the IRI are scored on a

5-point Likert scale ranging from 0 (does not describe me well) to 4 (describes me very well;
range: 0–28). The alpha for this measure was .81.

User experience. In addition to our resiliency outcomes, we assessed general user experi-

ence using non-validated questions delivered after program completion [25]. These questions

pertained to program satisfaction and perceived financial value, had users not participated for

free. The questions we asked included: “Generally speaking, I enjoyed participating in the

NF-Web program”, “I found the NF-Web program to be helpful”, “I would recommend

NF-Web to other people with NF”, and “If I had not participated for free as part of this
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research study, I would consider paying money to participate in this program (NF-Web)”.

These questions were rated on a 5-point Likert-type scale from 0 (Strongly Disagree) to 4

(Strongly Agree) with 2 representing neutral responding (Neither Agree or Disagree). Each indi-

vidual item was scored and examined separately, with higher scores indicating greater subjec-

tive user experience satisfaction or perceived financial value. We examine these data based on

frequency scores (N, %) instead of central tendencies (M, SD) for ease of interpretation.

Semi-structured exit interview. Within the month of program completion (0–4 weeks),

participants scheduled and completed an exit interview over the telephone with the PI. Partici-

pants were asked questions related to their participation experience, including questions like,

“What did you see as improving most from the program?” and “What did you think about the

session materials?” Interviews were audio recorded and transcribed.

Data analysis

We used the Statistical Packages for the Social Sciences version 25 software (SPSS 25) to ana-

lyze quantitative data similarly to the main 3RP-NF trial [11,14]. Specifically, we conducted a

secondary data analysis to examine the changes in resiliency outcomes and user experience

associated with NF-Web participation and used simple paired sample t-tests from pre- to post-

test. In addition to these inferential tests, we also explored descriptive statistics for user experi-

ence surveys (M, SD). These data are available in a Supporting Information file (below) as part

of this manuscript.

For our qualitative data analysis, our study team examined and discussed each transcribed

interview for rapid data analysis (RDA) [26] summaries similar to methods we have used in

other qualitative studies [27]. Compared to traditional qualitative methods, rapid data analysis

seeks to understand key insights or intervention features rather than provide a detailed, theo-

retically rich understanding of a concept. This approach allows study teams to acquire qualita-

tive data on a shorter timeline than traditional qualitative methods that is readily applicable to

real-world challenges [28–31]. Through our rapid data analysis, we were able to review the

insights gained from each cohort and recognize when we stopped generating new conclusions

from transcriptions. Notes were taken from each transcript as they related to three major cate-

gories: General feedback, Specific positive aspects of the program, and Areas for program
improvement. Given that our qualitative findings were an exploratory outcome for our current

study, the RDA procedure allowed us to quickly extract key aspects of each interview related to

our specific areas of focus without the time and resource burden of a full thematic analysis

used in previous NF studies [12].

Results

Sample characteristics and attrition

The sample demographics and attrition have been described in full in the primary outcomes

paper [13]. Briefly, of the 57 adults screened for eligibility, 28 (14 per cohort; N = 28; 78.6%

female, 82.1% white) met study criteria and enrolled. Of these, all 28 participants completed

baseline assessments and at least one module of NF-Web (100%) and 20 participants com-

pleted at least half (�4) of the modules (71%; treatment adherence). Of those enrolled, 25 par-

ticipants completed post-test (89%). Screening and completion data are presented in Fig 1.

Descriptively, there did not appear to be major differences between completers and non-com-

pleters. The sample included 19 participants with NF1 (67.86%), 6 with NF2 (21.43%), and 3

with SCHW (10.71%). Participant demographic variables are presented in Table 2, with unad-

justed means for the resiliency outcomes at each time point presented in Table 3.
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Post-intervention outcomes

Participation in NF-Web was associated with improvements in gratitude (Mdifference = +2.75;

95% CI: -4.94 –-0.56; p = .016), coping (Mdifference = +6.27; 95% CI: -10.72 –-1.82; p = .008),

and mindfulness (Mdifference = +4.25; 95% CI: -6.61 –-1.89; p = .001) from baseline to post-test.

NF-Web was not associated with improvements in social support (Mdifference = +5.09; 95% CI:

-10.42–0.25; p = .061), optimism (Mdifference = +1.24; 95% CI: -2.57–0.09; p = .067), or empathy

(Mdifference = -0.43; 95% CI: -1.19–2.06; p = .584).

Fig 1. CONSORT diagram for NF-Web.

https://doi.org/10.1371/journal.pone.0295546.g001
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Table 2. Demographic characteristics for NF-Web sample (N = 28).

Characteristics N (%)

Diagnosis

NF1 19 (67.86%)

NF2 6 (21.43%)

Schwannomatosis 3 (10.71%)

Age M = 45.86 (SD = 13.67)

Gender

Female 22 (78.6%)

Male 6 (21.5%)

Learning diagnosis

Yes, I Was Diagnosed with One 8 (28.57%)

I Think So, I Was Never Formally Diagnosed 4 (14.29%)

No 14 (50.00%)

I Don’t Know 2 (7.14%)

Education Level

Completed high school 5 (17.9%)

Some college or associate degree 12 (42.9%)

Completed 4 years of college 6 (21.4%)

Graduated of Professional Degree 5 (17.9%)

Marital Status

Married 14 (50.00%)

Living With Someone

in a Committed Relationship

1 (3.57%)

Single 10 (35.71%)

Separated 1 (3.57%)

Divorced 1 (3.57%)

Widowed 1 (3.57%)

Race

White 23 (82.14%)

Black/African American 1 (3.57%)

More Than One Race 2 (7.14%)

Missing/ choose not to answer 2 (7.14%)

Ethnicity

Hispanic or Latino/Latina 2 (7.14%)

Not Hispanic or Latino/Latina 25 (89.29%)

Missing/ choose not to answer 1 (3.57%)

https://doi.org/10.1371/journal.pone.0295546.t002

Table 3. Unadjusted baseline and post-test resiliency outcomes (M/SD) after NF-Web participation.

Measurement Baseline (T1) Post-test (T2) MDiff (T2-T1)
Social support 71.39 (17.62) 76.48 (19.19) 5.09

Gratitude 32.29 (8.60) 35.04 (7.48) 2.75

Optimism 10.40 (3.48) 11.64 (4.46) 1.24

Mindfulness 29.29 (5.99) 33.54 (6.77) 4.25

Empathy 23.87 (4.01) 23.43 (4.46) -0.43

Perceived coping abilities 23.00 (8.53) 29.27 (12.06) 6.27

https://doi.org/10.1371/journal.pone.0295546.t003
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Exploratory findings

User experience data. User experience outcomes indicated that most participants enjoyed

participating in NF-Web (“Agree” or “Strongly Agree”; n = 18; 72%), found the program help-

ful (“Agree” or “Strongly Agree”; n = 17; 68%), and would recommend NF-Web to a friend

(“Agree” or “Strongly Agree”; n = 14; 56%). In terms of financial value (i.e., whether partici-

pants would have been willing to pay for NF-Web), a majority of participants were either

ambivalent (“Neither agree nor disagree”; n = 11; 44%) or unwilling to pay for NF-Web (“Dis-

agree” or “Strongly disagree”; n = 10; 40%) had it not been offered for free as part of this study.

Of the three participants who would be willing to pay for NF-Web, none offered an amount

they would be willing to pay.

Qualitative exit interview. Based on rapid data analyses, the general feedback we received

reflected a predominant enjoyment of the program. Participants found the website easy to nav-

igate and described the modules as useful. The self-guided, asynchronous nature of the pro-

gram was convenient for participants who were able to complete session materials when their

schedules allowed. Specific positive aspects of the program included user enjoyment of the

video format, citing their preferences for audio-visual learning. Some participants found the

lesson transcripts useful if they had hearing differences or if English was their second language.

Many participants appreciated the gratitude skills session, with one participant reflecting, “you

have more than you realize.” All participants enjoyed working with the study staff. Regarding

areas of improvement, some study participants provided suggestions for NF-Web. The discus-

sion board embedded into the website was not heavily used, and participants expressed interest

in receiving reminders to engage with the forum to benefit from the group experience. Some

users experienced variable video and sound quality or issues with the webpage on different

devices (i.e., iPad). Some participants with mild NF symptoms described their experiences

watching modules that did not apply to them, with some appreciating the perspective of the

future and others requesting disclaimers that certain experiences are not universal. Last, many

participants suggested adding patients with NF to the video modules for future versions of

NF-Web.

Discussion

We designed NF-Web for patients with NF who experienced barriers (i.e., transportation,

mobility, schedule conflicts, learning differences, NF-specific physical appearance concerns) to

traditional and virtual forms of care (live video groups). NF-Web was based on the live video

adult 3RP-NF [11,14] and was adapted with participant feedback [12]. Our early feasibility

trial [13] demonstrated that NF-Web is feasible, acceptable, and associated with improvements

in QoL and emotional distress. Findings from the current study suggest that participation in

NF-Web was associated with additional within-group improvements in gratitude, coping, and

mindfulness from baseline to post-test. No significant differences were observed in social sup-

port, optimism, or empathy after program completion. Additionally, participants endorsed

positive user experience and provided useful feedback during exit interviews for improving

NF-Web.

Our findings were consistent with the live video 3RP-NF program, where participation in

3RP-NF was associated with improvements in coping and mindfulness compared to a health

education placebo control group [14]. Coping is a multifaceted skill that has been demon-

strated to reduce the cognitive impact of a difficult person-environment relationship [32] and

improve health outcomes in other populations [33–35]. Additionally, mindfulness has been

shown to reduce cognitive vulnerabilities through the increase of skillful response and aware-

ness [36]. These resiliency outcomes are important targets for psychosocial interventions, as
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the ability to cope with diagnosis-related stressors and non-judgmentally manage symptoms

and stress have been found to improve health outcomes in other populations [14,33–35]. We

anticipated improvements in coping and mindfulness specifically because NF-Web directly

targets and teaches these resiliency skills through engaging video lessons and homework

assignments. These skills are amenable to psychosocial training [37] and have been shown to

improve after participation in the 3RP program in other medical populations [11,14,37].

Different from the live video 3RP-NF, participation in NF-Web was associated with

improvements in gratitude. Gratitude has been associated with significant improvements in

positive affect and well-being [38,39], decreases in physical symptoms [40], and is a proximal

treatment target of the 3RP-NF program [6]. Although this finding was encouraging as a signal

of improvement, we are not able to draw definitive conclusions about this variable due to the

lack of a comparison for this small feasibility trial. Future fully powered studies will assess

changes in gratitude post-intervention and its potential for improvement after deliberate skills

training.

Nonsignificant improvements in social support and empathy may be due to the asynchro-

nous design of our program. NF-Web was developed to be a convenient, asynchronous web-

based tool for people with NF. This unique characteristic of NF-Web may have impacted these

interpersonally focused outcomes (i.e., social support and empathy), which are typically aided

and stimulated by group interaction [41]. Interventions which offer in-person or live video

interactions, like our 3RP-NF program [14], may be more likely to facilitate improvements in

these interpersonally focused resiliency outcomes after participation. Future work may look to

explore how interpersonal aspects of these programs can be better supported as part of self-

guided programs like NF-Web (e.g., collaborative homework assignments, encouraging social

media engagement).

It is possible that NF-Web did not result in significant improvements in optimism due to

both the diversity of illness presentation (i.e., heterogeneity of symptoms and experiences)

impacting one’s outlook on the future, as well as optimism being more related to dispositional

factors which may be more trait-like vs. state-like. Research suggests that one’s optimism is

more related to personal history of successes and internal attributes [19], rather that one’s

environment and external attributes. Also, programs like NF-Web are relatively brief and may

not have the “treatment potency” (i.e., strength) of intervention effect to directly improve an

individual’s sense of optimism. The live video 3RP-NF also did not show improvements in

optimism [14], and other interventions which target optimism have generally shown mixed

results [42,43].

Based on our exploratory findings, NF-Web was well-received and deemed both helpful

and enjoyable by users, and participants indicated that they would recommend the program to

others with NF. Specifically for rare illness populations like NF, gathering information on user

experience can be highly informative of the needs of the population [12]. Future interventions

should reflect an incorporation of suggestions given by participants, to both optimize interven-

tion results and promote user engagement. Given the diversity of illness experiences, we can-

not assume that all participants will respond to the intervention in the same way, nor can we

create an intervention that addresses all needs. Incorporating coaching on how to apply gen-

eral skills to meet specific needs may benefit participants in future iterations of our program.

Implicit measures of attention and engagement (e.g., screentime, clicks) may also be useful to

collect in future interventions, as we may capture an added dimension of user attitudes

through such measures. Additionally, we found that a majority of participants were either

ambivalent or unwilling to pay for NF-Web, had it not been offered for free. Given that user

perceptions of value and quality are often influenced by price [44], it is possible that offering

free interventions may make participants less likely to consider paying for them in the future.
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Designing future iterations with payment requirements in mind may be beneficial to assist

with financial support of these programs. Since this was an early feasibility study, we did not

integrate product design aspects (e.g., marketing, aesthetics, advertising, pay walls, and free

trial periods)–though they may be useful to optimize user experience and aid with producing

revenue from this program.

The NF-Web study has several limitations and strengths. Study limitations included a mod-

est sample size, lack of comparison group, a homogenous sample (white, well-educated,

female), and limited follow-up assessment (one post-test timepoint). Additionally, we were not

able to fully gauge user engagement (i.e., screentime tracking, video view counts, etc.) as the

technology of NF-Web is still in initial phases of development. The accessibility and scalability

of NF-Web for an underserved population, the opportunity for multiple modalities of inter-

vention and assessment for people with NF, and the generally positive reception of the pro-

gram and retention of participants are clear strengths and warrant more attention in future

work related to NF-Web.

Conclusion

Our study demonstrates that participants in NF-Web enjoyed the platform and its content.

Despite the small sample size, we observed improvement in gratitude, coping, and mindfulness

which are powerful resiliency outcomes that influence overall well-being, physical symptoms,

and the reduction of cognitive vulnerabilities. Results support NF-web as a possible future

option for people with NF who have barriers (i.e., transportation, mobility, schedule conflicts,

learning differences, NF-specific physical appearance concerns) to participation in traditional

support programs. Future directions should include exploring multifaceted learning

approaches to interventions (i.e., audio, audio-visual), as well as incorporating interpersonal

engagement opportunities in asynchronous formats to promote participant retention. With

participants able to revisit modules whenever is convenient, NF-web’s asynchronous format

provides an essential foundation for exploring many temporal and comprehensible advantages

to a diversity of learners in future interventions.
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