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Abstract

Background: Cancer and its treatment can significantly impact the short- and long-term psychological well-being of patients
and families. Emotional distress and depressive symptomatology are often associated with poor treatment adherence, reduced
quality of life, and higher mortality. Cancer support groups, especially those led by health care professionals, provide a safe place
for participants to discuss fear, normalize stress reactions, share solidarity, and learn about effective strategies to build resilience
and enhance coping. However, in-person support groups may not always be accessible to individuals; geographic distance is one
of the barriers for access, and compromised physical condition (eg, fatigue, pain) is another. Emerging evidence supports the
effectiveness of online support groups in reducing access barriers. Text-based and professional-led online support groups have
been offered by Cancer Chat Canada. Participants join the group discussion using text in real time. However, therapist leaders
report some challenges leading text-based online support groups in the absence of visual cues, particularly in tracking participant
distress. With multiple participants typing at the same time, the nuances of the text messages or red flags for distress can sometimes
be missed. Recent advances in artificial intelligence such as deep learning–based natural language processing offer potential
solutions. This technology can be used to analyze online support group text data to track participants’expressed emotional distress,
including fear, sadness, and hopelessness. Artificial intelligence allows session activities to be monitored in real time and alerts
the therapist to participant disengagement.

Objective: We aim to develop and evaluate an artificial intelligence–based cofacilitator prototype to track and monitor online
support group participants’ distress through real-time analysis of text-based messages posted during synchronous sessions.

Methods: An artificial intelligence–based cofacilitator will be developed to identify participants who are at-risk for increased
emotional distress and track participant engagement and in-session group cohesion levels, providing real-time alerts for therapist
to follow-up; generate postsession participant profiles that contain discussion content keywords and emotion profiles for each
session; and automatically suggest tailored resources to participants according to their needs. The study is designed to be conducted
in 4 phases consisting of (1) development based on a subset of data and an existing natural language processing framework, (2)
performance evaluation using human scoring, (3) beta testing, and (4) user experience evaluation.
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Results: This study received ethics approval in August 2019. Phase 1, development of an artificial intelligence–based cofacilitator,
was completed in January 2020. As of December 2020, phase 2 is underway. The study is expected to be completed by September
2021.

Conclusions: An artificial intelligence–based cofacilitator offers a promising new mode of delivery of person-centered online
support groups tailored to individual needs.

International Registered Report Identifier (IRRID): DERR1-10.2196/21453

(JMIR Res Protoc 2021;10(1):e21453) doi: 10.2196/21453
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Introduction

Background
A cancer diagnosis, and its subsequent treatment, has a
significant impact on short- and long-term psychological
well-being. Many patients and caregivers experience a range
of distressing symptoms including worry, fear, irritability,
sleeplessness, and guilt, while others develop more severe
symptoms such as loss of interest in life [1-3]. Approximately
half of all individuals in cancer treatment report undue and
persistent emotional distress [4-7]. Persistent distress is
associated with poor treatment adherence [8], reduced
health-related quality of life [9], and higher mortality [10].

Online support groups are effective in reducing emotional
distress [11-13]. They are a convenient alternative for those
who cannot attend in-person support groups because of
geographic distance, physical health concerns, and other
responsibilities [14]. While there are a variety of delivery
methods (eg, video or text), professionally led online support
groups are typically synchronous (in real time) where
participants engage in therapeutic interactions with a therapist
and other participants in the group. Group interactions can be
recorded and reviewed by participants during or postsession.
Cancer Chat Canada (CCC) offers professionally led text-based
support groups to patients with cancer and caregivers across
Canada, with transcripts available to therapists and participants
for postsession review. The online support group in CCC is
manual-based, with session-specific themes, readings, and
interactive activities. Therapists lead group discussions based
on the manual, address new topics brought up by participants
during the session, attend to an individual's emotional concerns,
and facilitate mutual support.

The helpful therapeutic aspects of online support groups include
facilitation of information sharing, expression of emotions, and
provision of support as well as coping strategies [13,15].
Participants quickly become accustomed to text-based
interactions and show increased feelings of empowerment,
reduced social isolation, better managed stress, and improved
coping [13]. Emotional expression is expected and encouraged
by the therapists, particularly the emotions that participants may
consider negative such as sadness, anger, or fear [3]. However,
therapists need to gauge the frequency and intensity of expressed
emotions from participants and address them in a timely fashion.
In text-based online support groups, therapists do not have visual
cues and may miss participants’ emotional needs when entries

by multiple participants are posted simultaneously on a
fast-scrolling screen [16,17]. Failure to recognize and respond
to emotional distress expressed by participants can have clinical
consequences, such as reduced perceived support and increased
group dropouts. These challenges can also make a well-trained
therapist feel frustrated and limit their uptake of this form of
support group delivery. Another unique challenge is participant
engagement; online support group therapists find it difficult to
foster group cohesion. They find it harder to promote belonging
and deepen group members’ connections with one another
without visual cues. Both engagement and group cohesion are
imperative for optimal outcomes [18,19].

Currently, little is known concerning the mechanisms related
to the process of online delivery that can support therapists in
delivering optimal virtual online group support. To date, few
studies have focused on examining mechanisms of action in
therapist-led online support group, such as active therapeutic
ingredients, mediators of change, or participant distress which
may be associated with reduced level of engagement and
participant dropout rates [18]. With the increased popularity of
virtual care, more research is needed to understand what factors
enhance (or impede) specific patient outcomes for
evidence-based programs.

Artificial intelligence (AI) methods, such as deep-learning based
natural language processing (NLP), offer a novel solution to
addressing these challenges by capturing participants’emotional
expression (including distress), level of engagement, and group
cohesion in real time during text-based sessions, without
imposing a measurement burden [20,21]. For example, if
methods of deep learning–based NLP can systematically identify
important emotions, such as fear, anxiety, sadness, and
depression, then assistance in signaling and monitoring
participants who need additional support can be provided.
Tracking and monitoring participants’ cognitive-emotional
states using AI approaches may reduce attrition, improve
therapeutic outcomes, and allow therapists to focus their
attention more fully on the therapeutic encounters [22].

We aim to explore whether deep learning–based NLP can
optimize online support group delivery through the creation of
an artificial intelligence–based cofacilitator (AICF). AICF
training, testing, implementation, and evaluation uses textual
data from the CCC therapist-led online support group service.
The AICF prototype will be adapted from an AI-based
framework called Patient-Reported Information
Multidimensional Exploration (PRIME) for detection of
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emotional states, piloted on data from patients with prostate
cancer in Australia [23-25].

The PRIME Framework
This study is built upon the PRIME framework. De Silva et al
[24] pioneered AI research for automatic identification of
physical and emotional states of patients with prostate cancer
for active surveillance to identify their psychosocial needs. The
PRIME framework, an automated ensemble of deep-learning
based NLP techniques, was developed to analyze text from
online patient forums. PRIME has been used to analyze 10
high-volume online patient forums consisting of 22,233 patients
with prostate cancer, which generated a text data set of 609,960
conversations. PRIME demonstrated its capabilities in
identifying diverse physical symptoms, and functional and
emotional outcomes (eg, sadness, anger, confusion) embedded
in forum discussions. It generates visualizations of aggregated

expressions of emotion trajectories by patient-reported
demographics, decisions, treatment, and side effects [23-25].

PRIME extracts emotions comprehensively by parsing a body
of text to different levels of granularity: word, phrase, sentence,
post, and all posts of each user, using multiple techniques (vector
space modeling, topic modeling, word2vec [26,27],
SentiWordNet [28], and named entity recognition) and
SNOMED terms [29]. These techniques are used to identify a
group of key words associated with a topic as a context variable
based on an aggregated measure of features derived at each
level, and in turn, determine eight basic emotion categories
[30,31], their strengths, and overlaps (eg, anxiety is an overlap
between fear and sadness) [24]. The basic emotion categories
are based on the Plutchik [31] wheel of basic emotions,
illustrated in Figure 1. Each level of extraction will serve as an
input for calibration of the subsequent extraction to increase
accuracy [23-25]. PRIME will serve as a foundation for the
current AICF project algorithm, as outlined below.

Figure 1. Plutchik [31] wheel of basic emotions, basis for the PRIME emotion categories.

An AICF will track and monitor online support group
participants’ emotional distress through real-time analysis of
text-based messages posted during sessions. Specifically, the
AICF aims to (1) identify participants who are disengaged or

at-risk for increased emotional distress and track in-session
engagement and group cohesion levels, providing real-time
alerts for therapist follow-up; (2) generate postsession participant
profiles that contain discussion content keywords and emotion
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profiles for each session; and (3) automatically suggest tailored
resources to participants according to their needs.

Methods

Overview
This project has 4 phases: (1) developing an AICF using a subset
of existing CCC data based on PRIME, (2) evaluating its
performance using human scoring, (3) beta testing the AICF
within CCC, and (4) evaluating user experiences. This study
will be conducted in compliance with the principles of the
Declaration of Helsinki.

Phase 1: Developing an AICF

Summary
In addition to the 8 basic emotions detected by PRIME, the
AICF will include additional functionality to support (1)
real-time monitoring and alerting of emotional distress,
participant engagement, and group cohesion, (2) participant
emotional profiling, and (3) tailored resource recommendations.
Figure 2 describes the functionalities and process of
transforming PRIME to an AICF.

Figure 2. Functionalities of AICF. PRIME: Patient-Reported Information Multidimensional Exploration.

To inform development of the AICF, CCC data from 430 unique
participants (approximately 80,000 conversations) across
multiple sessions in 2 years will be used. The majority of
participants were females, aged between 45 and 64 years, living
in suburban or rural areas of British Columbia or Ontario. Many
had breast cancer and were in the posttreatment period. See
participant characteristics in Table 1.

The text data were deidentified to ensure confidentiality, using
a risk-based approach in 2 steps. The first step used an
open-source clinical text deidentification library (philter-ucsf
[32]) to replace identifiers such as name, address, sex, age or
year mention, and health care organization (hospital) names
with asterisks, preserving word length. The second step involved
human review and deidentification of any identifiers that the
library missed. The AICF was trained using the deidentified
data.
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Table 1. CCC participant characteristics.

Value (n=430), n (%)Characteristics

Gender

383 (89.0)Female

47 (11.0)Male

Age group (years)

6 (1.5)18-24

27 (6.2)25-34

66 (15.3)35-44

130 (30.2)45-54

147 (34.2)55-64

54 (12.6)65+

Location

146 (34.0)British Columbia

142 (33.0)Ontario

52 (12.0)Alberta

90 (21.0)Other province

Geography

168 (39.0)Urban

262 (61.0)Suburban/rural area

Type of cancer

133 (31.0)Breast

90 (21.0)Gynecological

43 (10.0)Colorectal

13 (3.0)Head and neck

151 (35.0)Other cancers

Treatment status

116 (27.0)Active treatment

176 (41.0)Posttreatment

138 (32.0)Unknown

Functionality 1: Real-Time Monitoring and Alert
The AICF is designed to track emotional distress, participant
engagement, and group cohesion. First, conversational extracts
and user behaviors (eg, emotional intensity, participant
engagement) will be used to train an ensemble of machine
learning algorithms [33] that predict the likelihood of significant
emotional distress. This ensemble method generates a weighted
score that offsets potential bias in the 2 approaches as well as
takes both emotion and engagement into account. Manually
annotated texts of instances of distress were used to train the
AICF. For the purpose of assessing the intensity of distress, 10
sessions of chat data were annotated and classified according
to levels of distress (none, low, medium, or high) in the
participants' statements. Based on the focus group feedback,
the therapists highlighted that, apart from the 8 basic emotions,
it is important to specifically detect participants' comments
indicating hopelessness, distress, and loneliness, which are more

complex emotional experiences specific to a cancer population
[34,35]. Identifying these emotions are key in cancer online
support groups as they are linked to depression (hopelessness,
loneliness) [4] and poor outcomes (distress) [8]. Therefore,
emotion intensities for all 11 emotions have been aggregated
into group- and participant-specific emotion intensities. The
AICF will produce risk scores of significant distress and that
will be displayed and updated at each 30-minute interval on a
90-minute session timeline. If a participant’s risk score has
increased significantly compared to the previous intervals, then
the therapist will be alerted. The alert threshold will be finalized
in the user testing phase.

Participant engagement is defined by the information density
of their text posts, which consists of the emotional content
detected by the AICF, number of words per post, and frequency
of posting. The AICF will update every 5 minutes to show if
participants are participating at high, medium, or low levels or
if they have not posted in some time. Real-time monitoring of
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participant engagement, relative to the group will also be
displayed on the real-time dashboard.

Group cohesion is defined as a sense of belonging to and feeling
supported by the group [36]. This is indicated by referring to
other participants as “us,” “we,” and “our group”; expressing
gratitude for sharing or help from others; commenting that they
are looking forward to the next group; or chatting together
outside of group time. The AICF will capture the group cohesive
statements and present an aggregated score that denotes the
level of group cohesiveness among all members. Group cohesive
statements (100 examples) were annotated by the therapists
from the CCC data, and keywords and phrases derived from
these examples were used as seed terms in a word embedding
model.

Functionality 2: Participant Emotional Profiling
The AICF will use features from PRIME to generate a collection
of key phrases and topics and an emotional profile for each
participant over a 90-minute session. The summary will consist
of participant clinical and sociodemographic characteristics and
will display key phrases that indicate emotional distress and the
intensity [23] of emotion associated with each concern on a
90-minute timeline. The display time window can be expanded
as sessions continue.

Functionality 3: Tailored Resource Recommendations
The AICF will use outcomes from the first 2 functionalities to
train an unsupervised incremental learning algorithm that merges
similar participant profiles and differentiates dissimilar ones.
The incremental learning feature will maintain these learned
groupings (eg, presurgery vs postsurgery) over time, uncovering

shared group behaviors and patterns. These will then be
combined with known participant characteristics (eg, location,
age), use of psychosocial resources (eg, sexual health clinic),
and timing for a specific issue (eg, sexual health) from CCC
data as inputs to a recommender system. Using association rule
mining algorithms, a list of resources with predicted scores will
be generated; resources with the highest predicted scores will
be recommended to a participant [37]. Test data will be used to
evaluate relevance and reliability of each recommendation. This
functionality will increase tangible support and service quality
without incurring increased workload on the therapists.

Phase 2: Human Scoring
To develop the AICF, the emotion labeling outputs will be
scored by a team of psychology undergraduate and graduate
students, including 2 doctoral-level clinical psychology
therapists. The team will score 20% of the output as feedback
to retrain the AICF. This updated version will be run on the
remaining 80% of the data. Each AICF version will be saved
before it is trained on new data. To evaluate the AICF, 2 online
support group groups’ messages will be withheld for the final
testing phase of the AICF.

The team will score the output using guides based on definitions
from the literature and examples from well-established
psychometric measures (Table 2). For example, sadness and
fear were selected for the first round of human scoring due to
their relevance as symptoms of anxiety and depression, and
they were the emotions in the high distress post category most
commonly identified by annotators. The output will be scored
at the sentence level, such that the target output must be clearly
present in the sentence, without additional textual context.

Table 2. Target measures for human scoring.

DescriptionCategoryOutput

Expressing loss, grief, unhappiness, hopelessness; feeling low, down, or blue; behaviors
such as crying, withdrawing. Possible indicator of depression (persistent, high distress
[31])

EmotionSadness

Feeling scared, panicked, alarmed, apprehensive; less intensely worried, anxious, stressed,
irritable, tense; being unable to focus, relax. Possible indicator of anxiety (persistent, high
distress [31])

EmotionFear

A culmination of participation, engagement, expressed mutual support, gratitude for
other members, looking forward to future chat sessions and referring to the group as “we”
and “us” to indicate a sense of belonging [38].

Group processGroup cohesion

A text summary of key phrases with high emotional content for each participant, scored
for accuracy.

Postgroup featureEmotional profiling

A list of relevant psychosocial resources will be generated for each participant based on
the conversations during the session.

Postgroup featureTailored resource recommen-
dation

Using the literature, the scorers will note the instances in which
the AICF has (1) correctly identified each output instance (true
positive); (2) incorrectly identified an output instance (false
positive); (3) correctly identified the lack of an output (true
negative); or (4) missed an output in a sentence (false negative).
For example, from the sentence “Yesterday I had a melt down,
just felt so sad and cried, it came out of nowhere,” the AICF
correctly identified the comment's sentiment as sadness and so
did the human scorer (true positive). From the sentence “I can
still laugh at some pretty bad jokes,” the AICF incorrectly

identified the comment's sentiment as sadness, whereas the
human scorer rated the comment's sentiments as no sadness
(false positive). To judge the emotional intensities generated
by the AICF, the scorers defined 4 levels of distress: low,
moderate, moderate-high, and high.

Upon completion of the scoring, AICF performance will be
evaluated for sadness, fear, and group cohesion measures using
recall, precision, and F1 score. Precision is defined as a measure
of result relevancy while recall is defined as a measure of how
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many truly relevant results are captured. The F1 score [39],
which is the weighted average of precision and recall, takes
both false positives and false negatives into account. For F1
scores below 80%, scorer feedback will be used to improve the
AICF until it achieves 80%. The scoring results will be used to
generate the list of keywords of queried expressions in the word
embedding model, while linguistic rules will be added to handle
exceptions such as negations, idioms, irony, or expressed
sarcasms that are unique to participants with cancer. This
feedback loop will improve the performance of each
functionality using domain expertise [40] to produce an
acceptable evaluation F1 score.

Phase 3: Beta Testing

Summary
The AICF will be deployed and tested in the CCC platform
background (out of the therapists’view) in 3 groups. It will then
be run for therapist use and feedback for beta testing on 10-12
groups to analyze the performance of the AICF system output,
such as all emotions expressed (including distress), intensity,
group cohesion, engagement, and emotional profiling features
(see Table 2). We hypothesize that the AICF output will be
highly correlated with standard clinical measures of
psychological outcomes and have high sensitivity and predictive
values for distress. These quantitative evaluations will provide
evidence to support the AICF’s validity and reliability.

Design
A single-arm trial to evaluate the AICF’s validity and reliability
among CCC therapists and participants.

Participants
Ten therapists and 100 support group participants (ie, patients
and caregivers) (10-12 groups) will be recruited through a
multipronged approach, including in-person (University Health
Network clinics), print (flyers and posters posted at University
Health Network locations), and digital media (eg, Twitter,
Google, and Facebook [41], CCC platform, and webpages of
CCC provincial partners across Canada). In-person recruitment
will take place at University Health Network clinics using
protocols approved by the University Health Network research
ethics board. A study coordinator will explain the study prior
to informed consent. For online and print recruitment,
respondents will be provided with the study webpage and phone
number of the research team for study inquiry. Interested
patients will be followed-up by a call from the study coordinator
for study details. Study log will be maintained and reasons for
nonparticipation collected. The existing CCC therapist roster
will be used to recruit therapist-participants directly. Therapists
will receive training on the AICF. An estimated 120,000 posts
(200 posts/user/session × 6 sessions × 100 users) will be
generated, sufficient for the sensitivity and specificity analysis
[42]. This study has been approved by the University Health
Network research ethics board.

Measures
Participant distress will be assessed by standardized measures
pre and postprogram by several scales. The Impact of Event
Scale-Revised [43] is composed of 22 items rated on a 5-point

Likert scale, yielding a total score ranging from 0 to 88—8
items on intrusion (Cronbach α=.87-.94), 8 items on avoidance
(Cronbach α=.84-.87), and 6 items on hyperarousal (Cronbach
α=.79-.91). The 7-item Hospital Anxiety and Depression Scale
(HADS) [44], with items rated on a scale of 0 to 3, yielding a
total score ranging from 0 to 21 has 2 subscales: anxiety and
depression (Cronbach α=.88 and .92, respectively) [44]. The
18-item Brief Symptom Inventory [45] is rated on a 5-point
Likert scale, and the sum is transformed into a T-score. The
Brief Symptom Inventory is composed of 3 dimensions:
somatization, depression, and anxiety (Cronbach α=.71-.85)
[45]. A participant will be defined as having significant distress
if they score above the cut-offs for any of the scales:
cancer-related distress (Impact of Event Scale-Revised score
>24), symptoms of depression (HADS score>10), or anxiety
(Brief Symptom Inventory T-score >60).

Participant postsession emotionality will be assessed using the
Positive and Negative Affect Schedule [46], a 20-item self-report
measure of positive and negative affect (Cronbach α=.89 and
.85, respectively). Postprogram group cohesion will be measured
using the 19-item Therapeutic Factor Inventory
[47]—Instillation of Hope (4 items), Secure Emotional
Expression (7 items), Awareness of Interpersonal Impact (5
items), and Social Learning (3 items). The items are rated on a
scale from 1 to 7 and a mean score is based on a sum of the item
ratings multiplied by factor score weightings (Cronbach
α=.71-.91) [47]. Therapists will assess the AICF’s usability
postsession using the 10-item System Usability Scale using a
5-point Likert scale of agreement with scores ranging from 0
to 100 (Cronbach α=.95)[48]. Finally, the online support group
experience will be measured using the 24-item Counsellor
Activity Self-Efficacy Scale [49], with items rated on a 10-point
Likert scale (Cronbach α=.96) [49].

Emoji Scale
Emoji scales validated as representations of physical and
emotional quality of life in cancer populations [50] will be used
to track emotions of the participants during each session. For
AICF validation, we will employ an automatic check-in that
will occur at three 30-minute intervals using 9 different
emoticons (eg, worried, sad, supported) from which participants
can choose to represent their emotional states in the moment.
Each participant will provide up to 300 emoji ratings (3×10
sessions).

Statistical Analysis
The ability of the AICF to correctly identify distress will be
assessed. First, a chi-square test will be used to assess the
sensitivity and specificity of the AICF against the self-reported
emoji at the 30-minute interval. Second, linguistics inquiry word
count [51] will be performed on each post. Linguistics inquiry
word count scans each post for the linguistic markers of distress
(eg, first-person singular pronouns, and words that Linguistics
inquiry word count classifies as sad, anxiety or fillers) and
provides a correlation coefficient. We hypothesize that
correlations between linguistics inquiry word count and AICF
output would be strong (≥0.7). Third, a precision-recall curve
(positive predictive value vs sensitivity) will be used to map
AICF classifications against established cut-offs of a
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standardized measure. An area under the curve >80% would be
considered high performance [52]. The precision-recall curve
can be used to inform the statistical threshold for distress that
warrants a therapist alert. Fourth, construct (convergent) validity
of AICF sentiment analysis will be compared against
self-reported standardized measures. We hypothesize that all
positive and negative emotions extracted will be strongly
correlated (Pearson correlation coefficient ≥0.7) with Positive
and Negative Affect Schedule subscales scores. For example,
the extracted negative emotions will be positively correlated
with HADS. Finally, internal consistency will be measured
among extracted negative and positive emotions using Cronbach
α.

Phase 4: Evaluation of User Experiences
Participants will rate their satisfaction with their online support
group experience (eg, group cohesion) using the Therapeutic
Factor Inventory. Therapists will provide ratings of system
usability (with the System Usability Scale) and perceived
self-efficacy measure (with the Counsellor Activity
Self-Efficacy Scale) in leading the groups. All of these ratings
are expected to be high (>80th percentile). Quality indicators,
such as study attendance and dropout rate (defined as
participants missing more than 2/10 sessions) will be compared
using chi-square tests to those in a special topic group (eg,
sexual health group). We expect that the dropout rate will be
50% less than those of existing groups.

Results

Phase 1 was initiated in August 2019 and completed in
December 2019. Phase 2 was initiated in January 2020, and as
of December 2020, is ongoing. The study is expected to be
completed by September 2021.

Preliminary results regarding real-time monitoring of emotional
distress are available and will serve as a baseline for comparison
of future versions of the AICF.

The PRIME framework has been configured to suit the above
requirements and retrained using the CCC data and the human
annotation of distress.

Using this data set and relevant literature, 2 clinical psychology
doctoral students developed an annotation guideline (Multimedia
Appendix 1). This guideline was used to categorize text-based
data from one CCC online support group, comprising 8
participants over 10 sessions, by distress severity: low, moderate,
moderate-high, or high level of distress, or “unable to identify”
(Multimedia Appendix 2).

The PRIME framework emotion detection algorithms were
transformed for distress severity detection in the AICF in 3
stages (Figure 3). The outputs were used to visualize each
participant and group emotion profiles, and monitoring emotion
intensity fluctuations over time.

Figure 3. From PRIME to AICF prototype—3-stage transformation process.

The intensity of each emotion for a given conversational extract
is based on the output of the emotion classifier and the intensifier
classifier. The emotion classifier detects each of the 11 emotions
(8 basic emotions plus hopelessness, loneliness, and distress)
while the intensifier classifier serves to augment or diminish
the strength of each emotion. Table 3 presents several results
from the initial experiment. The aggregate intensity for each
emotion during the conversation is calculated using

where h is the emotion classifier, f is the intensifier classifier,
t is a word in set C, ti is the corresponding intensifier term, |C|
is the count of words in C, and E is a vector of x emotions. This
intensity score is designed to allow the AICF to track individual
changes over time.
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Table 3. Demonstration of emotion intensity calculation.

IntensifierEmotionExtract

ClassifierTermClassifierTerm

0.5—None—a“All the medicine I took make me too sleepy or sedated.”

0.8verysadexhausting“yes very exhausting”

0.8verysadfragile“This life is very fragile”

0.9totallysaduseless“well I feel totally useless since I had this cancer”

0.5—sadlosing energy“I sense we are losing energy.”

0.7sohopelessnessdepressed“I feel so depressed regarding all this, but I went to see my
family today”

0.5—joyRelaxing“Relaxing days ahead no more treatments”

0.5—joylove“I love talking with this group!”

aNo term.

Figure 4 shows radial graphs displaying the AICF classification
of emotions expressed by individuals with different levels of
distress. Distress was calculated as the aggregation of 4 negative
basic emotions (anger, sadness, fear, disgust). According to the
AICF, people with high distress experienced intense levels of

sadness and fear, while those with moderate and low distress
expressed similar profiles except that moderate distress
individuals express more anger than their low distress
counterparts.

Figure 4. AICF classifications of emotions across levels of participant distress. Note: Given the small sample of data available, the emotion intensity
scale was adjusted to 0.5.

When compared with the human annotation of distress levels,
the AICF was able to correctly identify specific types and
intensity of emotion from the 8 participants in 10 sessions for
78% of instances for low distress, 63% for moderate distress,
and 85% for high distress. The baseline performance for distress
classification was 72% agreement with the annotators with
advanced training in clinical psychology.

Discussion

General
The AICF, an extension of the PRIME framework, represents
a novel approach to help cancer online support group therapists
track and monitor individual participant emotional text-based

expressions that may indicate important mental health changes
and outcomes, such as high distress, indicative of anxiety and
depression. It also has the potential to track important online
support group outcomes such as increased distress, participant
engagement, and group cohesion.

Preliminary findings show that the AICF demonstrated
acceptable performance in identifying emotional distress and
target emotions. CCC patients experienced some distress when
they signed up for online support groups which offered a rich
emotional content of real-world data for distress detection
algorithm training. Our results support the findings of Funk et
al [53] who used a combination of techniques developed for
basic emotion detections to predict clinically meaningful
outcomes and symptoms of eating disorders, with a reported
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area under the receiver operating characteristic curve of 73%.
However, the AICF has shown a lower accuracy (63%) in
identifying moderate distress compared to the high (85%) and
low distress (78%). One possible explanation is that moderate
distress is a relatively ambiguous concept that even human
experts may find it difficult to distinguish. The number of
identified instances of moderate distress was lower than those
of high and low distress as the human annotators were more
likely to classify a distress statement as either high or low and
these categories yielded the highest agreement between human
annotators. Therefore, this contributed to the AICF having a
hard time distinguishing the moderate level from the other levels
of distress. The final evaluation will provide a more complete
picture of distress identification.

The AICF has been designed to extract clinically important
emotional outcomes based on a combination of basic emotions.
While the literature predominantly focuses on sentiment or basic
emotion detection on Twitter for commercial and political use
[54-56], the AICF is better for clinical settings in several ways
compared to previous automated deep emotion and intensity
detection tools: The AICF was trained and applied on distress
data from patients with cancer in clinical settings, instead of
tweets that are free-flowing statements posted by the general
public and that do not usually contain dialectic exchanges or
symptoms or outcomes. Our data allow the AICF to identify
more granular emotions and changes over time. The AICF has
incorporated clinically trained therapists to identify distress and
clinical outcomes from the data while most studies relied on
hashtags to classify topics and emotions or on laymen annotators
[55]. In one of the few studies [57] that attempted to identify
emotions in a cancer population [57] using recurrent neural
network models to extract common basic emotions such as fear
and hope from tweets by patients with cancer, the authors
identified joy as the most commonly shared emotion, followed
by sadness and fear; these findings are similar to ours. However,
the AICF will contribute to the uncharted areas of clinical
psychology and psychiatry in which automatic emotion detection
and classification systems have not yet been fully explored.
This unique project attempts to identify complex emotions such
as hopelessness and loneliness and that will open an avenue of
research with clinical utilities.

The development phase was to evaluate the AICF performance
on a training data set, to ensure that it is correctly classifying
the key target outputs (detection of sadness and fear,
engagement, group cohesion, emotional profiling in radar
graphs). These features will be built into real-time and postgroup
dashboard features for the online therapist leaders. The next

phase involves human scoring for the emotion classification
(eg, anger, joy) to ensure that the AICF is accurately labeling
the emotion and its intensity. Once evaluated, this emotion data
will be deployed in real-time engagement tracking and in the
individual participant postsession summary, with end-user input
on usability and effectiveness from the therapist leaders.

One limitation is that the AICF relies on human annotated
training data and human scoring for performance evaluation.
Human input can yield variable results as it requires judgement
when classifying ambiguous posts. To reduce this variability,
detailed literature-based guides were created for each emotion.
Two doctoral-level clinical psychology–trained therapists
created the guides and annotated the data independently, after
which the results were reviewed. Another limitation is that the
AICF prototype is based on PRIME, which was developed on
data from patients with prostate cancer (all male participants,
mostly aged 50 and older) whereas the CCC data represent a
wider range of participant demographics and cancer types. A
difference in distress and emotion expression is expected from
the CCC participants in therapist-led synchronous groups. The
AICF’s detection of more complex outcomes (eg, group
cohesion) requires additional annotations, algorithm training,
and performance evaluation, as this is a new broadly defined
outcome, outside the basic emotions. Applications of any
prototype such as the AICF require adaptations for the specific
platform and desired outcomes. Lastly, due to protection of
personal health information, the data deidentification process
removed some of the information as the software has masked
keywords that were also used in names.

Implications
Online support groups are accessible and effective at reducing
cancer-related emotional distress. However, therapists find it
challenging to monitor individual participant distress and
engagement in the absence of visual cues while responding to
multiple participants’messages simultaneously. Optimal online
support group delivery and participant mental health outcomes
require the therapist to effectively address and track markers of
high distress. These markers include participants posting
messages indicating intense sadness or fear, or participants
withdrawing due to emotional dysregulation. An AICF can
assist by detecting and flagging issues (eg, a spike of distress)
that are amenable to treatment in real time, thus allowing
therapists to provide higher levels of individual support. An
AICF presents a unique opportunity to strengthen
person-centered care in the online support group settings by
attending to individual needs while expanding access to
high-quality virtual health care.

Acknowledgments
Special thanks to Jessica Ramlakhan for formatting the manuscript, and to Jinny Hong for annotating the training data. This
research is funded by the Ontario Institute for Cancer Research Cancer Care Ontario Health Services Research Network.

Conflicts of Interest
None declared.

JMIR Res Protoc 2021 | vol. 10 | iss. 1 | e21453 | p. 10https://www.researchprotocols.org/2021/1/e21453
(page number not for citation purposes)

Leung et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 1
Distress human annotation guidelines.
[DOCX File , 69 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Distress annotation method.
[DOCX File , 139 KB-Multimedia Appendix 2]

Multimedia Appendix 3
OICR-CCO Health Services Research Grant peer review reports.
[PDF File (Adobe PDF File), 72 KB-Multimedia Appendix 3]

References

1. Carlson LE, Angen M, Cullum J, Goodey E, Koopmans J, Lamont L, et al. High levels of untreated distress and fatigue in
cancer patients. Br J Cancer 2004 Jun 14;90(12):2297-2304 [FREE Full text] [doi: 10.1038/sj.bjc.6601887] [Medline:
15162149]

2. Holland JC, Alici Y. Management of distress in cancer patients. J Support Oncol 2010;8(1):4-12. [Medline: 20235417]
3. Anderson WG, Alexander SC, Rodriguez KL, Jeffreys AS, Olsen MK, Pollak KI, et al. "What concerns me is..." Expression

of emotion by advanced cancer patients during outpatient visits. Support Care Cancer 2008 Jul;16(7):803-811 [FREE Full
text] [doi: 10.1007/s00520-007-0350-8] [Medline: 17960430]

4. DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk factor for noncompliance with medical treatment: meta-analysis
of the effects of anxiety and depression on patient adherence. Arch Intern Med 2000 Jul 24;160(14):2101-2107. [doi:
10.1001/archinte.160.14.2101] [Medline: 10904452]

5. Goodwin JS, Zhang DD, Ostir GV. Effect of depression on diagnosis, treatment, and survival of older women with breast
cancer. J Am Geriatr Soc 2004 Jan;52(1):106-111 [FREE Full text] [doi: 10.1111/j.1532-5415.2004.52018.x] [Medline:
14687323]

6. Hess CB, Singer M, Khaku A, Malinou J, Juliano JJ, Varlotto JM, et al. Optimal frequency of psychosocial distress screening
in radiation oncology. JOP 2015 Jul;11(4):298-302. [doi: 10.1200/jop.2014.003392]

7. Shim E, Mehnert A, Koyama A, Cho S, Inui H, Paik N, et al. Health-related quality of life in breast cancer: a cross-cultural
survey of German, Japanese, and South Korean patients. Breast Cancer Res Treat 2006 Jun 24;99(3):341-350. [doi:
10.1007/s10549-006-9216-x]

8. Tonsing KN, Vungkhanching M. Assessing psychological distress in cancer patients: the use of distress thermometer in an
outpatient cancer/hematology treatment center. Social Work in Health Care 2017 Nov 14;57(2):126-136. [doi:
10.1080/00981389.2017.1402844]

9. Lim HA, Mahendran R, Chua J, Peh C, Lim S, Kua E. The Distress Thermometer as an ultra-short screening tool: a first
validation study for mixed-cancer outpatients in Singapore. Comprehensive Psychiatry 2014 May;55(4):1055-1062. [doi:
10.1016/j.comppsych.2014.01.008]

10. Mertz BG, Bistrup PE, Johansen C, Dalton SO, Deltour I, Kehlet H, et al. Psychological distress among women with newly
diagnosed breast cancer. Eur J Oncol Nurs 2012 Sep;16(4):439-443. [doi: 10.1016/j.ejon.2011.10.001] [Medline: 22036771]

11. Gratzer D, Goldbloom D. Making evidence-based psychotherapy more accessible in Canada. Can J Psychiatry 2016 Oct
10;61(10):618-623 [FREE Full text] [doi: 10.1177/0706743716642416] [Medline: 27310234]

12. Male DA, Fergus KD, Stephen JE. Professional online support group facilitators: guarantors of maximal group utility.
International Journal of Group Psychotherapy 2016 Oct 25;67(3):314-336. [doi: 10.1080/00207284.2016.1240587]

13. McCaughan E, Parahoo K, Hueter I, Northouse L, Bradbury I. Online support groups for women with breast cancer.
Cochrane Database Syst Rev 2017 Mar 10;3:CD011652. [doi: 10.1002/14651858.CD011652.pub2] [Medline: 28278559]

14. Finfgeld DL. Therapeutic groups online: the good, the bad, and the unknown. Issues Ment Health Nurs 2000 Jul
09;21(3):241-255. [doi: 10.1080/016128400248068] [Medline: 11075065]

15. Winzelberg A. The analysis of an electronic support group for individuals with eating disorders. Comput Human Behav
1997 Aug;13(3):393-407. [doi: 10.1016/s0747-5632(97)00016-2]

16. Chakrabarti S. Usefulness of telepsychiatry: a critical evaluation of videoconferencing-based approaches. World J Psychiatry
2015 Sep 22;5(3):286-304 [FREE Full text] [doi: 10.5498/wjp.v5.i3.286] [Medline: 26425443]

17. van UCF, Drossaert CHC, Taal E, Shaw BR, Seydel ER, van DLMAFJ. Empowering processes and outcomes of participation
in online support groups for patients with breast cancer, arthritis, or fibromyalgia. Qual Health Res 2008 Mar;18(3):405-417.
[doi: 10.1177/1049732307313429] [Medline: 18235163]

18. Barak A, Boniel-Nissim M, Suler J. Fostering empowerment in online support groups. Comput Human Behav 2008
Sep;24(5):1867-1883. [doi: 10.1016/j.chb.2008.02.004]

JMIR Res Protoc 2021 | vol. 10 | iss. 1 | e21453 | p. 11https://www.researchprotocols.org/2021/1/e21453
(page number not for citation purposes)

Leung et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i1e21453_app1.docx&filename=e13fb966a477865112a5604128d9b523.docx
https://jmir.org/api/download?alt_name=resprot_v10i1e21453_app1.docx&filename=e13fb966a477865112a5604128d9b523.docx
https://jmir.org/api/download?alt_name=resprot_v10i1e21453_app2.docx&filename=8aebbbffefa47636414f5da3c8f271b3.docx
https://jmir.org/api/download?alt_name=resprot_v10i1e21453_app2.docx&filename=8aebbbffefa47636414f5da3c8f271b3.docx
https://jmir.org/api/download?alt_name=resprot_v10i1e21453_app3.pdf&filename=fa56d47f6611f1e7c640fe4e8aab168b.pdf
https://jmir.org/api/download?alt_name=resprot_v10i1e21453_app3.pdf&filename=fa56d47f6611f1e7c640fe4e8aab168b.pdf
http://europepmc.org/abstract/MED/15162149
http://dx.doi.org/10.1038/sj.bjc.6601887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15162149&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20235417&dopt=Abstract
http://europepmc.org/abstract/MED/17960430
http://europepmc.org/abstract/MED/17960430
http://dx.doi.org/10.1007/s00520-007-0350-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17960430&dopt=Abstract
http://dx.doi.org/10.1001/archinte.160.14.2101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10904452&dopt=Abstract
http://europepmc.org/abstract/MED/14687323
http://dx.doi.org/10.1111/j.1532-5415.2004.52018.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14687323&dopt=Abstract
http://dx.doi.org/10.1200/jop.2014.003392
http://dx.doi.org/10.1007/s10549-006-9216-x
http://dx.doi.org/10.1080/00981389.2017.1402844
http://dx.doi.org/10.1016/j.comppsych.2014.01.008
http://dx.doi.org/10.1016/j.ejon.2011.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22036771&dopt=Abstract
http://europepmc.org/abstract/MED/27310234
http://dx.doi.org/10.1177/0706743716642416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27310234&dopt=Abstract
http://dx.doi.org/10.1080/00207284.2016.1240587
http://dx.doi.org/10.1002/14651858.CD011652.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28278559&dopt=Abstract
http://dx.doi.org/10.1080/016128400248068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11075065&dopt=Abstract
http://dx.doi.org/10.1016/s0747-5632(97)00016-2
https://www.wjgnet.com/2220-3206/full/v5/i3/286.htm
http://dx.doi.org/10.5498/wjp.v5.i3.286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26425443&dopt=Abstract
http://dx.doi.org/10.1177/1049732307313429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18235163&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2008.02.004
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Kozlowski KA, Holmes CM. Experiences in online process groups: a qualitative study. The Journal for Specialists in Group
Work 2014 Aug 21;39(4):276-300. [doi: 10.1080/01933922.2014.948235]

20. Ewbank MP, Cummins R, Tablan V, Bateup S, Catarino A, Martin AJ, et al. Quantifying the association between
psychotherapy content and clinical outcomes using deep learning. JAMA Psychiatry 2020 Jan 01;77(1):35-43 [FREE Full
text] [doi: 10.1001/jamapsychiatry.2019.2664] [Medline: 31436785]

21. Pelaccia T, Forestier G, Wemmert C. Deconstructing the diagnostic reasoning of human versus artificial intelligence. CMAJ
2019 Dec 02;191(48):E1332-E1335 [FREE Full text] [doi: 10.1503/cmaj.190506] [Medline: 31791967]

22. Clarke G, Eubanks D, Reid E, Kelleher C, O'Connor E, DeBar LL, et al. Overcoming Depression on the Internet (ODIN)
(2): a randomized trial of a self-help depression skills program with reminders. J Med Internet Res 2005 Jun;7(2):e16 [FREE
Full text] [doi: 10.2196/jmir.7.2.e16] [Medline: 15998607]

23. Bandaragoda T, Ranasinghe W, Adikari A, de Silva D, Lawrentschuk N, Alahakoon D, et al. The Patient-Reported
Information Multidimensional Exploration (PRIME) framework for investigating emotions and other factors of prostate
cancer patients with low intermediate risk based on online cancer support group discussions. Ann Surg Oncol 2018 Jun
21;25(6):1737-1745. [doi: 10.1245/s10434-018-6372-2] [Medline: 29468607]

24. De Silva D, Ranasinghe W, Bandaragoda T, Adikari A, Mills N, Iddamalgoda L, et al. Machine learning to support social
media empowered patients in cancer care and cancer treatment decisions. PLoS One 2018 Oct;13(10):e0205855 [FREE
Full text] [doi: 10.1371/journal.pone.0205855] [Medline: 30335805]

25. Ranasinghe W, Bandaragoda T, De Silva D, Alahakoon D. A novel framework for automated, intelligent extraction and
analysis of online support group discussions for cancer related outcomes. BJU Int 2017 Nov 23;120 Suppl 3:59-61 [FREE
Full text] [doi: 10.1111/bju.14036] [Medline: 29058379]

26. Hu J, Jin F, Zhang G, Wang J, Yang Y. A user profile modeling method based on Word2Vec. 2017 Aug 18 Presented at:
2017 IEEE International Conference on Software Quality, Reliability and Security Companion (QRS-C); Aug 18; Prague,
Czech Republic p. 410-414 URL: https://ieeexplore.ieee.org/document/8004351 [doi: 10.1109/QRS-C.2017.74]

27. Ma L, Zhang Y. Using Word2Vec to process big text data. In: 2015 IEEE International Conference on Big Data (Big Data).
2015 Dec 28 Presented at: 2015 IEEE International Conference on Big Data (Big Data); October 29-November 4; Santa
Clara, California p. 2895-2897. [doi: 10.1109/bigdata.2015.7364114]

28. Baccianella S, Esuli A, Sebastiani F. SentiWordNet 3.0: an enhanced lexical resource for sentiment analysis and opinion
mining. In: Proceedings of the International Conference on Language Resources and Evaluation. 2010 May 17 Presented
at: LREC; 2010; Valletta, Malta p. 2200-2204.

29. Wingert F. Medical linguistics: automated indexing into SNOMED. Crit Rev Med Inform 1988;1(4):333-403. [Medline:
3288353]

30. Ekman, P. Basic emotions. In: Dalgleish T, Power MJ, editors. Handbook of Cognition and Emotion. New York, NY: John
Wiley & Sons Ltd; 1999:45-60.

31. Arnold MB, Plutchik R. The emotions: facts, theories and a new model. The American Journal of Psychology 1964
Sep;77(3):518. [doi: 10.2307/1421040]

32. Norgeot B, Muenzen K, Peterson TA. Protected Health Information filter (Philter): accurately and securely de-identifying
free-text clinical notes. GitHub - BCHSI/philter-ucsf. 2020. URL: https://github.com/BCHSI/philter-ucsf [accessed
2020-12-20]

33. Liu B. In: Hirst G, editor. Sentiment Analysis and Opinion Mining. Toronto, ON: Morgan and Claypool Publishers; 2012.
34. Holland JC, Alici Y. Management of distress in cancer patients. J Support Oncol 2010;8(1):4-12. [Medline: 20235417]
35. Anderson WG, Alexander SC, Rodriguez KL, Jeffreys AS, Olsen MK, Pollak KI, et al. "What concerns me is..." expression

of emotion by advanced cancer patients during outpatient visits. Support Care Cancer 2008 Jul 25;16(7):803-811 [FREE
Full text] [doi: 10.1007/s00520-007-0350-8] [Medline: 17960430]

36. Beal DJ, Cohen RR, Burke MJ, McLendon CL. Cohesion and performance in groups: a meta-analytic clarification of
construct relations. J Appl Psychol 2003 Dec;88(6):989-1004. [doi: 10.1037/0021-9010.88.6.989] [Medline: 14640811]

37. Sadasivam RS, Cutrona SL, Kinney RL, Marlin BM, Mazor KM, Lemon SC, et al. Collective-intelligence recommender
systems: advancing computer tailoring for health behavior change into the 21st century. J Med Internet Res 2016 Mar
07;18(3):e42 [FREE Full text] [doi: 10.2196/jmir.4448] [Medline: 26952574]

38. Borek AJ, Smith JR, Greaves CJ, Gillison F, Tarrant M, Morgan-Trimmer S, et al. Developing and applying a framework
to understand mechanisms of action in group-based, behaviour change interventions: the MAGI mixed-methods study.
Efficacy Mech Eval 2019 Jun;6(3):1-162. [doi: 10.3310/eme06030] [Medline: 31233299]

39. Van Rijsbergen CJ. Information Retrieval. London, UK: Butterworths; 1979.
40. Niu Y, Zhu X, Li J, Hirst G. Analysis of polarity information in medical text. AMIA Annu Symp Proc 2005:570-574 [FREE

Full text] [Medline: 16779104]
41. Whitaker C, Stevelink S, Fear N. The use of Facebook in recruiting participants for health research purposes: a systematic

review. J Med Internet Res 2017 Aug 28;19(8):e290 [FREE Full text] [doi: 10.2196/jmir.7071] [Medline: 28851679]
42. Bujang MA. Requirements for minimum sample size for sensitivity and specificity analysis. JCDR 2016. [doi:

10.7860/jcdr/2016/18129.8744]

JMIR Res Protoc 2021 | vol. 10 | iss. 1 | e21453 | p. 12https://www.researchprotocols.org/2021/1/e21453
(page number not for citation purposes)

Leung et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1080/01933922.2014.948235
http://europepmc.org/abstract/MED/31436785
http://europepmc.org/abstract/MED/31436785
http://dx.doi.org/10.1001/jamapsychiatry.2019.2664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31436785&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=31791967
http://dx.doi.org/10.1503/cmaj.190506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31791967&dopt=Abstract
http://www.jmir.org/2005/2/e16/
http://www.jmir.org/2005/2/e16/
http://dx.doi.org/10.2196/jmir.7.2.e16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15998607&dopt=Abstract
http://dx.doi.org/10.1245/s10434-018-6372-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29468607&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0205855
http://dx.plos.org/10.1371/journal.pone.0205855
http://dx.doi.org/10.1371/journal.pone.0205855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30335805&dopt=Abstract
https://doi.org/10.1111/bju.14036
https://doi.org/10.1111/bju.14036
http://dx.doi.org/10.1111/bju.14036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29058379&dopt=Abstract
https://ieeexplore.ieee.org/document/8004351
http://dx.doi.org/10.1109/QRS-C.2017.74
http://dx.doi.org/10.1109/bigdata.2015.7364114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3288353&dopt=Abstract
http://dx.doi.org/10.2307/1421040
https://github.com/BCHSI/philter-ucsf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20235417&dopt=Abstract
http://europepmc.org/abstract/MED/17960430
http://europepmc.org/abstract/MED/17960430
http://dx.doi.org/10.1007/s00520-007-0350-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17960430&dopt=Abstract
http://dx.doi.org/10.1037/0021-9010.88.6.989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14640811&dopt=Abstract
https://www.jmir.org/2016/3/e42/
http://dx.doi.org/10.2196/jmir.4448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26952574&dopt=Abstract
http://dx.doi.org/10.3310/eme06030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31233299&dopt=Abstract
http://europepmc.org/abstract/MED/16779104
http://europepmc.org/abstract/MED/16779104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16779104&dopt=Abstract
https://www.jmir.org/2017/8/e290/
http://dx.doi.org/10.2196/jmir.7071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28851679&dopt=Abstract
http://dx.doi.org/10.7860/jcdr/2016/18129.8744
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. Weiss DS. Impact of Event Scale: Revised. In: Wilson JP, Tang CSK, editors. Cross-Cultural Assessment of Psychological
Trauma and PTSD. Springer, Boston, MA: Springer Science+Business Media; 2007:219-238.

44. Osborne R, Elsworth G, Sprangers M, Oort F, Hopper J. The value of the Hospital Anxiety and Depression Scale (HADS)
for comparing women with early onset breast cancer with population-based reference women. Qual Life Res 2004
Feb;13(1):191-206. [doi: 10.1023/b:qure.0000015292.56268.e7]

45. Meijer RR, de Vries RM, van Bruggen V. An evaluation of the Brief Symptom Inventory-18 using item response theory:
which items are most strongly related to psychological distress? Psychol Assess 2011 Mar;23(1):193-202. [doi:
10.1037/a0021292] [Medline: 21280957]

46. Crawford JR, Henry JD. The positive and negative affect schedule (PANAS): construct validity, measurement properties
and normative data in a large non-clinical sample. Br J Clin Psychol 2004 Sep;43(Pt 3):245-265. [doi:
10.1348/0144665031752934] [Medline: 15333231]

47. Joyce AS, MacNair-Semands R, Tasca GA, Ogrodniczuk JS. Factor structure and validity of the Therapeutic Factors
Inventory–Short Form. Group Dynamics: Theory, Research, and Practice 2011 Sep;15(3):201-219. [doi: 10.1037/a0024677]

48. Bangor A, Kortum PT, Miller JT. An Empirical Evaluation of the System Usability Scale. Int J Hum Comput Interact 2008
Jul 30;24(6):574-594. [doi: 10.1080/10447310802205776]

49. Lent RW, Hill CE, Hoffman MA. Development and validation of the Counselor Activity Self-Efficacy Scales. Journal of
Counseling Psychology 2003;50(1):97-108. [doi: 10.1037/0022-0167.50.1.97]

50. Thompson C, Yost K, Bartz A, Kumar A, Ruddy K, Stan D, et al. Patient-reported outcomes, emoji, and activity measured
on the Apple Watch in cancer patients. In: JCO. 2018 May 20 Presented at: Health Services Research, Clinical Informatics,
and Quality of Care; 2018 May; Chicago, IL p. 6501-6501. [doi: 10.1200/JCO.2018.36.15_suppl.6501]

51. Tausczik YR, Pennebaker JW. The psychological Meaning of words: LIWC and computerized text analysis methods. J
Lang Soc Psychol 2009 Dec 08;29(1):24-54. [doi: 10.1177/0261927X09351676]

52. Fan J, Upadhye S, Worster A. Understanding receiver operating characteristic (ROC) curves. CJEM 2006 Jan 21;8(1):19-20.
[doi: 10.1017/s1481803500013336] [Medline: 17175625]

53. Funk B, Sadeh-Sharvit S, Fitzsimmons-Craft EE, Trockel MT, Monterubio GE, Goel NJ, et al. A framework for applying
natural language processing in digital health interventions. J Med Internet Res 2020 Feb 19;22(2):e13855 [FREE Full text]
[doi: 10.2196/13855] [Medline: 32130118]

54. Hasan M, Rundensteiner E, Agu E. Automatic emotion detection in text streams by analyzing Twitter data. Int J Data Sci
Anal 2018 Feb 9;7(1):35-51. [doi: 10.1007/s41060-018-0096-z]

55. Sari YA, Ratnasari EK, Mutrofin S, Arifin AZ. User emotion identification in Twitter using specific features: hashtag,
emoji, emoticon, and adjective term. Jurnal Ilmu Komputer dan Informasi 2014 Aug 21;7(1):18. [doi: 10.21609/jiki.v7i1.252]

56. Wang Z, Ho S, Cambria E. A review of emotion sensing: categorization models and algorithms. Multimed Tools Appl
2020 Jan 03;79(47-48):35553-35582. [doi: 10.1007/s11042-019-08328-z]

57. Wang J, Wei L. Fear and Hope, Bitter and Sweet: Emotion Sharing of Cancer Community on Twitter. Social Media +
Society 2020 Jan 16;6(1):205630511989731. [doi: 10.1177/2056305119897319]

Abbreviations
AI: artificial intelligence
AICF: artificial intelligence–based cofacilitator
CCC: Cancer Chat Canada
HADS: Hospital Anxiety and Depression Scale
NLP: natural language processing
PRIME: Patient-Reported Information Multidimensional Exploration

Edited by G Eysenbach; submitted 16.06.20; peer-reviewed by M Antoniou, D Saleh; comments to author 18.08.20; revised version
received 04.09.20; accepted 24.11.20; published 07.01.21

Please cite as:
Leung YW, Wouterloot E, Adikari A, Hirst G, de Silva D, Wong J, Bender JL, Gancarz M, Gratzer D, Alahakoon D, Esplen MJ
Natural Language Processing–Based Virtual Cofacilitator for Online Cancer Support Groups: Protocol for an Algorithm Development
and Validation Study
JMIR Res Protoc 2021;10(1):e21453
URL: https://www.researchprotocols.org/2021/1/e21453
doi: 10.2196/21453
PMID: 33410754

JMIR Res Protoc 2021 | vol. 10 | iss. 1 | e21453 | p. 13https://www.researchprotocols.org/2021/1/e21453
(page number not for citation purposes)

Leung et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1023/b:qure.0000015292.56268.e7
http://dx.doi.org/10.1037/a0021292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21280957&dopt=Abstract
http://dx.doi.org/10.1348/0144665031752934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15333231&dopt=Abstract
http://dx.doi.org/10.1037/a0024677
http://dx.doi.org/10.1080/10447310802205776
http://dx.doi.org/10.1037/0022-0167.50.1.97
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.6501
http://dx.doi.org/10.1177/0261927X09351676
http://dx.doi.org/10.1017/s1481803500013336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17175625&dopt=Abstract
https://www.jmir.org/2020/2/e13855/
http://dx.doi.org/10.2196/13855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130118&dopt=Abstract
http://dx.doi.org/10.1007/s41060-018-0096-z
http://dx.doi.org/10.21609/jiki.v7i1.252
http://dx.doi.org/10.1007/s11042-019-08328-z
http://dx.doi.org/10.1177/2056305119897319
https://www.researchprotocols.org/2021/1/e21453
http://dx.doi.org/10.2196/21453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33410754&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Yvonne W Leung, Elise Wouterloot, Achini Adikari, Graeme Hirst, Daswin de Silva, Jiahui Wong, Jacqueline L Bender,
Mathew Gancarz, David Gratzer, Damminda Alahakoon, Mary Jane Esplen. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 07.01.2021. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

JMIR Res Protoc 2021 | vol. 10 | iss. 1 | e21453 | p. 14https://www.researchprotocols.org/2021/1/e21453
(page number not for citation purposes)

Leung et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

