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Abstract

Purpose: COVID-19 has caused a shift toward consumer-facing technology such as mobile health (mHealth) applications. However,
most mHealth apps do not use accessible language. Standardized terminologies have potential to solve this problem but have not been
simplified for consumer use.

Methods: We used a standardized health terminology, the Omaha System, as the framework to develop the Simplified Omaha System
Terms (SOST) for use within a mHealth application, MyStrengths + MyHealth. Plain language principles informed the SOST development
in three phases, a community-validation focus group enabled feedback from diverse end-users, a readability assessment provide validation
to the desired goal readability level.

Results: The community-validation members (n = 19) ages ranged from 22 to 74; 51% male, 84% people of color, and 21% college educated.
The reading level of the final SOST averaged 3.86 on the Coleman-Liau Index (fourth grade). A case study showed meaningful whole-
person health data were generated in a community-led study during COVID-19.

Conclusions: Community validation and readability assessment demonstrated accessible language for a clinical terminology. The SOST was
deployed successfully in MyStrengths + My Health and in a community-led study. The Omaha System as a framework for the SOST may
enable the data to be integrated with clinical datasets. Future research should focus on validation of SOST in additional languages and

integration within electronic health platforms.
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Introduction

The coronavirus, COVID-19, pandemic has resulted in an in-
creased use of consumer-facing technologies, such as mobile
health applications (mHealth apps) (AHRQ, 2020; Keesara
et al., 2020; Webster, 2020). Use of mHealth apps has ampli-
fied the need for electronic health literacy skills (Norman and
Skinner, 2006). Further, use of mHealth apps has enhanced
the amount of data generated from mHealth apps (i.e., Con-
sumer-Generated Health Data — CGHD) (Garner et al., 2018;
Stec et al., 2019). However, most CGHD is unstructured and
not readily available for individuals or healthcare providers
(Gandomi and Haider, 2015; Mandel et al., 2016). Informatics
solutions, such as use of standardized terminologies, provide
structure to CGHD data that would enable shareable data be-
tween mHealth apps and health systems.

The growth of consumer-facing technologies has perpet-
uated a widening digital divide, as not all technologies are
universally accessible (Banskota et al., 2020; Chesser et al,,
2016; Ernsting et al., 2017; Huh et al., 2018; Mackert et al,,
2016). mHealth apps are meant to be used by the general
public and thus, should be inclusive and accessible to all, re-
gardless of literacy level (Broderick et al., 2014; Cutilli et al.,
2018; Roundtable on Health Literacy..., 2015). Plain language
principles include the use of simplified language (at or below a
sixth grade reading level) so that it is clear, concise, and acces-
sible to lower literacy abilities (AHRQ, 2017; Plain Language.
gov, n.d., 2015). Effective consumer-focused technology is not
about what people should do, but how to make it easier to do
the right thing for their health (Plow and Golding, 2017). For
many consumers, accessible language makes it easier to do the
right thing for their health (Kao and Liebovitz, 2017; Round-
table on Health Literacy..., 2015).
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The emergence of CGHD allows for consumers to contrib-
ute their health data to patient portals or electronic health re-
cords (EHRs) (Ancker et al., 2015; He et al., 2017; Turvey et
al., 2014; Whitney et al., 2018). However, much of the CGHD
is missing (not recorded), buried, or invisible (either recorded
as free text, or as part of non-standard documentation options
or paper forms) (Martin, 2005; Whitney et al., 2018; Zeng and
Tse, 2006). Informatics methods, such as use of standardized
terminology, seamlessly integrate CGHD into the broader in-
formatics infrastructure like EHRs (He et al., 2017).

We used the Omaha System, a multidisciplinary standard-
ized terminology, as the framework of this research to devel-
op a consumer-facing plain language (i.e., Simplified Omaha
System Terms [SOST]) used within the mHealth app, MyS-
trengths + MyHealth (MSMH). The Omaha System is a com-
prehensive, holistic framework that conceptualizes health
within the context of the environment and interpersonal rela-
tionships. Previous studies provided rationale for refining the
Omaha System for CGHD (Monsen et al., 2012; 2014; Pruinelli
et al., 2014). The structure of the Omaha System consists of
three related instruments: Problem Classification Scheme, In-
tervention Scheme, and Problem Rating Scale for Outcomes
(Martin, 2005). The Problem Classification Scheme includes
42 problems (or concepts) categorized within the four domains
of health (Environmental, Psychosocial, Physiological, and
Health-related Behaviors) used to describe health and health-
care. Each of the 42 problems has a unique set of signs/symp-
toms (varying from 3 to 19 signs/symptoms per problem).
The Omaha System concepts have been used to describe and
classify consumer strengths, or positive attributes (Monsen et
al., 2014, 2015). MSMH was designed to enable the self-report
of strengths, challenges, and needs (whole-person health). In
MSMH, the Omaha System Problems were renamed Concepts,
Signs/Symptoms were renamed Challenges, and Interventions
were renamed Needs. The four domains were renamed to My
Living, My Mind & Networks, My Body, and My Self-care. The
Intervention Scheme included four descriptive interventions:
Teaching, Guidance, and Counseling, Treatments and Proce-
dures, Case Management, and Surveillance. In MSMH, these
were renamed Info/Guidance, Hands-on Care, Care Coordina-
tion, and Check-ins.

The purpose of this study was to engage various stake-
holders and community members to validate a standardized,
consumer-facing simplified language to be used in a mHealth
app called, MyStrengths + MyHealth (MSMH). Our aims were
to (1) engage various stakeholders and community-members
to validate the plain language terms, and (2) conduct a read-
ability assessment of the community-validated terms, and (3)
describe the use of MSMH during COVID-19 to examine indi-
vidual and community strengths (resilience), as well as health
challenges and needs.

Materials and methods

We used an iterative consensus approach to translate the Oma-
ha System into simplified terms and validate the SOST. The
University of Minnesota Institutional Review Board deemed
this study to have exempt status. We divided this work into
three iterative phases consisting of two preliminary phases
and one final phase: Preliminary (P)-SOST 1, P-SOST 2, and
the Final SOST. We defined linguistic validation as the inves-

tigation of the reliability, conceptual equivalence, and content
validity of the SOST terms (Language Scientific, 2020; Wild et
al., 2005).

During the first phase of developing and validating the
SOST, we derived a preliminary P-SOST 1 using the Omaha
System framework (Aim 1). We engaged multiple stakehold-
ers to develop and validate the SOST. Researchers (RRA, KAM,
KSM) reviewed all Omaha System terms and revised the terms
using a consensus approach. Terms were revised in accordance
with plain language principles and existing definitions of the
Omaha System terms. Plain language principles undergo iter-
ative testing and revision to create simple, clear language, that
is conducive to reading and comprehension and that appeals to
diverse racial and ethnic groups (Broderick et al., 2014; Eich-
ner and Dullabh, 2007; The National Academies Press, 2015).
Omaha System term definitions are located in Appendix A of
the Omaha System book, which is available in the public do-
main (see terms at www.omahasystem.org) (Martin, 2005; The
Omaha System, 2021).

In the second phase, we validated the simplified language
terms with community members. The community-validation
exercise consisted of a two-hour community meeting with in-
vited community members to review and discuss the P-SOST 1.
Our community-academic partner, Hue-MAN, whose mission
is to reduce health disparities, invited community members to
participate in the validation exercise. Three researchers (RRA,
KAM, RCJ) facilitated the two-hour community exercise. Each
participant was given a paper copy of the P-SOST 1. A pro-
jector was used to display the terms on a large screen for the
entire group, and then participants convened in small groups
for five to ten minutes to review and discuss each concept and
the associated signs/symptoms. Next, participants engaged
in dialogue with the facilitators and made suggestions for
improvement. We reached consensus that the simplified lan-
guage version was understandable by the community. Based
on feedback, we created P-SOST 2 by revising P-SOST 1.

In the third phase, we revised P-SOST 2 to create the Final
SOST. Omaha System experts (RRA, KAM, KSM) reviewed all
P-SOST 2 terms for adherence with plain language principles.
One expert (KSM) re-reviewed the revised SOST terms for lin-
guistic validity to ensure the revised terms aligned with Oma-
ha System terms and definitions (Language Scientific, 2020;
Martin, 2005; Wild et al., 2005).

To conduct the readability assessment (Aim 2), we used the
Coleman-Liau index to assess readability and to validate the
terms that had reached recommended readability levels, at or
below sixth grade (Readability.org, 2021). The Coleman-Liau
Index is used to approximate a reading level based on U.S. grade
levels (a score of 3.86 indicates a readability level between the
third and fourth grade) by considering the length of the word
versus the number of syllables in each word (Readability.org,
2021). To assess readability, each term or phrase was entered
into an online text reader (www.online-utility.org), which in-
cludes the Coleman-Liau Index. Coleman-Liau Index scores
were recorded on an Excel spreadsheet to track the readability
scores of all the terms for SOST and for the original Omaha
System terms. We used descriptive and inferential statistics to
analyze the readability data.

An exemplar of community-based research using SOST
in MSMH (Aim 3) generated community data regarding
whole-person health (strengths, challenges, and needs) during
COVID-19 (Fig. 1).
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Do any of these challenges apply to you?

How would you rate your sleeping?

hard to keep from bothering others
wake up a lot at night

sleep walk

cannot get to sleep

nightmares

not enough sleep

stop breathing during sleep

snore

none apply

Please select your needs for Sleeping.

Check-ins —@

Hands-on Care

Okay

Info / Guidance o
Bad
Very Bad Care Coordination ::
No Rating

No Needs

L

Fig. 1. MyStrengths + MyHealth application example for the Sleeping concept

This community was jointly defined and led by a collab-
oration of community organizations, university faculty and
students, and a city public health department. Due to the
COVID-19 pandemic we worked together virtually to accom-
plish our goals. Several webinar sessions were facilitated to
identify the relevant SOST topics across domains of My Living,
My Mind & Networks, My Body, and My Self-care, disseminate
the survey, and disseminate findings to the community to in-
terpret findings together with stakeholders.

Results

Aim 1 - The community-validation exercise included 19 indi-
viduals ranging from 22 to 74 years of age: a majority were
male (51%), people of color (84%), and had an education level
less than that of college (79%). In the first phase, we modified
96% of the original Omaha System terms to create P-SOST 1.
In the second phase, we modified 34% of the P-SOST 1 terms
and created P-SOST 2. In the third phase, we modified 3% of
the P-SOST 2 terms (Table 1).

Table 1. Number and percentage of items changed during

the simplified Omaha System term development and
validation phases

Phases Category Number % items
ofitems  changed
changed

Concepts 32 76.2%

Phase 1: Omaha System  Signs/symptoms 330 98.5%

to P-SOST 1 Categories 4 100.0%

Domains 5 100.0%

Phase 2: P-SOST 1 to Concepts 18 42.9%

P-SOST 2 Signs/symptoms 110 32.8%

(Community-validation Categories 0 0.0%

exercise) Domains 0 0.0%

Concepts 0 0.0%

Phase 3: P-SOST 2 to Signs/symptoms 10 3.0%

Final SOST Categories 0 0.0%

Domains 0 0.0%

P-SOST - Preliminary Simplified Omaha System Terms.

Of the 42 Omaha System Problem concepts, RRA and KAM
revised 31 terms, 11 remained as the original Omaha System
term. After the community exercise, 10 of the terms were rec-
ommended to be reverted to the original Omaha System term,
seven terms were revised to a new suggested term, and 14 re-
mained as the P-SOST 1 (Fig. 2).

Of the Omaha System Signs and Symptoms (n = 335),
323 terms were changed to P-SOST, and 12 terms remained
the original Omaha System term. In the community exercise,
participants agreed with 240 terms and recommended 84 new
terms. Between the P-SOST 2 and Final SOST, Omaha System
experts, further revised terms (Fig. 3).

Both the Intervention category (n = 4) and Domain (n = 4)
terms were changed from the original Omaha System terms.
These remained unchanged through the P-SOST 2 and Final
SOST. The Omaha System and Final SOST problem concept
terms with the number of signs are illustrated (Table 2).

Aim 2 - The readability assessment using the Coleman-
Liau Index showed a significant reduction in reading level
from the Omaha System to the Final SOST. The Coleman-Liau
Index score for the Final SOST problems and signs/symptoms
was 3.41. Compared to the original Omaha System problems
and signs/symptoms Coleman-Liau Index score was 16.72
(t=19.46,df =767, p < 0.001).

Aim 3 - Responses using SOST in MSMH included re-
spondents (n = 576) from Minneapolis; Minnesota Zip codes
(n = 283); other Zip codes (New York to California) (n = 264);
and no reported Zip codes (n = 29). They were most often
25-44 years of age (68.4%); male (54%); Black/African Amer-
ican (23.1%), Hispanic/Latinx (24.3%); married (66.8%).
Participants had an average of 7 Strengths [M = 6.89 (SD =
4.88)], 16 challenges [M = 16.85 (SD = 12.15)], and 6 needs
(M = 5.64 (SD = 8.28)]. Using MSMH, participants reported
many strengths despite the current pandemic. The most com-
mon Strengths reported were in Home, Spirituality or Faith,
and Safe at home and work; Challenges in Emotions and Sleeping;
Needs in Emotions, Substance use, and Sleeping. Minneapolis
respondents had more strengths than respondents from else-
where. Participants with one or more Challenges in Substance
use had half as many Strengths, five times as many Challenges
and four times as many Needs compared to those without Sub-
stance use challenges. We invited community stakeholders to
interpret the study findings and plan the next steps.
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Problem concepts

Omaha System

P-SOST 1

P-SOST 2

Final SOST

Totals

PSOST1 A P-SOST 2 Final SOST

> 11 }721 > 21
gt

31 > 14 > 1

7 > 7

0 0 > 0

) ) > 42

Fig. 2. Changes in problem concept terms across phases

Table 2. Omaha System and Final COST with number signs and symptoms

Omaha System

Simplified Omaha System terms

Number signs/symptoms

Environmental domain
Income
Sanitation
Residence
Neighborhood/workplace safety

Psychosocial domain

Communication with community resources

Social contact

Role change
Interpersonal relationship
Spirituality

Grief

Mental health

Sexuality
Caretaking/parenting
Neglect

Abuse

Growth and development

Physiological domain
Hearing
Vision
Speech and language
Oral health
Cognition
Pain
Consciousness
Skin
Neuro-musculo-skeletal function
Respiration
Circulation
Digestion hydration
Bowel function
Urinary function
Reproductive function
Pregnancy
Postpartum
Communicable/infectious condition

Health-related behaviors domain
Nutrition
Sleep and rest patterns
Physical activity
Personal care
Substance use
Family planning
Healthcare supervision
Medication regimen

My living
Income
Cleaning
Home
Safe at work and home

My mind and networks
Connecting
Socializing
Role change
Relationships
Spirituality or faith
Grief or loss
Emotions
Sexuality
Caretaking
Neglect
Abuse
Growth and development

My body
Hearing
Vision
Speech and language
Oral health
Thinking
Pain
Consciousness
Skin
Moving
Breathing
Circulation
Digesting
Bowel function
Kidney/bladder
Reproductive health
Pregnancy
Postpartum
Infections

My self-care
Nutrition
Sleeping
Exercising
Personal care
Substance use
Family planning
Health care
Medications

11
14

=
B 00O WO B 0WWwR

=
=

0 g O © O W o
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Signs/Symptoms P-SOST

(SSx) 1 P-SOST 2 A Final SOST
Omaha System SSx 12 \ > 11 > 1 10
(335)

P-SOST 1 323 \ — 240 — 3 238
P-SOST 2 0 84 ———> g4 <1 80
Final SOST 0 3 3
TOTALS 335 335 335

Fig. 3. Changes in sign/symptoms terms across phases

Discussion

In this linguistic validation study, we translated a rigorous
standardized clinical terminology into simplified language us-
ing plain language principles. The Simplified Omaha System
Terms (SOST) were found to be readable at fourth grade read-
ing level, consistent with health literacy guidelines (AHRQ,
2017; Language Scientific, 2020; U.S. Department of Health...,
2020). This is the first known study to translate and validate a
standardized clinical terminology into simplified language for
use in a mHealth app. The exemplar highlights the use of SOST
by a community to examine strengths, challenges, and needs,
during the pandemic. Future studies should be conducted to
confirm readability with consumers across literacy levels and
languages.

The Omaha System is a simple, user-friendly, multi-disci-
plinary terminology thought to be suitable for use by consum-
ers as well as healthcare providers and other groups (Martin,
2005). Therefore it is notable that in Phase 1 Omaha System
terminology experts translated the vast majority of the Oma-
ha System problems and signs/symptoms terms to enable use
by consumers. This reveals how even the simplest clinical ter-
minologies may not be consumer friendly. The Phase 2 finding
that the community members helped to refine one-third of the
P-SOST 1 terms suggests that it is critical to work with com-
munity members to develop community-friendly language.
The finding that very few changes were needed in Phase 3
to adhere to terminology guidelines shows that a stable end-
point was reached.

The implications of developing a rigorous clinical termi-
nology using a simplified language are numerous. While the
original Omaha System terms were simplified to create SOST,
the structure of the Omaha System remained unchanged
(Martin, 2005). The SOST maintains the rigor of a recognized
clinical terminology that aligns with national terminology
standards, such as SNOMED CT and LOINC (Martin, 2005;
Regenstrief Institute, 2020; SNOMED International, 2018).
The data generated by the SOST may be analyzed with re-
lated clinical data (Monsen et al., 2021a). The SOST has the
potential to transform healthcare encounters because con-
sumers will be able to use simplified terms to fully describe
their health-related strengths, challenges, and needs, using a
rigorous ontology. Future research should focus on the imple-
mentation of consumer-facing language such as the SOST to
examine consumer satisfaction, as well as the effects of using

the SOST on patient-provider communication in a clinical set-
ting. Efforts are underway using these methods to translate
SOST into additional languages (e.g. Dutch, Spanish, Czech,
Slovak, Mandarin, Thai, and others), thus making these pow-
erful whole-person health assessments and standardized data
available worldwide.

Literature suggests that data generated from the consum-
er-friendly SOST will be useful to both consumers and re-
searchers; and our experience confirms that this has been the
case (Hsueh et al., 2017; PCORI Institute, 2019; Pruinelli et al.,
2014). Use of the SOST consistently across platforms would
enable consumers to contribute to large population health da-
tasets and clinical data repositories (Monsen et al., 2021a, b).
These structured CGHD can then be used by researchers to im-
prove consumer-centered outcomes (PCORI Institute, 2019).
For example, researchers have successfully used the SOST as
CGHD to understand strengths, challenges, and needs related
to the COVID-19 pandemic (Monsen et al., 2021a).

Our research is consistent with national and international
initiatives to prioritize consumers’ perspectives, to amplify the
consumer voice within EHR data (Austin, 2018; Monsen et al.,
2021b), as well as to develop and integrate consumer-friendly
terms to help consumers easily report comprehensive health
information (PCORI Institute, 2019; The Office of National
Coordinator, 2020). The use of the Omaha System as a frame-
work enabled the translation of a standardized consumer-fac-
ing language that has potential to include individual- and com-
munity-level data within the EHR. Next steps include policy
development to support the use of consumer-facing terms
such as the SOST to seamlessly integrate CGHD within current
technology platforms to reveal the consumer’s whole-person
health perspective. The case study of the use of an informatics
tool using simplified language demonstrates the use of CGHD
for community-based participatory research, resulting in ac-
tionable whole-person data including strengths and resilience,
globally (USAID, 2021; WHO, 2017).

Limitations

Threats to translation validity were addressed by reducing
linguistic complexity through the use of simplified terms in
alignment with plain language principles, while maintaining
the original meanings of the Omaha System terms. We avoid-
ed idioms and employed an iterative methodology that incor-
porated multiple consumer perspectives in three phases. These
methods should be replicated in translating and validating the
Omaha System or any clinical terminology into plain language.
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Conclusions

This is the first study to translate the Omaha System to sim-

The community exemplar demonstrated there was interest in
this standardized linguistic approach. During the COVID-19
pandemic, there has been particular interest to expand this
approach globally, due to an increased international focus on

plified terms readable at the fifth grade level. The Simplified whole-person health.

Omaha System Terms provide structure and rigor for consum-

er-generated health data, to ensure that the consumer voice

is represented in standardized data that has potential value =~ Ethical aspects and conflict of interests
during a clinical encounter and in population health datasets. The authors have no conflict of interests to declare.

Preklad a ovéreni systému Omaha do anglického jazyka ve zjednodusenych terminech téhoz
systému

Souhrn

Cil: Covid-19 zpusobil posun smérem k technologiim orientovanym na spotfebitele, jako jsou mobilni zdravotni aplikace
(mHealth). Vétsina aplikaci mHealth vSak p#istupny jazyk nepouziva. Standardizované terminologie maji potencial tento problém
vytesit, ale nebyly zjednoduseny pro spottebitelské pouZiti.

Metodika: Pouzili jsme standardizovanou zdravotnickou terminologii, systém Omaha, jako ramec pro vyvoj Simplified Omaha
System Terms (SOST) pro pouziti v aplikaci mHealth, MyStrengths + MyHealth. Principy jednoduchého jazyka informovaly o vy-
voji SOST ve trech fazich, komunitni valida¢ni skupina umoznila zpétnou vazbu od raznych koncovych uzivateld, hodnoceni
¢itelnosti poskytlo ovéreni pozadované cilové drovné Citelnosti.

Vysledky: Vék ¢lent v komunitni valida¢ni skupiné (n = 19) byl v rozmezi od 22 do 74 let; 51 % muzi, 84 % lidi jiné barvy pleti
a 21 % vysokoskolsky vzdélanych. Uroven ¢teni kone¢ného SOST byla v priiméru 3,86 na Coleman-Liau Index (¢tvrty stupers).
Pfipadova studie ukazala, Ze v komunitni studii béhem pandemie covidu-19 byly vygenerovany smysluplné udaje o celkovém
zdravi ¢lovéka.

Zdvér: Komunitni validace a hodnoceni ¢itelnosti prokazaly pFistupny jazyk pro klinickou terminologii. SOST byl tspé3né nasazen
v MyStrengths + MyHealth a komunitni studii. Systém Omaha jako ramec pro SOST muZe umoznit integraci dat s klinickymi
datovymi soubory. Budouci vyzkum by se mél zamé¥it na validaci SOST v dalsich jazycich a integraci v ramci platforem elektro-

nického zdravotnictvi.

Kli¢ova slova: informacni véda; terminologie; zdravotni gramotnost
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