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(information and knowledge exchange), and “relationships” (link-
ages) since telehealth, specifically ‘telenursing,’ will boost techno-
logical competency among nurse practitioners. It is also commend-
able on the notion of reducing medical costs with technology
innovations (7, 13, 14) and theoretically may result to a decrease in
‘digital divide’ since demands for internet access will increase for
the service providers. Emerging technologies (e.g., exceptionally
novel or cost-effective solutions that can potentially ‘reengineer’
the healthcare delivery system) may have great impacts to popula-
tion health outcomes, healthcare quality, and health equity (13).
The technical feasibility of developing and implementing a ‘Nurse
Chatbot’ is realistic based on the available evidence of chatbot
designs and chatbot-delivered/mediated interventions (15). How-
ever, not much is known about human-computer/intelligent machine
interaction in the ‘communicative’ dimension (zooming into mes-
sage content and meaning, networks, and functions to account the
logic of connections/causality) which can be intriguingly captured by
theorizing : first, the textual properties of “caring” transmitted
between healthcare chatbots and users ; and second, the forma-
tion of ego-centric relationships (i.e. from chatbot to users) to
optimize delivery of care.
The aim of this article is to explore the ‘Nurse Chatbot’ for
chronic care on the benefits of increasing patient/client access to
healthcare information and maximizing the potential of AI to bridge
the ‘demand-supplygap’ of human healthcare providers.

CARING AS COMMUNICATION (TRANSACTIONS)
The dominant framework of this article comes from the “Transac-
tive Relationship Theory of Nursing” /TRETON by Tanioka (16)
articulating the relationship between human agent (the ‘nursed’)
and non-human agent (the ‘Nurse Chatbot’) to address “caring”.
In this article, the theory will be used for the following : (a) to create
the chatbot-based telenursing model of communication ; (b) to
describe the diffusion and technology acceptance of the ‘Nurse
Chatbot’ for chronic care ; (c) to elucidate the elements of “transac-
tions” (chat history) between conversations, relationships, and
interactions (i.e. directed/one-way and undirected/two-way) based
on Dubberly and Pangaro’s model of second-order cybernetics
(17) ; and (d) to address the basic physical paradoxes with the
latter against the limitations of early models like ‘complexity,’
‘unpredictability,’ ‘general relativity,’ and ‘entropy’ (18) for de-
signing the ‘Nurse Chatbot’ telenursing system for chronic disease
self -management support/CDSMS.
Cybernetic communication by Craig (19) depends on informa-
tion processing against noise, in the form of noisy data, word

meaning ambiguity/uncertainty, multilingual data, etc. (20),which is
concurrent with message transmission. Thus, ‘redundancy’ and
‘signal amplification’ are necessary. On the other hand, AI-powered
chatbots will be efficient in the following : (a) capturing message
history (fidelity) ; (b) understanding meanings (semantics) with
open-source syntax parsers (e.g., SyntaxNet, ParseySaurus) ; and
(c) connecting information across human-to-human or human-to-
machine communications (networking). Virtual CDSMS in cases
of blood sugar control, blood pressure control, and cancer fatigue
and depression seems highly ‘transactive,’ i.e. metrically in the
following : (a) two-way information processing analytics from
encoding to decoding of goal and agreement messages (e.g., n-
gram modeling/computing the word frequencies and correlations) ;
(b) ‘information wastage ratio’ (Wr) from Flor’s theorem of infor-
mation overload with ‘informatization’ (21), expressed as 1 minus
information utilization (IU) divided by information generation (IG)
when producing and managing the knowledge base for CDSMS in
the system ; and (c) system interference values (e.g., noise, mutual
information loss or distortions/uncertainty, cross-entropy, and
perplexity).

ROLE OF NURSE CHATBOT
Ideation of a dynamic state when “knowing persons” (i.e. techno-
logical knowing, designing, and participative engaging) along the
Möbius is attributed to Locsin and Purnell (22). Hence, virtually
“knowing persons” with the ‘Nurse Chatbot’ poses a similar inclina-
tion. Use of quantum theory (in complex networks) to explain the
frontiers of real world communication allows the context of (multi-
partite) ‘entanglement’ to be visualized in graph states where
actors/nodes are independent of physical links/edges (23) in the
same dimension. These may be portrayed in space-time by the
‘chirality’ (opposite rotations) of two entangled Möbius bands (Fig.
1). On the other hand, to understand the ‘communicative actions’ of
agents and how they configure (arbitrarily ‘translocate’ roles)
across two Möbius topologies, the agency framework of organiza-
tional communication by Saludadez (24), consisted of upstream
agents, interlocutors/middle agents, and downstream agents, is
applicable here in order to study the ‘edge entanglement’ (refer-
ring to multidimensional/multilayered interactions) through mul-
tiplex network analysis (25).
The ‘Nurse Chatbot’ can simulate ‘autonomy’ (judgment) in
providing CDSMS (e.g., determining informational healthcare
resources, setting goals for behavior modifications based on self -
efficacy, and offering options to increase adherence with prescribed
medications and health-promoting behaviors based on predicted

Fig.1 : Chatbot -based telenursing model for chronic disease self -management support
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gaps) by superpositioning and entanglement (Fig. 2) with functions
of the “nursing agency” (the nurse- led care team), exhibit self -
organization (learning from conversations), cognitive and emotional
response (reproducing human intelligence and emotions to be
comforting), and allow collaborative healthcare management.

EFFECTS OF NURSE CHATBOT

Systematic review of healthcare chatbots by Laranjo et al. (15)
showed a significant effect in reducing depression. Patients receiving
chatbot care are expected to have improved adherence to medica-
tion regimen and health-promoting behaviors, and control of
symptoms as their self -efficacy increase (e.g., blood pressure
control, blood sugar control, and cancer fatigue). Another way to
valorize outcomes is by Maslow’s Hierarchy of Needs (26) of
users (e.g., mental healthchatbots have a positive impact on safety,
belongingness, and self -esteem). Information flows will be vital to
maintain CDSMS. Diffusion, cascades, and ‘rewiring’ are the
important phenomena to analyze quantitatively which will give
insight to communication capacity and autonomy of the ‘Nurse
Chatbot’. Patient satisfaction is theorized as a function of user
sentiment and interaction patterns with the chatbot.

Robustness of chatbot operation
Network analysis by Renoust (25) is the suitable approach for
the kind of data and the intricacies of high dimensional visualiza-
tion. According to Tanioka et al. (27) humanoid robots can be
qualified to care if they can deeply observe, understand/judge,
empathize, respond quickly to changing conditions, and personal-
ize care, and normalize the discourses pertaining to ethical and
safety issues. Hence, a ‘Nurse Chatbot’ is expected to mimic
them at the interface of the human nurse and the human patient.
Conventional designs have to be remodeled by “humanizing” the
chatbot technology (blend of cognitive and affective algorithms) and
“virtualizing” (reproducing) the nurse-patient relationship in human-
chatbot transactions. Critical in the success of telenursing with
chatbots is user satisfaction. Robustness of chatbot operation
should be able to approximate real world effectiveness of CDSMS
programs. CDSMS decision trees provide codifiable rules for chatbot
interventions, e.g., the quasi-experimental study by Hernandez in
2013 (28) to control primary hypertension among industrial workers
as programming template.

Challenges in chatbot designs
Recent BotAnalytics survey has shown that about 40% of users
stop using chatbots after the first encounter and then 25% after the

second (29) indicating poor natural language processing/NLP
and intelligent response. Third generation chatbots running on
neural networks achieve real human responses (30, 31) since the
dialogue manager is a hybrid of generation-based and rule-based
models. Behavior change communication works well with a per-
suasive system design (32). Artificial intelligence in the ‘Nurse
Chatbot’ system (Fig. 3) is inspired by Froese’s (33) elaboration of
biological cognition where the interaction of ‘pre-reflective’ and
‘reflective’ processes result to knowledge but is situation dependent
(referring to conditions of transactions) based on second-order
cybernetics. ‘Pre-reflective’ process acts on the training data set
(e.g., text corpus, chat conversations, feedbacks, etc.). Deep learn-
ing functions to extract patterns and to predict such occurrences
using a recurrent neural network algorithm. On the other hand,the
‘reflective’ is NLP which actually means ‘distinguishing’/decoding
text inputs into word meanings and associations. Message replies
are produced by ‘reformulating’ (encoding) and then ‘validating’
(decoding) the NLP output with the training data. Overall, system
operations adjust to set goals.
Conversational ambiguities can be overcome by employing any of
the following combinations : (a) ontology-based system to ‘personal-
ize’ responses (34) ; (b) context-sensitive generation (35) ; (c) dia-
logue learning ; (d) implicit feedback (e.g., sentiments in texts) ;
and (e) reinforcement learning (36) based on literature. The proto-
type capitalizes on the advantages of goal-oriented workflows (37),
chat-oriented data training and open-domain generated response
(38) augmented by latent (input and output) dialog variables (39,
40). To put ‘empathy’ in CDSMS transactions, the emphatic module
(affective/sentiment processing) will recognize emotional cues
from human language (41). Chatbot- to-chatbot learning (37) and
chatbot system integration with the Internet of Things/IoT (42) are
functions to consider for greater convergence.

Ethico-compassionate chatbot behavior
To the knowledge of the author, ego-centric chatbot behavior
has not been studied yet . Therefore, diffusion simulation data will
be deduced from social (human-to-human) network diffusion and
cascade models, e.g., Zhang, Fang, Chen, and Tang (43) ; Lelarge
(44) ; and Mehdiabadi, Rabiee, and Salehi (45) which may lead to
‘misrepresentation’ or ‘discourse of representation’ and confirma-
tion bias (values are interpreted predilected to the observer ;
subjectivity) or ‘discourse of understanding,’ i.e.imposing separation
of subject (caring agents) and object (transactions) to explain the
reality (telenursing) instead of weaving it and forging heuristic/
intuitive generalizations with scant regard of the multiple dimen-
sions in ‘knowing’ a phenomenon respectively (46). Dong, Hui and
He’s approach to structural analysis of chat data (47) is useful on

Fig2 : Configuration of agents for CDSMS transactions

26 J. P. Hernandez Nurse Chatbot for CDSMS



inferring ‘cross-entropy’ (redefined as transmission encoding error ;
‘misinformation’) and ‘perplexity’ (redefined as transmission
decoding error ; ‘disinformation’), e.g., k-gram of words (48).
Nearest-neighbor statistics provides the analysis of entropy and
mutual information between agents (49). ‘Mutual Information
Loss,’ in theory, surges from [uncontrolled] informational uncer-
tainties for producing the recursive, ‘nudging’ actions in order to
change or target patient/client (problematic) health behavior(s)
during CDSMS transactions (as entropy), unharmonized dis-
agreements (as perplexity), and information overload. The degree
of perplexity is inversely related to the amount of information
exchanged, i.e. lowering perplexity means increasing information
(50) to decrease uncertainty in transactions while increasing
‘information wastage ratio’ (21) on the other side. These assump-
tions, when validated, will expose the complexity and relativity of
the phenomenon of “caring”.
Converting the Technology Acceptance Model/TAM into struc-
tural equations, the way Erasmus, Rothmann, and van Eeden (51)
have demonstrated, will be prudent not only for calculating proba-
bilistic adoption of the ‘Nurse Chatbot’ but also for testing variables’
state transitions with Petri nets/agent-based modeling, stochastic
‘decay,’ and resistance to information flow over time (e.g., knowl-
edge, regression with CDSMS, etc.). TAM elements could be
manipulated to act as gatekeepers and then visualized in a multilayer
network. It may permit simulation of the amount of information
(e.g., bytes, n -gram) significant to inform and to persuade users
based on the equation by Flor (21).
Three out of eleven ethical themes surfacing from AI tech-
nologies echo global concerns, namely : ‘Privacy and Misuse,’
‘Transparency,’ and ‘Abuse and Human Rights’ (26). In the case of
‘Nurse Chatbot,’ the following solutions should be validated re-
spectively : data encryption and artificial neural network-based
cybersecurity ; informed consent/explicit system documentation/
full disclosure of chatbot decision support/monitoring of informa-
tionasymmetries ; and ‘Bad Word Filter’ in NLP algorithm.

Chatbot design and operation are covered in the ‘Ergonomics of
Human-System Interaction’ quality measures by the International
Organization for Standardization/ISO, stipulated as ‘usability’
(ISO 9241-11) in terms of : ‘effectiveness’ (functionality and hu-
manity, e.g., passing the Turing test of intelligent behavior) ;
‘efficiency’ (performance) ; and ‘satisfaction’ (affect, ethics and
behavior, and accessibility) according to Radziwill and Benton’s
findings (52).

CONCLUSION

Feasibility of a ‘Nurse Chatbot’ for chronic care is worth explor-
ing on the benefits of increasing patient/client access to healthcare
information and maximizing the potential of AI to bridge the gap
between demand and supply of human healthcare providers, par-
ticularly in the delivery of a ‘robust’ level of CDSMS via novel
telenursing (service) model as proposed in this article. The design
features ascribed to what constitutes a ‘Nurse Chatbot’ and how it
will work is integrative at the current level of innovation in an
attempt to humanize “caring” by non-human agents, which is an
“anthropomorphistic” (26) disposition with AI technologies ; and to
replicate the properties of “caring” communicatively via telenursing
in the context of combining cybernetics and quantum network
theory. At the moment, challenges do not just glean rigors of
explicit coding mounted on the frame of computing and nursing
rather are forked between technology acceptance, possible out-
comes, and ethics as ‘metadiscursive’ among stakeholders. Hence,
the spectra of interests and opportunities prompting diffusion of
AI (in multisector landscape) will always be in a state of flux.
Nevertheless, it is plausible to inquire both theoretical dissonance/
divide and polarization among scholars regarding the “caring”
dimension(s) in the presence of AI. The ‘Nurse Chatbot’ and its
implementation could be a metaphor of “cross-fertilization” of
nursing beyond the neighboring sciences, creating borderless

Fig.3 : ‘Nurse Chatbot’ architecture, system domains, and operation
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fields of knowledge instead of collecting knowledge into silos and
isolating it within the field.

CONFLICT OF INTEREST

The author declares no conflict of interest.

ACKNOWLEDGEMENT

The author would like to thank the following : Dean, Dr. Alexander
G. Flor and FICS Professors, in particular, Dr. Felix R. Librero
(Professor Emeritus), Dr. Grace J. Alfonso (Former Chancellor),
Dr. Melinda F. Lumanta (Vice Chancellor for Academic Affairs),
Dr. Jean A. Saludadez (Vice Chancellor for Finance and Admini-
stration), and Dr. Melinda dP. Bandalaria (Chancellor) at UPOU,
for fostering research scholarship under the Doctor of Communica-
tion Program ; Dr. Rozzano C. Locsin and Dr. Tetsuya Tanioka of
Tokushima University, Japan, for their expert recommendations ;
and Dean, Dr. Farhan Alshammari for his support to education,
training, and research of the Facultymembers at UOH-CON. Special
thanks to Dr. Eddieson A. Pasay-an, (Assistant Professor), for his
time to accommodate peer consultations, and to other colleagues at
UOH-CON, namely : Dr. Richard Dennis J. Dayrit, (Assistant
Professor and Vice Dean for Quality and Development) ; Mr.
Vincent Edward R. Butcon (Lecturer) ; Mr. Reinhard Roland T.
Ebol (Nurse Specialist) ; and Ms. Sheila S. Torres (Lecturer),
for their helpful comments about the author’s ideas. Profound
gratitude is expressed to Mr. Renato O. Hernandez, Mrs. Irma T.
Hernandez, and Ms. Jan Cressa T. Hernandez (author’s imme-
diate family), Ms. RheaMae G. Delgado and her family, and Ms.
Marieta R. Manza (Managing Editor of “Tagumpay�Magazine in
October 2017 lssue), for their love, prayers, and support during
“The Second International Seminar and Workshop on Technological
Competency as Caring in the Health Sciences”on August 17 to 19,
2018 at Tokushima University in Tokushima, Japan. Thanks to Dr.
Cyruz P. Tuppal (Adjunct Faculty Member of St. Paul University
Philippines System), for sharing the vital infomation in joining the
aforementioned conference, and to Mr. Domingo C. Navarro, Jr.
(online artist at https : //www.facebook.com/sanjunarts/), for de-
signing the iconic human image of the ‘Nurse Chatbot’ that was
used in the oral presentation. Also, thanks to The Journal of
Medical Investigation Committee members under the University
of Tokushima School of Medicine, Japan for their acceptance of this
article. The article’s future direction is set by professional nursing

�care inspirations from Ms. Grace Dianne B. Pelino. All this hard
work for God’s glory!

REFERENCES
1� Nuffield Council on Bioethics, London. Artificial intelligence
(AI) in healthcare and research [bioethics briefing note].
Nuffield Bioethics [Internet]. 2018 May [cited 2018 July
23] ; 1 -8. Available from : http : //nuffieldbioethics.org/wp-
content/uploads/Artificial - Intelligence-AI-in-healthcare-and-
research.pdf

2� CollierM, Fu, R, Yin L. AI : an engine for growth. Accenture
[Internet]. 2017 [cited 2018 May 19] ; 1 -8. Available from :
https : //www.accenture.com/t20171215T032059Z__w__/
us-en/_acnmedia/PDF-49/Accenture-Health-Artificial-
Intelligence.pdf#zoom=50

3� LeCun Y, Bengio Y, Hinton G. Deep learning. Nature [Internet].
2015 May 28 [cited 2018 May 19] ; 521 : 436-444. Available
from : https : //www.cs.toronto.edu/~hinton/absps/Nature

DeepReview.pdf
4� Goodfellow I, Bengio Y, Courville A. Deep learning. MIT
Press [Internet]. 2016 Nov 18 [cited 2018 May 19] ; 1 -785.
Available from : https : //github.com/janishar/mit-deep-
learning-book-pdf/blob/master/complete-book-bookmarked-
pdf/deeplearningbook.pdf

5� USTWO London. AI : empathy and designing for the future of
health. 2017 May 19 [cited 2018 May 19] ; 1 -20. Available
from : https : //usweb-cdn.ustwo.com/ustwo-production/
uploads/2017/05/AI-Empathy-and-Designing-for-the-
Future-of -Health2.pdf

6� Jiang F, Jiang Y, Zhi H, Dong Y, Li H, Ma S, Wang Y, Dong Q,
Shen H, Wang Y. Artificial intelligence in healthcare : past,
present and future. Stroke Vasc Neurol [Internet]. 2017 Jun 22
[cited 2018 May 19] ; 2(e000101) : 230-243. Available from :
https : //svn.bmj.com/content/svnbmj/2/4/230.full.pdf

7� Chamberlain G. Deconstructing the telehealth industry :
part II improving the access points of healthcare delivery.
Chicago, Illinois : Ziegler [Internet]. 2018 [cited 2018 Aug
10] ; 1 -28. Available from : http : //triple.care/wp-content/
uploads/2018/05/Ziegler_Virtual-Care-White-Paper_Spring-
2018-PRINTABLE.pdf

8� Liu JX, Goryakin Y, Maeda A, Bruckner T, Scheffler R. Global
health workforce labor market projections for 2030. World
Bank, Health Nutrition and Population Global Practice Group
[Internet]. 2016 Aug [cited 2018 May 19] ; Policy Research
Working Paper 7790 : 1-38. Available from : http : //documents.
worldbank.org/curated/en/546161470834083341/pdf/WPS
7790.pdf

9� Schwamm LH, Chumbler N, Brown E, Fonarow GC, Berube
D, Nystrom K, Suter R, Zavala M, Polsky D, Radhakrishnan K,
Lacktman N, Horton K, Malcarney MB, Halamka J, Tiner AC.
Recommendations for the implementation of telehealth in
cardiovascular and stroke care, a policy statement from the
American Heart Association. Circulation [Internet]. 2017 Feb
14 [cited 2018 Jul 13] ; Policy Statement 135 : e24-e44.Available
from : http : //circ.ahajournals.org/content/circulationaha/
135/7/e24.full.pdf

10�Masayuki M. The effects of artificial intelligence and robotics
on business and employment : evidence from a survey on
Japanese firms. Japan : Research Institute of Economy, Trade
and Industry [Internet]. 2016Apr [cited 2018 Jul 13] ; Discussion
Paper Series 16-E-066 : 1-16. Available from : https : //www.
rieti.go.jp/jp/publications/dp/16e066.pdf

11�Sturgeon, TJ. The new digital economy and development,
UNCTAD technical notes on ICT for development. United
Nations Conference on Trade and Development [Internet].
2017 Oct 8 [cited 2018 Jul 21] ; 8 : 1 -37. Available from :
http : //unctad.org/en/PublicationsLibrary/tn_unctad_ict4
d08_en.pdf

12�TM Capital. The next generation of medicine : artificial
intelligence and machine learning [Internet]. 2017 Dec 11
[cited 2018 Aug 10] ; 1 -25. Available from : https : //www.
tmcapital.com/wp-content/uploads/2017/11/TMCC20AI20
Spotlight20-202017.10.2420vF.PDF

13�Huston C. The impact of emerging technology on nursing
care : warpspeedahead.OnlineJ IssuesNurs [Internet]. 2013
May 31 [cited 2018 May 19] ; 18(2) : Manuscript 1,1 -14.
Available from:http://ojin.nursingworld.org/MainMenu
Categories/ANAMarketplace/ANAPeriodicals/OJIN/
TableofContents/Vol -18-2013/No2-May-2013/Impact-of -
Emerging-Technology.html

14�PricewaterhouseCoopers. Sherlock in health�how artificial
intelligence may improve quality and efficiency, whilst reducing
healthcare costs in Europe [Internet]. 2017 Jun [cited 2018
Aug 10] ; 1 -24. Available from : https : //www.pwc.at/de/

28 J. P. Hernandez Nurse Chatbot for CDSMS



publikationen/branchen-und-wirtschaftsstudien/pwc_
sherlock_in_health_0717.pdf

15�Laranjo L, Dunn AG, Tong HL, Kocaballi AB, Chen J, Bashir R,
Surian D, Gallego B, Magrabi F, Lau AYS, Coiera E.
Conversational agents in healthcare : a systematic review. J
AmMed InformAssoc [Internet]. 2018 Jul 11 [cited 2018 Oct
11] ; 25(9) : 1248-1258. Available from : https : //academic.
oup.com/jamia/article -pdf/25/9/1248/25643433/ocy072.
pdf

16�Tanioka T. The development of the transactive relationship
theory of nursing (TRETON) : a nursing engagement model
for persons and humanoid nursing robots. Int J Nurs Clin
Pract [Internet]. 2017Mar 2 [cited 2018 Jun 25] ; 4(223) : 1 -8.
Available from : https : //www.graphyonline.com/archives/
archivedownload.php?pid=IJNCP-223

17�Dubberly H, Pangaro P. Introduction to cybernetics and the
design of systems [Internet]. 2010 Jan [cited 2018 Oct 23] ;
Working Draft 4.1 : 113-167. Available from : https : //sva.
instructure.com/files/16079482/download?download_frd=1

18�Kupervasser O. New cybernetics and the application of its
principles in physics. J Syst Cybern Inf [Internet]. 2013 Sep 18
[cited 2018 Oct 23] ; 11(7) : 74-83. Available from : https : //
arxiv.org/ftp/arxiv/papers/0911/0911.2610.pdf

19�Craig RT. Communication theory as a field. Communication
Theory [Internet]. 1999 [cited 2018 Oct 24] ; 2 : 119-161.
Available from : http : //www.clt.astate.edu/mhayes/Craig%
20Article.PDF

20�Prasad G. Understanding text… [Internet]. 2017 Jul 14. [cited
2018 Oct 12]. Available from : https : //chatbotslife.com/
understanding-text-808dea7a0ae2

21�Flor AG. Development communication praxis. UP Open
University [Internet]. 2007 [cited 2018 Nov 1] : [241 p.].
Available from : https : //www.researchgate.net/profile/
Alexander _ Flor / publication / 276929356 _ Development _
Communication_Praxis/links/555c355108ae8f66f3ade61b/
Development-Communication-Praxis.pdf

22�Locsin R, Purnell M. Advancing the theory of technological
competency as caring in nursing : the universal techno-
logical domain. Intl J for Hum Caring [Internet]. 2015 Jan
[cited 2018 Jun 25] ; 19 : 50-54. Available from : https : //
www.researchgate.net/publication/295254978_Advancing_
the_Theory_of_Technological_Competency_as_Caring_in_
Nursing_The_Universal_Technological_Domain

23�Pirker A, Wallnöfer J, Dür W. Modular architectures for
quantum networks. New J Phys [Internet]. 2018 Jul 9 [cited
2018 Oct 23] ; 20(053054) : 1 -24. Available from : https : //
arxiv.org/pdf/1711.02606.pdf

24�Saludadez JA. Accomplishing education in open universi-
ties through the agency of digital media. Asian Association
of Open Universities Journal [Internet]. 2015 [cited 2018
Oct 24] ;10(2) :67-79. Available from : https ://www.emeral
dinsight. com/doi/pdfplus/10.1108/AAOUJ-10-02-2015-B
006

25�Renoust B. Analysis and visualisation of edge entanglement in
multiplex networks [dissertation]. France : University of
Bordeaux [Internet]. 2013 Dec 18 [cited 2018 Oct 27] : [201
p.]. Available from : http : //renoust.com/pub/Renoust2013-
Thesis-EN.pdf

26�Institute of Electrical and Electronics Engineers Global
Initiative on Ethics of Autonomous and Intelligent Systems.
Ethically aligned design a vision for prioritizing human well -
being with autonomous and intelligent systems version 2
[Internet]. 2018 [cited 2018 Oct 22] ; 1 -263. Available from :
https : //standards.ieee.org/content/dam/ieee-standards/
standards/web/documents/other/ead_v2.pdf

27�Tanioka T, Osaka K, Locsin R, Yasuhara Y, Ito H. Recom-

mended design and direction of development for human-
oid nursing robots perspective from nursing researchers.
Intelligent Control and Automation [Internet]. 2017 May 26
[cited 2018 Jun 25] ; 8 : 96-110. Available from : https : //file.
scirp.org/pdf/ICA_2017052616121905.pdf

28�Hernandez JP. Effect of nurse-led client self-management
support program on adherence to health-promoting behaviors
and blood pressure control among industrial-based workers
with primary hypertension. In : Burns & Grove’s Understanding
Nursing Research, Building an Evidence-Based Practice.
Teresita IB, editor. Singapore : Elsevier/Saunders ; 2013 [cited
2018 Jun 25] ; 293,302-303,410-412 (algorithm, available from :
http : //www.researchgate.net/publication/329216439_Effect_
of_nurse-led_client_self-management_support_program_on_
adherence_ to _health-promoting_ behaviors _ and _ blood _
pressure_control_among_industrial_based_workers_with_
primary_hypertension)

29�Fadhil A. Can a chatbot determine my diet? : addressing
challenges of chatbot application for meal recommendation.
arXiv [Internet]. 2018 Feb 25 [cited 2018 Oct 22] ; 1-6.
Available from : https : //arxiv.org/ftp/arxiv/papers/1802/
1802.09100.pdf

30�Bhagwat VA. (2018). Deep learning for chatbots [master’s
project]. San José StateUniversity Library [Internet]. 2018 [cited
2018 Oct 22] ; 1-55. Available from : https : //scholarworks.
sjsu.edu/cgi/viewcontent.cgi?article=1645&context=etd_
projects

31�Vinyals O, Le QV. A neural conversational model. In : Pro-
ceedings of the 31st International Conference on Machine
Learning ; 2015 ; Lille, France. JMach Learn Res [Internet] ;
2015 Jul 22 [cited 2018 Oct 28] ; 37 : 1 -8. Available from :
https : //arxiv.org/pdf/1506.05869.pdf

32�Oinas-Kukkonen H, Harjumaa M. (2009). Persuasive systems
design : key issues, process model, and system features.
Assoc Inf Syst [Internet]. 2009 Jan 3 [cited 2018 Oct 22] ; 24
(28) : 485-501. Available from : http : //www.few.vu.nl/~
wissen/downloads/seminar/2011_Oinas-kukkonen.pdf

33�Froese T. From second-order cybernetics to enactive cognitive
science : Varela’s turn from epistemology to phenomenology.
Syst Res Behav Sci [Internet]. 2011 August 26 [cited 2018 Oct
28] : [15 p.]. Available from : https : //pdfs.semanticscholar.
org/fc54/7c79c48b30679456a0db0dc7a24b2e11a3eb.pdf?_
ga=2.267549899.455345514.1540314432-
1396875536.1510405322

34�Tielman M, van Meggelen M, Neerincx MA, Brinkman WP.
An ontology-based question system for a virtual coach assisting
in trauma recollection. In : 15th International Conference on
Intelligent Virtual Agents. In : Brinkman WP et al., editors.
Lecture notes in artificial intelligence. Switzerland : Springer
International Publishing [Internet]. 2015 [cited 2018 Oct
6] ; 9238 : 17-27. Available from : https : //www.springer.
com/cda/ content / document / cda _ downloaddocument /
9783319219950-c2.pdf?SGWID=0-0-45-1519976-p177579230

35�Zhang WN, Cui Y, Wang Y, Zhu Q, Li L, Zhou L, Liu T.
Context-sensitive generation of open-domain conversational
responses. In : Proceedings of the 27th International Conference
on Computational Linguistics ; 2018 Aug 20-26 [cited 2018
Oct 28] ; Santa Fe, NewMexico, USA. p. 2437-2447. Available
from : http : //aclweb.org/anthology/C18-1206

36�Zhang WN, Li L, Cao D, L T. Exploring implicit feedback for
open domain conversation generation. In : 32nd AAAI Confer-
ence on Artificial Intelligence ; 2018. Association for the
Advancement of Artificial Intelligence [Internet] ; 2018 Apr 25
[cited 2018 Oct28] ; 547-554. Available from : https : //www.
aaai.org/ocs/index.php/AAAI/AAAI18/paper/view/16493/
15731

The Journal of Medical Investigation Vol. 66 February 2019 29



37�Ilievski V, Musat C, Hossmann A, Baeriswyl M. Goal -oriented
chatbot dialog management bootstrapping with transfer
learning. arXiv [Internet]. 2018 Jul 24 [cited 2018 Nov 1] : [7
p.]. Available from : https : //arxiv.org/pdf/1802.00500v2.pdf

38�Nguyen H,Morales D, Chin T. A neural chatbot with personal-
ity. Stanford University [Internet]. 2017 [cited 2018 Oct28] ;
1 -7. Available from : https : //web.stanford.edu/class/cs224
n/reports/2761115.pdf

39�Zhao T. Learning generative end-to-end dialog systems with
knowledge [dissertation draft]. Carnegie Mellon University,
Pittsburgh, PA [Internet]. 2017 Nov 21 [cited 2018 Oct 29] :
[81 p.]. Available from http : //www.cs.cmu.edu/~tianchez/
data/TianchezPhdProposal.pdf

40�Latent topic conversational models. In : International Confer-
ence on Learning Representations [Internet] ; 2018 [cited
2018 Oct 29] ; 1 -13. Available from : https : //openreview.
net/pdf?id=S1GUgxgCW

41�Tanioka T, Yasuhara Y, Osaka K, Ito H, Locsin R. Nursing
robots robotic technology and human caring for the elderly.
Okayama, Japan : Fukuro ; 2017. p. 1 -259

42�Kar R, Haldar R. Applying chatbots to the internet of things :
opportunities and architectural elements. International Journal
of Advanced Computer Science and Applications [Internet].
2016 Nov [cited 2018 Nov 1] ; 7(11) : 147-154. Available from :
https : //thesai.org/Downloads/Volume7No11/Paper_19-
Applying_Chatbots_to_the_Internet_of_Things.pdf

43�Zhang J, Fang Z, Chen W, Tang J. Diffusion of “Following”
links in microblogging networks. Journal of IEEE Transac-
tions on Knowledge and Data Engineering [Internet]. 2014
Jan [cited 2018 Oct 29] ; 5 : 1-14. Available from : http : //
zhanpengfang.github.io/file/TKDE15-Follow-Influence.pdf

44�Lelarge M. Diffusion and cascading behavior in random
networks. Games and Economic Behavior [Internet]. 2012
July [cited 2018 Oct 29] ; 75(2) : 752-775. Available from :
https : //www.sciencedirect.com/science/article/pii/
S0899825612000498?via%3Dihub

45�Mehdiabadi ME, Rabiee HR, Salehi M. Diffusion-aware sam-
pling and estimation in information diffusion networks. In :
International Conference on Social Computing [Internet].

2012 [cited 2018 Oct 29] : [8 p.]. Available from : http : //web.
engr.illinois.edu/~eslamim2/publications/Eslami-SocialCom12.
pdf

46�Mumby DK. Modernism, postmodernism, and communica-
tion studies : a rereading of an ongoing debate.Communication
Theory [Internet]. 1999 Feb 1 [cited 2018 Nov 1] ; 7(1) : 1 -28.
Available from : https : //www.researchgate.net/publication/
227690897_Modernism_Postmodernism_and_Communication_
Studies_A_Rereading_of_an_Ongoing_Debate

47�Dong H, Hui SC, He Y. Structural analysis of chat messages
for topic detection. Online Information Review [Internet].
2006May2 [cited2018Oct29] ; 1 -33.Available from : https : //
www.clips.uantwerpen.be/~walter/educational/material/
chatMsgAnalysis06.pdf

48�Kobayashi H. Perplexity on reduced corpora. In : Proceedings
of the 52nd Annual Meeting of the Association for Computational
Linguistics ; 2014 Jun 23-25 ; Baltimore, Maryland, USA. Assoc
Comput Linguist [Internet] ; 2014 [cited 2018 Nov 1] ; 1 : 797-
806. Available from : http : //aclweb.org/anthology/P14-1075

49�Varoquaux G. Estimating entropy and mutual information
with scikit - learn. GitHub Gist [Internet]. 2014 Sep 16 [cited
2018 Nov 1]. Available from : https : //gist.github.com/
GaelVaroquaux/ead9898bd3c973c40429/revisions

50�Meteer MM. Perplexity and smoothing. In : CS 136 Lec-
ture 11 Language Modeling ; Brandeis University, Waltham,
Massachusetts, USA [Internet]. 2018 Oct 12 [cited 2018
Nov 1] : [45 p.]. Available from : http : //www.cs.brandeis.
edu/~cs136a/CS136a_Slides/CS136a_Lect11_Perplexity
AndSmoothing.pdf

51�Erasmus E, Rothmann S, van Eeden C. (2015). A structural
model of technology acceptance. SA Journal of Industrial
Psychology [Internet], 2015 Apr 14 [cited 29 Oct 2018] ; 41
(1) : 1 -12. Available from : https : //sajip.co.za/index.php/
sajip/article/view/1222

52�Radziwill N, Benton M. Evaluating quality of chatbots and
intelligent conversational agents. Computing Research Re-
pository [Internet]. 2017 Apr 15 [cited 2018 Oct 30] : [21 p.].
Available from : https : //arxiv.org/ftp/arxiv/papers/1704/
1704.04579.pdf

30 J. P. Hernandez Nurse Chatbot for CDSMS




