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Abstract:

Human-Robot Interaction (HRI) has become an essential area that combines Al, robotics, affective computing, and
healthcare technologies. This study considers the application of artificial intelligence (AI) in managing emotional
connections, multisensory interaction, and psychological support in robot-led pregnancy systems. This article
focuses on emotional recognition systems, multisensory communication, biosensors, adaptive robotics, ethical
questions, social acceptance issues, and future advancements in maternal healthcare robotics. There is existing
evidence suggesting that the use of emotionally intelligent robot systems may help improve maternal mental state,
minimize the negative effects of stress and anxiety, increase engagement in healthcare processes, and give
individualized assistance during pregnancy. Machine learning (ML) techniques, natural language processing,
affective computing, and physiological sensors play a major role in enhancing the emotional intelligence of robotic
healthcare technologies. At the same time, there are some difficulties related to the authenticity of emotions, privacy
issues, emotional dependence, biased algorithms, and other ethical concerns that restrict their application. Overall,
robot-led pregnancy systems demonstrate great potential as maternal healthcare technology solutions.
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1. INTRODUCTION
The fast pace development in the field of Al and robotics has greatly impacted both modern
healthcare and assistance services'. One such field that has attracted researchers is the study of
interactions between humans and intelligent robotic agents®. This field known as HRI, with the
advances made in machine learning, affective computing, and social robotics, can help design
robots that can be used in emotionally sensitive fields such as healthcare, physical rehabilitation,
geriatric assistance, and psychotherapy?.
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Out of several other possible fields within HRI, there exists a futuristic research topic where
robots can be designed for use in pregnancy support services based on emotion assistance,
monitoring, and sensing interactions during pregnancy®. Researchers have attempted to create
Al-assisted robots that can provide emotional support, manage stress and anxiety, give
healthcare advice, and monitor a pregnant woman's health conditions at all times®.
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Figure 1: Conceptual Framework of Human-Robot Interaction in Emotionally Intelligent
Healthcare Systems

1.1 Background and Context

HRI refers to the interaction between humans and intelligent robotic agents®. Advances made in
Al, ML, affective computing, and social robotics have facilitated the development of intelligent
robots that are capable of emotionally engaging and interacting socially with people’. In
healthcare, there have been efforts to adopt these advances in maternal care settings with regard
to the promotion of emotional well-being, healthcare monitoring, and personal assistance for
mothers during their pregnancies®. Robot-based pregnancy systems employ technologies such as
conversational Al, wearables, emotion recognition technology, and prediction technologies in
generating healthcare experiences that are emotionally sensitive’. Emotional interactions with
robot-based systems have gained interest among researchers due to their application in maternal
health!',

1.2 Objectives of the Review
The primary objectives of this study are:

1. To study the involvement of HRI in pregnancy systems led by robots.

2. To explore the ways Al handles emotional bonding and sensorial interaction in the
context of pregnancy-related healthcare assistance.

3. To conduct a comprehensive review of previous works on emotional Al, affective
computing, robotics for maternal healthcare, and socially assistive robots.

4. To critically assess the approaches, results, merits, and shortcomings of HRI research
studies in maternal healthcare scenarios.
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5. To discuss the ethical, psychological, technological, and societal implications of Al-
driven pregnancy support systems.

6. To suggest directions for future research in emotionally intelligent robotic care systems.

1.3 Importance of the Topic

Integrating Al and robotics into maternity care is an innovative step towards enhancing the
modern healthcare systems'!. Pregnancy requires a high level of emotional well-being, as it is
associated with stress and anxiety. Emotionally intelligent robots have potential applications in
offering emotional support, providing health care, communicating with patients, and caring for
the mother during pregnancy'?. Emotionally intelligent robots might benefit the mother from the
perspectives of emotional wellness, health care access, and pregnancy care management'?.
Nonetheless, emotionally intelligent robots raise significant ethical issues concerning emotional
attachment, privacy, trust, and authenticity'#. Hence, research on emotional bonding and sensory
interaction in robot-mediated pregnancy care systems is critical'”.

2. EMOTIONAL INTELLIGENCE AND BONDING IN ROBOT-LED
PREGNANCY

The adoption of Al technology in HRI has led to a marked improvement in the emotional and
psychological capacity of robotics applications in the health care sector'®. For instance, in robot-
assisted prenatal health care systems, emotional intelligence and bonding contribute immensely
to enhancing maternal mental well-being, emotional assurance, and individualized interaction in
health care!’. Emotional recognition technologies and systems are now increasingly incorporated
in intelligent robotics to facilitate empathy-based communication and offer psychological
support for pregnant women'®.

2.1 AI-Driven Emotional Recognition Systems

Al-based emotion detection mechanisms have been found to be important for the use of robots in
pregnancy environments in that these mechanisms identify the emotional state, stress level,
anxiety level, and behavioral pattern of those who are expecting babies. This technology is able
to use ML techniques, facial expressions, speech recognition, physiological parameters, and
Natural Language Processing (NLP). Scientists have managed to create an affective computing
framework that has the capability to recognize voice modulation, eye movements, emotional
speech, and heart rate variability'°.
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Figure 2: Al-Based Emotional Recognition and Speech Interaction Framework in Human-Robot
Interaction Systems
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Some of the major technologies often utilized for recognizing emotions are’:

e ML algorithms

o Facial expression analysis

e Speech and voice recognition

o Physiological monitoring

o Natural Language Processing (NLP)
e Affective computing frameworks

A number of researches also reveal that emotionally intelligent robots can promote more
effective emotional communication and psychological well-being in pregnant women?'.
Emotionally intelligent conversational robots help provide the user with comfort, mindfulness
activities, healthcare tips, and emotional exchanges. According to the experiment results, people
who communicate with such empathic robots usually feel less anxious and more emotionally
comfortable??.

However, despite these achievements, existing emotionally intelligent robots have some
shortcomings associated with their capability to recognize the complexity of people's emotions®.
The process of interpreting the emotions might be affected by culture, psychological factors,
social context, or specific emotional circumstances*.

2.2 Emotional Bonding Between Humans and Robots
Emotional bonding between Human and Robot in HRI means creating trust, attachment,
emotional safety, and psychological involvement between humans and robotic technologies.
Emotional bonding becomes an essential factor in robot-mediated pregnancy care support
systems since emotional wellness is linked directly to pregnancy health outcomes?’.

The literature in social robotics indicates that physical embodiment helps create better
attachment to the robots than in virtual embodiment. During their interactions with emotionally
intelligent robots, pregnant women often treat such robots as companions providing emotional
engagement without any judgment®®. The robots with advanced conversation capabilities,
memory-enabled interaction, and personalized conversation style encourage increased trust and
emotional engagement. Findings in the studies imply that emotionally engaging robots can
increase psychological assurance, emotional stability, healthcare utilization, and conversational
safety during pregnancy healthcare assistance?’.

There are various technological and behavioral characteristics contributing to emotional bonding
between humans and robots:

o Adaptive Dialogue Systems: These robots utilize advanced conversational models based
on emotional status, preferences, and reactions of the user. The purpose of such models is
to facilitate more comfortable and personalized conversations while supporting a
pregnant woman.
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e Personalized Communication: Robotic systems that can memorize user preferences,
emotional states, health care practices, and behavioral patterns offer extremely
personalized interactions. Personalized communications build confidence, which enables
users to feel emotionally understood and supported.

e Memory-Based Interaction: The advanced Al system can remember past conversations
and emotional interactions, thereby allowing for continuity in conversation. It is possible
that the feeling of familiarity and companionship may enhance emotional bonding.

e Continuous Emotional Support: In contrast to conventional healthcare communication,
emotionally intelligent robots offer continuous emotional support and healthcare advice.
The continuity of care decreases the sense of loneliness, anxiety, and emotional isolation
among pregnant women.

o Human-Like Conversational Behavior: The combination of NLP, emotional voice
control, expression mimicking, and social responsiveness helps robots to communicate in
a way that is closer to being human. This type of communication usually brings about
emotional reassurance and psychological comfort.

2.3 Psychological Impacts of Robotic Emotional Support

The psychological effects of emotion-focused robots have also been considered an interesting
topic for scientific research within maternal care. Women in pregnancy usually experience
stress, anxiety, emotional sensitivity, and other psychological issues. Robots designed to provide
emotional support may be able to alleviate the psychological load through constant
communication, individualized care, and emotional support®®. Research has found that emotion-
focused robots are useful for the psychological well-being of mothers because they reduce
feelings of loneliness, enable emotional expression, promote relaxation techniques, encourage
healthcare activities, and assist medical practitioners in monitoring emotions. Al-based emotion
monitoring systems may also help detect early stages of depression and anxiety disorders.

The main psychological advantages highlighted in current research are:

e Lessen Loneliness: Constant company and empathy in interactions lessen loneliness.
e Emotional Comfort: Personalized communication fosters an atmosphere that induces
peace of mind.
e Improved Stress Management: Robots promote activities such as relaxation and
counseling.
e Healthcare Activities Participation Increased: Personalized prompts lead to increased
participation in prenatal healthcare activities.
e Emotional Reassurance Improved: Conversations involving empathy and positive
reinforcement minimize fear and anxiety.
Though there are many positive aspects of such robots, their overuse can cause dependence on
emotions, less communication between people, and even social isolation”. Moreover, the
psychological consequences of emotional connection with robots have not been studied enough
yet.
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3. SENSORY INTERACTION AND TECHNOLOGICAL FRAMEWORKS

The interaction of sensors and technology-based intelligent framework is crucial in enhancing
emotional interactions and healthcare effectiveness within robot-based pregnancy care. The
current HRI paradigm focuses on emotionally interactive environments involving sensory
interaction, physiological data collection, adaptive learning, and interaction techniques. In the
context of maternal healthcare, technology is used not only to monitor patients but also to create
a comforting and emotionally supportive environment. This section explains multisensory
interaction, biosensors, and adaptive robotics in emotionally intelligent pregnancy care systems.

3.1 Multisensory Communication in HRI Systems

Sensory interaction plays a vital role in HRI owing to the fact that the exchange of emotions is
frequently dependent on the sensation of touch, voice, visual perception, and adaptability to the
environment’!. Multi-sensory communication systems have been utilized by robot-based
pregnancy assistance programs by deploying technologies including haptics, speech, gesture
recognition, thermal response, and vision-based systems>!. Several research studies indicate that
physical interactions and soothing sound communication can effectively boost emotional
comfort during stressful pre-natal situations.

Robotic systems that enable emotional interaction through touch and communication are usually
considered more comforting than text-based virtual assistants. The modern multi-sensory HRI
systems ensure real-time emotional interaction, individualized sensory interactions, natural
human-like communication, and sensitivity towards emotions. These systems are based on the
coordination of sensory channels that enable the provision of more natural and emotionally
supportive medical environments.

Table 1: Major Sensory Technologies Used in Robot-Led Pregnancy Systems

Technology Primary Function Contribution to Emotional
Support

Haptic Feedback | Simulate physical touch and | Improves emotional reassurance

Systems vibration and comfort

Speech Synthesis Human-like verbal communication | Enhances emotional interaction
and trust

Gesture Recognition Detects body movement and | Supports adaptive emotional

behavior responses

Thermal Feedback | Simulates warmth and calming | Reduces stress and anxiety

Systems sensations

Visual Interaction | Facial expressions and visual | Strengthens emotional

Interfaces communication engagement

However, it is still difficult to replicate the interaction between humans and their senses
accurately. The way humans perceive emotions varies from person to person, and too much
sensory stimulation may hinder user comfort in some instances??.
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3.2 Wearable Biosensors and Real-Time Monitoring

Wearable biosensors have become commonplace in robot-assisted pregnancy support systems to
monitor physiological factors continuously and manage individual healthcare. The wearable
biosensors measure various physiological parameters like heart rate, blood pressure, oxygen
level, sleep, body temperature, glucose level, and stress. Al-based robot-assisted pregnancy
support systems monitor this data in real time to identify any anomalies, forecast emotions, and
communicate accordingly based on the health conditions of the mother. Real-time monitoring
enhances healthcare response and enables preventive healthcare measures while decreasing the
frequency of visiting hospitals.

Some of the key uses of wearable biosensors in robot-assisted pregnancy support systems are:

e Continuous maternal health tracking

e Detection of emotional stress

e Monitoring of sleep patterns

e Prenatal risk prediction

e Customized healthcare advice
Integration of biosensors into Al-driven cloud technology enhances the power of prediction in
the medical field by recognizing physiological trends and predicting potential problems before
they arise®’. These predictive technologies may help provide timely interventions and improved
maternal healthcare outcomes.
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Figure 3: Al-Integrated Physiological Monitoring and Feedback System for Smart Pregnancy
Care

Nevertheless, issues such as data protection, cyber security, sensor reliability, and ethics in
dealing with medical information continue to pose significant hurdles. Overreliance on
automated health monitoring devices might also lead to reduced interaction between healthcare
providers and patients.

3.3 Adaptive and Human-Centered Robotic Design
In this context, human-centered robotic design is defined by emotionally sensitive devices that
emphasize comfort, empathy, trust, and individualization. Robot-pregnancy interaction systems
incorporate adaptive interaction methods that allow robots to adapt to users' needs, emotional
responses, and communication methods. Current pregnancy-related robotic devices employ ML
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and contextual Al to adapt their interactions to healthcare needs and emotional states. Effective
communication can be beneficial for emotional comfort, individual care, and even for
recognizing emotional distress at its early stages.

Adaptive robotic systems continue developing interaction and caring skills depending on the
interaction history of the device, which results in a supportive and healthcare environment. The
primary tasks of human-centered robotic design include enhancing emotional comfort,
interaction, and care provided by robots as well as ensuring ethical interaction of healthcare Al
devices. Moreover, XAl becomes increasingly relevant to enhance accountability of decisions
made in healthcare systems. Yet, some issues, such as emotional profiling, surveillance, bias,
and excessive personalization should not be overlooked?*.

4. ETHICAL, SOCIAL, AND FUTURE PERSPECTIVES

The inclusion of emotionally intelligent robots in maternal healthcare does not only involve the
evolution of new technology but also comes with other social, ethical, and futuristic aspects.
While pregnancy technologies powered by Al can offer better opportunities for enhancing
emotional care, increasing access to healthcare services, and customized assistance, the
following issues are of great concern: privacy, emotional dependency, trust, social acceptability,
and ethical usage of Al It is crucial to comprehend the importance of such factors for the safe
creation of robot-based pregnancy technologies that will be beneficial for all users involved.

4.1 Ethical Challenges in Robot-Led Pregnancy Systems

The introduction of emotionally intelligent robots in maternal healthcare involves several ethical
considerations regarding privacy, emotional exploitation, transparency, responsibility, and
informed consent. The robot-controlled pregnancy systems gather critical physiological,
emotional, and behavioral information, posing significant problems regarding the unauthorized
use of such information. Another ethical concern that arises from such innovations is that
emotionally vulnerable people might develop undue reliance on such machines for emotional
support.

Some of the ethical issues arising from robot-controlled pregnancy systems include:

e Privacy and Data Security: Constant data generation is associated with an increased risk
of data breaches and abuse of health care information.
¢ Emotional Dependency: Over-reliance on robots may affect human socialization.
e Transparency: Al algorithms may be too complex for end-users.
e Accountability and Responsibility: Establishing accountability for errors made by the
system is a critical issue.
e Bias in Algorithm: Lack of training data may lead to bias in emotional or health care
responses.
Such issues underscore the necessity of ethical governance structures and regulations concerning
Al in maternal healthcare settings.

4.2 Social Acceptance and Cultural Perspectives
Different societies perceive robot healthcare systems differently depending on culture,
demographics, and health care environments. While some people see emotions in robots as a

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May -2026 | pp. 257-270

J. Pharm. Res. Integr. Med. Sci. https://aktpublication.com/index.php/jprims/index

264



Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)

J. Pharm. Res. Integr. Med. Sci.

ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-257-270

Srivastay et. al.

sign of support for their healthcare providers, others consider robotic caregiving as being
emotionally inhuman and socially unacceptable’. The cultural attitudes towards conception,
caring, emotional intimacy, and technology use determine how acceptable society finds robotics-
led maternal health care systems. Researchers indicate that the more culturally appropriate and
sociable robots become in communicating, the more likely people will develop trust in them.

Similarly, emotional design, communication, and sociability of robotic systems affect consumer
attitudes positively, leading to better interactions between consumers and such technologies.
Socioeconomic issues also affect the use of robots since sophisticated robotic systems in
maternal health care may be out of reach of poor societies. Awareness, digital literacy, and trust
in Al-powered maternal health care systems will be key to determining the future social
acceptance of robots.

4.3 Emerging Trends and Future Technological Developments

The future prospects of pregnancy by robot systems depend on advances in Al, affective
computing, cloud health care systems, and predictive analytics. New technologies like Virtual
Reality (VR), Augmented Reality (AR), neuro-symbolic Al, and digital twins have the potential
to enhance emotional interactions and health care services. In the future, the robot systems may
be capable of providing enhanced contextual awareness, multi-modal emotion sensing,
predictive healthcare analytics, and culturally sensitive interaction processes. Collaboration
between robots and healthcare providers for caregiving purposes is also gaining attention among
researchers.

In the coming years, there will be increased attention on XAlI, ethical governance frameworks,
and emotionally open systems for promoting responsible use of maternal health care robots.
Future research should concentrate on creating safer, more adaptive, and emotionally intelligent
robot systems for addressing the psychological well-being and healthcare issues of expectant
mothers.

Table 2: Summary of Selected Literature on Human-Robot Interaction and Emotional Al

Author(s) & | Study Focus Major Findings Relevance to Present

Year Study

Xie & Pentina | Attachment Users develop emotional | Supports emotional

(2022)% theory and social | attachment and trust toward | bonding in  robot-led
chatbots Al chatbots pregnancy systems

You & Robert | Human-robot Effective HRI depends on | Relevant to emotionally

(2018)*7 teamwork communication, trust, and | adaptive maternal
framework adaptive interaction healthcare robots

Zachariae et | HRI in hospital | Interactive robots improve | Supports robotic

al. (2024)® transport systems | healthcare =~ communication | healthcare applications in

and user acceptance maternal care
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Zafrani & | Holistic HRI | Emotional and social factors | Relevant to emotional
Nimrod approach influence robot acceptance support and social
(2019)* acceptance in pregnancy
robotics

Zolyomi & | Social-emotional- | Multisensory interaction | Supports sensory
Snyder sensory design improves  emotional Al | interaction in robot-led
(2021)% experiences pregnancy systems

5. DISCUSSION

Advances in the fields of Al, Affective Computing, and HRI have opened up opportunities for
emotionally intelligent robotics in maternity settings. The above-discussed literature suggests
that robots can play a crucial role in providing emotional comfort, healthcare assistance, and
monitoring during pregnancy periods. On the other hand, these advancements have raised some
significant issues concerning emotional authenticity, ethics, social acceptability, and possible
psychological consequences of using robots in maternity services. In this regard, the current
section examines key findings, implications, limitations, and further research directions in
relation to emotionally intelligent robots in maternal healthcare.

5.1 Interpretation and Analysis of Findings
From the literature review, it is evident that HRI technology holds immense promise in
improving maternal healthcare by leveraging emotionally intelligent and sensory-based robotic
solutions. Al-enabled robots are becoming more efficient in detecting emotional states, altering
their communication modes, and offering customized emotional interventions for expectant
mothers. According to the research evidence, emotionally adaptive robots could contribute
towards alleviating maternal stress, anxiety, and emotional loneliness using multi-sensory
interaction processes involving voice communications, tactile stimulation, and physiological
measurements. Nevertheless, existing robotic interventions are limited in their ability to replicate
genuine human empathy and emotional intelligence due to the fact that emotional reactions
produced by Al models are artificially engineered.

5.2 Implications and Significance

The introduction of emotionally intelligent robots in the field of maternal care is significant not
only in terms of health systems but also in relation to caregiving environments of the future. Al-
powered robots could be used to increase access to healthcare, help emotionally fragile patients,
decrease stress levels among medical professionals, and even monitor the health of fetuses
before their birth. These systems may prove especially useful in those parts of the world where
there is a lack of healthcare infrastructure and emotional support services. Moreover, the
increasing use of emotionally intelligent robots raises general questions about the nature of
human-machine emotional relations.

5.3 Research Gaps and Limitations
While previous research suggests promising results, there are various areas where further
improvements and clarifications can be made regarding the existing literature on the subject
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matter. In many instances, research conducted so far is limited by relatively small sample sizes
and a lack of longitudinal studies, as well as the use of artificial conditions in laboratories rather
than real-life environments. Finally, while much has been achieved in developing Al
technologies, there are still many challenges, particularly when it comes to emotional
interactions and their ethical aspects.

5.4 Future Research Directions

The future direction of research in this topic should involve the creation of ethically consistent,
emotionally expressive, and person-centered robotic systems for the use in maternal healthcare
settings. Scientists must advance their capabilities in terms of emotional intelligence in context,
multimodal sensing of emotions, predictive healthcare analytics, and culturally sensitive modes
of communication. It is imperative that long-term clinical trials be conducted to assess the
psychological, emotional, and healthcare outcomes of robot-led pregnancy systems. Key future
research areas should focus on Explainable Al for emotional healthcare robots, mitigating biases
in Al, securing maternal healthcare data, neuromodels of emotion interaction, telemedicine
platforms, and ethical frameworks for EI systems.

6. CONCLUSION

HRI in robot-pregnancy systems is a combination of Al, emotion intelligence and healthcare of
the mother. Emotionally intelligent robots can help improve the health of pregnant mothers by
providing emotional support, stress relief, personal interaction and monitoring. The use of
affective computing, ML, biosensors, and NLP will help to develop robotic healthcare systems.
Emotional intelligence in robotics still faces some problems such as emotional sincerity, issues
relating to privacy and ethical issues, psychological dependence, and acceptability of society.
Hence, such systems should only complement human care rather than replacing it.

REFERENCES

1. Abdelnaby, W. (2025). An embodied cognition approach to Al adoption in hospitality:
Integrating sensorial perception, emotional activation, and behavioral outcomes. Journal
of Association of Arab Universities for Tourism and Hospitality, 28(2), 231-255.

2. Admoni, H., & Scassellati, B. (2017). Social eye gaze in human-robot interaction: a
review. Journal of Human-Robot Interaction, 6(1), 25-63.

3. Ahmad, M. 1., Mubin, O., & Orlando, J. (2017). A systematic review of adaptivity in
human-robot interaction. Multimodal Technologies and Interaction, 1(3), 14.

4. Arnold, T., & Scheutz, M. (2017). The tactile ethics of soft robotics: Designing wisely
for human-robot interaction. Soft robotics, 4(2), 81-87.

5. Canbul Yaroglu, A. (2025). Organizational reflections of the relationship between
artificial intelligence and emotional mtelligence in the context of phenomenology and
Cartesian dualism. International Journal of Organizational Analysis, 33(10), 3878-3895.

6. Coronado, E., Itadera, S., & Ramirez-Alpizar, I. G. (2023). Integrating virtual, mixed,
and augmented reality to human—robot interaction applications using game engines: A
brief review of accessible software tools and frameworks. Applied Sciences, 13(3), 1292.

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May -2026 | pp. 257-270

J. Pharm. Res. Integr. Med. Sci. https://aktpublication.com/index.php/jprims/index

267



Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)

ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-257-270

J. Pharm. Res. Integr. Med. Sci. Srivastav et. al.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Das, D., Rashed, M. G., Kobayashi, Y., & Kuno, Y. (2015). Supporting human-robot
interaction based on the level of visual focus of attention. IEEE Transactions on Human-
Machine Systems, 45(6), 664-675.

Fox, J., & Gambino, A. (2021). Relationship development with humanoid social robots:
Applying interpersonal theories to human-robot interaction. Cyberpsychology, Behavior,
and Social Networking, 24(5), 294-299.

Gehle, R., Pitsch, K., Dankert, T., & Wrede, S. (2017, March). How to open an
interaction between robot and museum visitor? Strategies to establish a focused
encounter in HRI. In Proceedings of the 2017 ACM/IEEE international conference on
human-robot interaction (pp. 187-195).

Gervasi, R., Mastrogiacomo, L., & Franceschini, F. (2020). A conceptual framework to
evaluate human-robot collaboration. The International Journal of Advanced
Manufacturing Technology, 108(3), 841-865.

Hambuchen, K., Marquez, J., & Fong, T. (2021). A review of NASA human-robot
interaction in space. Current Robotics Reports, 2(3), 265-272.

Hao, R., & Li, C. (2025). How AI chatbots shape satisfactory experiences: A combined
perspective of competence expansion and emotional extension. Technological
Forecasting and Social Change, 212, 123979.

Hoffman, G. (2019). Evaluating fluency in human-robot collaboration. [IEEE
Transactions on Human-Machine Systems, 49(3), 209-218.

Huang, L., Picart, J., & Gillan, D. (2020). Toward a generalized model of human
emotional attachment. Theoretical Issues in Ergonomics Science, 22(2), 178-199.

Irfan, B., Ramachandran, A., Spaulding, S., Glas, D. F., Leite, 1., & Koay, K. L. (2019,
March). Personalization in long-term human-robot interaction. In 2019 14th ACM/IEEE
International Conference on Human-Robot Interaction (HRI) (pp. 685-686). IEEE.
Jahanmahin, R., Masoud, S., Rickli, J., & Djuric, A. (2022). Human-robot interactions in
manufacturing: A survey of human behavior modeling. Robotics and Computer-
Integrated Manufacturing, 78, 102404.

Jost, C., Le Pévédic, B., Belpaeme, T., Bethel, C., Chrysostomou, D., Crook, N, ... &
Mirnig, N. (2020). Human-robot interaction. Cham: Springer International Publishing.
Kim, S. (2022). Working with robots: human resource development considerations in
human-robot interaction. Human Resource Development Review, 21(1), 48-74.

Krueger, F., Mitchell, K. C., Deshpande, G., & Katz, J. S. (2021). Human—dog
relationships as a working framework for exploring human-robot attachment: a
multidisciplinary review. Animal Cognition, 24(2), 371-385.

Law, T., Chita-Tegmark, M., Rabb, N., & Scheutz, M. (2022). Examining attachment to
robots: benefits, challenges, and alternatives. ACM Transactions on Human-Robot
Interaction (THRI), 11(4), 1-18.

Mi, J., Tang, S., Deng, Z., Goerner, M., & Zhang, J. (2019). Object affordance based
multimodal fusion for natural human-robot interaction. Cognitive Systems Research, 54,
128-137.

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May -2026 | pp. 257-270

J. Pharm. Res. Integr. Med. Sci. https://aktpublication.com/index.php/jprims/index

268



Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-257-270

J. Pharm. Res. Integr. Med. Sci. Srivastav et. al.

22. Mitchell, J. J., & Jeon, M. (2025). Exploring emotional connections: A systematic
literature review of attachment in human-robot interaction. International Journal of
Human—Computer Interaction, 41(18), 11753-11774.

23. Moniri, M. M., Valcarcel, F. A. E., Merkel, D., & Sonntag, D. (2016, September).
Human gaze and focus-of-attention in dual reality human-robot collaboration. In 2016
12th International Conference on Intelligent Environments (IE) (pp. 238-241). IEEE.

24. Onnasch, L., & Roesler, E. (2021). A taxonomy to structure and analyze human-robot
interaction. International Journal of Social Robotics, 13(4), 833-849.

25. Ostrowski, A. K., Walker, R., Das, M., Yang, M., Breazea, C., Park, H. W., & Verma, A.
(2022, August). Ethics, equity, & justice in human-robot interaction: A review and future
directions. In 2022 31st IEEE international conference on robot and human interactive
communication (RO-MAN) (pp. 969-976). IEEE.

26. Prati, E., Peruzzini, M., Pellicciari, M., & Raffaeli, R. (2021). How to include User
eXperience in the design of Human-Robot Interaction. Robotics and Computer-
Integrated Manufacturing, 68, 102072.

27. Rabb, N., Law, T., Chita-Tegmark, M., & Scheutz, M. (2022). An attachment framework
for human-robot interaction. International journal of social robotics, 14(2), 539-559.

28. Robert, L. (2018). Personality in the human robot interaction literature: A review and
brief critique.

29. Sheridan, T. B. (2016). Human-robot interaction: status and challenges. Human
factors, 58(4), 525-532.

30. Subramanian, K., Thomas, L., Sahin, M., & Sahin, F. (2024). Supporting human-robot
interaction in manufacturing with augmented reality and effective human—computer
interaction: A review and framework. Machines, 12(10), 706.

31. Thomaz, A., Hoffman, G., & Cakmak, M. (2016). Computational human-robot
interaction. Foundations and Trends® in Robotics, 4(2-3), 105-223.

32. Tsarouchi, P., Makris, S., & Chryssolouris, G. (2016). Human—robot interaction review
and challenges on task planning and programming. International Journal of Computer
Integrated Manufacturing, 29(8), 916-931.

33. Vasconez, J. P., Kantor, G. A., & Cheein, F. A. A. (2019). Human-robot interaction in
agriculture: A survey and current challenges. Biosystems engineering, 179, 35-48.

34. Wagner, A. R., Robinette, P., & Howard, A. (2018). Modeling the human-robot trust
phenomenon: A conceptual framework based on risk. ACM Transactions on Interactive
Intelligent Systems (TiiS), 8(4), 1-24.

35. Wang, T., Zheng, P., Li, S., & Wang, L. (2024). Multimodal human-robot interaction for
human-centric smart manufacturing: a survey. Advanced Intelligent Systems, 6(3),
2300359.

36. Xie, T., & Pentina, I. (2022). Attachment theory as a framework to understand
relationships with social chatbots: a case study of Replika.

37.You, S., & Robert, L. (2018). Teaming up with robots: An IMOI (inputs-mediators-
outputs-inputs) framework of human-robot teamwork. You, S. and Robert, LP (2017).
Teaming Up with Robots: An IMOI (Inputs-Mediators-Outputs-Inputs) Framework of
Human-Robot Teamwork, International Journal of Robotic Engineering,(IJRE), 2(3).

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May -2026 | pp. 257-270

J. Pharm. Res. Integr. Med. Sci. https://aktpublication.com/index.php/jprims/index

269



Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May-2026 | pp.-257-270

J. Pharm. Res. Integr. Med. Sci. Srivastav et. al.

38. Zachariae, A., Plahl, F., Tang, Y., Mamaeyv, I., Hein, B., & Wurll, C. (2024). Human-
robot interactions in autonomous hospital transports. Robotics and Autonomous
Systems, 179, 104755.

39. Zafrani, O., & Nimrod, G. (2019). Towards a holistic approach to studying human—robot
interaction in later life. The Gerontologist, 59(1), €26-¢36.

40. Zolyomi, A., & Snyder, J. (2021). Social-emotional-sensory design map for affective
computing informed by neurodivergent experiences. Proceedings of the ACM on
Human-Computer Interaction, 5(CSCW1), 1-37.

Journal of Pharmaceutical Research and Integrated Medical Sciences (JPRIMS)
ISSN: 3049-1681 | Vol. 03, Issue-05, May -2026 | pp. 257-270

J. Pharm. Res. Integr. Med. Sci. https://aktpublication.com/index.php/jprims/index

270





