
Contextual Constraints for the Design of 
Patient-Centered Health IT Tools 

Michael J. GONZALESa1, Maria Francesca O’CONNORa, and Laurel D. RIEKa

aUniversity of Notre Dame, Notre Dame, IN., United States 

Abstract. Technologists are constantly working to improve clinical practice by 
developing new health information technology (Health IT) tools, yet may not 
always consider the context of how these tools may be used. Patient preferences 
can vary widely as a result of demographics, health conditions, physical limitations, 
and personal inclinations, with healthcare providers having to adapt clinical 
encounters to better suit patient needs. Health IT tools, too, need to be agile across 
different healthcare contexts, with each stakeholder’s specific needs in mind. In 
this paper, we discuss the challenges and limitations associated with the design and 
automation of contextually sensitive devices in the healthcare environment. We 
target the various contexts in which health information is presented in patient-
provider encounters, and discuss contextual constraints that may apply to the 
aforementioned situations. In addition, we present a number of suggestions for 
informational constraints and the design of informational tools in these settings so 
that patient and provider informational needs can be better met in clinical 
communication contexts. 
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Introduction 

Healthcare is a complex, multifaceted subject that is difficult to design for considering 
the variety of situational contexts and environments that occur [1, 2]. Patients, 
providers, and caregiver stakeholders have a unique set of needs that can vary 
considerably across different types healthcare environments (outpatient exam rooms, 
emergency departments, hospital settings, etc.). When designing informational tools to 
supplement current clinical practices, technologists need to factor in the contextual use 
of their tools based on the needs and environment of each respective stakeholder [3–8]. 
For example, some patients in face-to-face clinical encounters may require more in-
depth information regarding an illness that others in a similar situation would prefer not 
to have at the time [9-11]. Furthermore, clinicians in these settings may need flexibility 
to customize information to the needs of each patient, and also face considerable 
limitations on their time that can adversely affect how they use such tools. 

When designing Health IT tools for clinical encounters, designers must provide the 
ability to constrain information based on the aforementioned challenges. There is great 
variability across patients in terms of how comfortable they are in hearing and seeing 
personal health information which is emotionally evocative in nature [12, 13].  
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Information presented in clinical discussions between clinicians and patients is 
often sensitive. As a result, some of this information may need to be presented under 
privacy constraints to prevent exposure of personal data. These considerations can 
affect the design or platform of decision-making tools for clinical discussion settings. 
For example, patients might want visual imagery or details of their illness and its 
effects constrained when speaking with healthcare providers, and instead focus on 
treatment effects on their daily life. 

All of these issues require the use of contextual information to resolve. However, 
context is a large and multifaceted concept with many competing definitions in various 
fields, many of which are too general to immediately implement in a computer system 
(e.g: Dey defines context as "Context is any information that can be used to 
characterize the situation of an entity" [14]). For the area of context-sensitive 
healthcare, we focus on analysis of the physical environment and patient preferences 
rather than developing contextual frames/narratives or using linguistic context. 

Environmental constraints also play a role into the development of tools in the 
clinical discussion space. Exam rooms may have limited physical space, and tools may 
not always fit or be useful depending on the context of a discussion [4]. For example, 
in cancer discussion settings, patients typically receive and interpret information while 
sitting on an examination table. Similarly, hospitals and emergency environments may 
have very different requirements and environmental constraints such as direct access to 
patient health records for nurses and fast access to information in critical situations     
[1, 15]. Healthcare providers in these settings need agile and flexible platforms to 
accommodate critical situations and improve healthcare delivery. 

Even tools developed for specific purposes or environments can have contextual 
complexities. For example, in our ongoing work regarding improving cancer 
discussions [9-11] patients prefer having information that is more personalized. Data 
personalization itself is a difficult concept, since tools such as electronic health records 
(EHRs) are relatively unstandardized and may vary by location [16]. While designers 
might intend to develop tools that can be generalized to meet the needs of a variety of 
stakeholders, most commercially available tools often fail to address the complexities 
that arise from patients’ needs and environmental constraints [17]. 

1. Background 

Identifying context in health situations is of particular interest to the human-computer 
interaction (HCI) community. A survey of literature found that despite researchers’ 
efforts, there is little consensus on how to model and design for a given context in 
healthcare, let alone context-aware applications [1]. Issues resulting from patient 
misunderstandings in clinical communication, such as those in cancer discussions     
[12, 13, 18], exam room complications [4], emergency situations [15], and hospital 
settings [19, 20] have all been targeted by the HCI community with the interest of 
improving healthcare outcomes. While these efforts show positive change in improving 
healthcare settings, current technology is not suited to patient engagement, and may 
complicate face-to-face communication [21]. 

A number of applications have been developed to augment clinical discussions 
between patients and healthcare providers. Klasnja et al. focused on the informational 
management of cancer patients to meet discussion needs with doctors during routine 
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follow-ups [22, 23]. They found that providing patients with tools to prepare for 
clinical sessions benefited patient understanding and efficacy during their discussions.  

Other researchers have assessed the implications of hospital and emergency 
contexts, and how these affect the design of tools for more patient-centered care [15], 
[19, 20]. One example, designed by Ni and Karlson, utilized projectable images to help 
doctors describe complications in limbs and joints to patients undergoing physical 
rehabilitation [24]. These visualizations facilitated patients’ conceptualization of their 
condition while remaining generalizable across different physical conditions. 

Researchers are now also looking at the technological complexities due to the 
incorporation of contextual awareness, particularly when signal processing (of video, 
audio, etc.) is required to provide a degree of automation [25]. Typically this work falls 
within the area of social signal processing, which inherits challenges pervasive 
throughout signal processing and social science. 

One aspect of context sensitive interfaces which requires computer vision is the 
ability to sense the environment. It has been shown in literature from psychology, 
neuroscience and anthropology that the environment in which an action takes place 
affects its expression [26-28]. However, adapting to such constraints automatically 
requires at least a partial solution to the computer vision problems of scene 
understanding and object recognition [29, 30]. These are considered huge problems in 
computer vision and the complexities of noisy real world data from medical 
environments only emphasize this. Varying lighting levels, camera occlusion and 
privacy concerns related to recording patients must all be dealt with.  

2. Contextual Complexities in Clinical Encounters 

Designing for clinical encounters is itself a difficult issue. Healthcare providers have 
different needs from patients in clinical communication. Providers have varying time 
constraints during or between meetings, and limited time to prepare. Furthermore, 
doctors oftentimes have to adjust discussions and information to meet the tolerance and 
informational needs of patients without causing issues in face-to-face communication.  

Patients also have a variety of needs. These vary by age, demographic, illness, and 
physical constraints [12, 13]. Medical history may also play a role in prescribed 
treatment. Patients may want visual aids or personalized information targeted to their 
illness or diagnosis [10, 11]. In general, meeting all these needs is difficult, especially 
considering that current EHRs vary between hospitals and clinics. This makes 
integration of data for tools using patient information unnecessarily complicated. 

For patient-centered care, information may need to be constrained physically 
depending on the device used in a given context. For example, patients diagnosed with 
diseases involving more personal parts of the body (such as gynecological and prostate 
cancers) may have reservations about how their information is displayed to them in the 
exam room. Larger displays could prove problematic in such a context, as patients may 
feel loss of control of their information. In contrast, mobile platforms may also be 
problematic for individuals with low-vision.  

Finally, environmental considerations are also a factor in the delivery of patient-
centered healthcare. Unruh et al. [4] assessed the effects of the exam room on doctor-
patient communication, and highlighted potential issues arising in cancer discussion 
settings relating to human factor considerations. The authors suggest designers consider 
the creation of tools for agenda management, interactive collaboration interfaces, and 
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Patients in clinical encounters also want to see or hear information constrained to 
their case. Designers in this space might want to consider personalizing interfaces to 
appropriately match the patients’ diagnosis and staging, which can be rather difficult 
without access to patient health records or additional time requirements from healthcare 
providers to manually input information. Providing methods that can pre-fill peer-
reviewed, evidence-based information based on this information can help providers 
quickly and easily input information personalized to the illness of a patient from a 
general data source.  

In addition, informational interfaces designed to accommodate both patients and 
their healthcare provider in the context of discussions can help healthcare providers 
identify issues resulting from poor communication. Informational interfaces that 
include constraints such that healthcare providers and patients move though 
information at the same pace can help improve doctor-patient communication in 
clinical encounters. Designers may want to consider including checklists or ways for 
patients and providers to review information in a conjoined manner so that each party 
feels information is appropriately covered [31]. 

Furthermore, patients will require layman terminology in clinical encounters to 
better understand their illness. This can be rather difficult for designers to account for 
or maintain without external professional support or sources. Content needs to be 
reliable and come from evidence-based sources, while still tailored to patients with 
regard to terminology.

Adaptable design choices can also be useful to fit patient, caregiver, and provider 
needs in these settings. “Zoomable” interfaces can be useful to accommodate providers’ 
and caregivers’ access to information much more quickly depending on the context 
[15]. Similarly, these interfaces can be useful in clinical communication settings that 
involve the elderly patients or those with low-vision. An example of how these 
interfaces on mobile platforms might be used is shown in Figure 1. This flexibility 
allows healthcare providers to accommodate patient requirements so a discussion can 
focus on the informational needs of patients in an adaptable manner. 

Finally designers should consider the environment in their development of 
applications targeted toward improving patient and provider communication.  
Information presented in hospitals, emergency environments, and exam rooms may 
vary widely in terms of requirements and needs of caregivers, nurses, doctors, patients, 
and their companions. Designers should ensure that tools developed for specific 
contexts accommodate patient and provider needs through the implementation of 
constraints that accommodate each respective party and their environment. 

4. Discussion 

In general, informational constraints are difficult to design for considering the wide 
array of variances between patient and provider needs in a given healthcare 
environment. Each person may want different information, and healthcare providers, 
clinics, hospitals, and emergency rooms might have different processes and procedures 
that can affect how these devices integrate into a given situation. 

Technologists will further need to accommodate for needs of patients and 
healthcare providers in ways that can be generalizable. Capabilities such as font scaling, 
generalizable imagery with annotation capabilities, and flexible design that allows 
users to restrict information in an easy manner can allow healthcare providers to better 
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meet patient needs without making the design of such tools overly specific for a certain 
demographic or age. Inclusion of such capabilities is useful to suit a given context so 
devices can be generalized to meet the needs of a variety of patients with different 
illnesses (such as different types of cancers), yet still personalizable. 

Technologists also have an interest in automating tools to better serve patients and 
providers in clinical communication. Despite their efforts however, research has shown 
that context-aware applications are a difficult paradigm. Background work on the 
perception and organization of contextual information clearly shows how large a 
problem it will be to automatically adapt healthcare interfaces based on contextual 
constraints. However, this is a key research area, which will help the efficacy and 
safety of patient interactions mediated by technology. 

References 

[1] N. Bricon-Souf and C.R. Newman, Context awareness in health care: a review. International journal of 
medical informatics 76 (2007), 2-12. 

[2] R. Agarwal, C. Anderson, K. Crowley, P.K. Kannan, Understanding Development Methods From Other 
Industries to Improve the Design of Consumer Health IT: Background Report, (Prepared by Westat, 
under Contract No. HHSA290200900023I.) AHRQ Publication No. 11-0065-EF. Rockville, MD: 
Agency for Healthcare Research and Quality. May 2011 

[3] 2011. Improving Consumer Health IT Application Development: Lessons from Other Industries: 
Background Report, Agency for Healthcare Research and Quality, 2011, 12-43. 

[4] K.T. Unruh and W. Pratt, Barriers to Organizing Information during Cancer Care: ‘I don’t know how 
people do it.’ In proceedings of the American Medical Informatics Annual Symposium, 2008, 742-746. 

[5] K.T. Unruh, M. Skeels, A. Civan-Hartzler, and W. Pratt, “Transforming Clinic Environments into 
Information Workspaces for Patients.” In proc. of Conference on Human Factors in Computing 
Systems, 2010, 183-192. 

[6] P. Dourish, Seeking a foundation for context-aware computing, Human–Computer Interaction 16 (2001), 
229-241. 

[7] D. Fisher and P. Dourish, Social and Temporal Structures in Everyday Collaboration, In proceedings of 
the 2004 Conference on Human Factors in Computing Systems, 2004, 551-558. 

[8] M. Reddy, W. Pratt, P. Dourish, M.M. Shabot, Sociotechnical requirements analysis for clinical systems, 
Methods of information in medicine 42 (2003), 437-444. 

[9] M. Munoz, M. Rodriguez, J. Favela, A. Martinez-Garcia, V. Gonzalez, Context-aware mobile 
communication in hospitals, Computer 36 (2003), 38-46. 

[10] M.J. Gonzales and L.D. Riek, A Shared Interface to Improve Oncologist-Patient Communication, In 
Proc. of the 6th International Conference on Pervasive Computing Technologies for Healthcare, 2012, 
1-4. 

[11] M.J. Gonzales and L.D. Riek, Designing an Interface to Support Shared Decision Making in Oncology, 
In Proc. of the 2012 American Medical Informatics Association (AMIA) workshop on Interactive 
Systems in Healthcare, 2012, 31-32. 

[12] M.J. Gonzales and L.D. Riek, Co-designing Patient-centered Health Communication Tools for Cancer 
Care, In Proc. of the 7th International Conference on Pervasive Computing Technologies for 
Healthcare, 2013, In press. 

[13] T.F. Hack, L.F. Degner, and P.A Parker, The communication goals and needs of cancer patients: a 
review, Psycho-oncology 14 (2005), 831-845. 

[14] R. Zachariae, C.G. Pedersen, A.B. Jensen, E. Ehrnrooth, P.B. Rossen, H. von der Maase, Association of 
perceived physician communication style with patient satisfaction, distress, cancer-related self-efficacy, 
and perceived control over the disease. British Jrnl of cancer 88 (2003), 658-665. 

[15] K.D. Anind, Understanding and using context, Personal and Ubiquitous Computing 5 (2001), 4-7. 
[16] F. Flentge, S. Weber, and A. Behring, Designing context-aware HCI for collaborative emergency 

management, International Workshop on HCI for Emergencies in conjunction with CHI, 2008,  
[17] C. Schaefbauer and K. Siek, Cautious, but Optimistic: An Ethnographic Study on Location and Content 

of Primary Care Providers using Electronic Medical Records, Proceedings of the 5th International 
ICST Conference on Pervasive Computing Technologies for Healthcare, 2011, 63-70. 

M.J. Gonzales et al. / Contextual Constraints for the Design of Patient-Centered Health IT Tools80



[18] Findings and Lessons from the Enabling Patient-Centered Care Through Health IT Grant Initiative, 
(Prepared by Westat Under Contract No. HHSA 290200900023I.) AHRQ Publication No. 13-0011- EF. 
Rockville, MD: Agency for Healthcare Research and Quality. January 2013. 

[19] S. Eggly, L.A. Penner, N. Hagiwara, R. Gonzalez, F.W. Harper, E.I. Heath, T.L. Albrecht, “Patient, 
companion, and oncologist agreement regarding information discussed during triadic oncology clinical 
interactions,” Psycho-Oncology 22 (2012), 637-645. 

[20] V. Stanford, Beam me up, Doctor McCoy, IEEE Pervasive Computing 2 (2003), 13-18. 
[21] J. Kjeldskov and M. Skov, Supporting work activities in healthcare by mobile electronic patient records, 

Computer Human Interaction, 2004, 191-200. 
[22] Ole Andreas Alsos and Dag Svanæs, Designing for the secondary user experience. In proc. of the 13th 

IFIP international conference on Human-computer interaction 4 (2011), 84-91. 
[23] P. Klasnja, A. Hartzler, C. Powell, G. Phan, and W. Pratt, Health Weaver Mobile: Designing a Mobile 

Tool for Managing Personal Health Information during Cancer Care, AMIA Annual Symposium 
proceedings 13 (2010), 392-396. 

[24] P. Klasnja A. Hartzler, C. Powell, G. Phan, and W. Pratt, Supporting cancer patients unanchored health 
information management with mobile technology, AMIA Annual Symposium proceedings 2011 (2011), 
732-741. 

[25] T. Ni and A. Karlson, AnatOnMe: facilitating doctor-patient communication using a projection-based 
handheld device, In Proc. of the 2011 Conference on Human Factors in Computing Systems, 2011, 
3333-3342. 

[26] M. Pantic, R. Cowie, F. D’Errico, D. Heylen, M. Mehu, C. Pelachaud, I. Poggi, M. Schroeder, A. 
Vinciarelli, Social signal Processing: The research agenda, Visual Analysis of Humans, Springer Verlag 
2011, 511-538. 

[27] H. Aarts and A. Dijksterhuis, The silence of the library: Environment, situational norm, and social 
behavior, Journal of Personality and Social Psychology 84 (2003), 18-28. 

[28] M. Bar, Visual objects in context, Nature reviews Neuroscience 5 (2004), 617-629. 
[29] L.A. Suchman, Plans and situated actions: the problem of human-machine communication. Cambridge 

University press, 1987, 5-12. 
[30] L. Fei-Fei, A. Iyer, C. Koch, and P. Perona, What do we perceive in a glance of a real-world scene?, 

Journal of vision 7 (2007), 1-29. 
[31] R. Datta, D. Joshi, J. Li, J.Z. Wang, Image retrieval, ACM Computing Surveys 40 (2008), 5:1-5:60. 
[32] A. Gawande, The checklist manifesto: How to get things right, Macmillan Publishing, London, 2010, 

32-47. 

M.J. Gonzales et al. / Contextual Constraints for the Design of Patient-Centered Health IT Tools 81


