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Abstract—This paper describes the preliminary research find-
ings and prototype development of a Personal Health Record mo-
bile application. A pilot study about patient-clinician interaction 
guided by common ground theory was performed. The goal of the 
pilot study was to gather requirements to support development of 
a smartphone application to be used in a future experimental 
study. Findings from the pilot study suggest that smartphones 
could be used to manage health information considered important 
for a successful healthcare consultation. 
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I. INTRODUCTION 

An expanding area of research has developed in the area of 
patient-centered health information technology (HIT). In par-
ticular, mobile technology (e.g., smartphones) have the poten-
tial to improve patient-clinician communication (in clinical set-
tings) through the use of personal health records (PHR) [1, 2]. 
PHRs are patient-centered tools that people use to store, man-
age, and share personal healthcare data. They are important be-
cause they provide the lay person with access to personal health 
information that can impact patient-physician decision-making 
[3]. Smartphone PHR applications (apps) are of particular inter-
est because they give patients the ability to access relevant 
healthcare information anywhere-anytime. 

Until recently, clinicians as primary users, have been the 
dominant users of HIT [4]. (Clinicians refer primarily to physi-
cians, nurses, therapists, and physician assistants, or nurse prac-
titioners.) Conversely, patients as secondary users are those 
who were directly affected by the primary user’s operation of 
the technology [4-6]. In the latter case, secondary users have 
often had little or no opportunity to interact with the data ac-
cessed via the technology. Patient-centered system design re-
verses these roles, putting the patient in the position of the pri-
mary user (Figure 1) and in control of the technology.  

The Pew Research Center reported that 62% of all U.S. 
adults using smartphones have used them to gather health-re-
lated information [7], making them akin to an ad hoc patient-
centered technology. Because smartphones are small enough to 
be manipulated in most environments, they have potential as a 
practical item in the clinical setting. Encounters with clinical 
staff frequently occur in small, enclosed spaces that impose lim-
itations on the tools that can be used to enhance communication 
[8].   

While there is a rich body of knowledge regarding primary 
users, the study of secondary users in the context of complex 
patient-clinician communication has been neglected. As such, 
common ground theory provides the theoretical framework for 
our pilot study. This paper presents the results of the pilot study, 
which was an initial guided requirements elicitation process for 
a prototype to be used in a forthcoming experimental study. 

Fig. 1. Descriptive model for face-to-face interaction showing location of pri-
mary and secondary users with respect to shared technology usage. 

II. THEORETICAL FRAMEWORK

Common ground is a communications theory that describes 
language use as a joint action between participants [9]. Com-
mon ground is established when people have certain knowledge 
in common and they know they have this common knowledge 
[10]. The joint action occurs when people work together to es-
tablish shared knowledge, and this process—the joint action to 
create common ground—is known as grounding. For example, 
physiotherapists seeking shared understanding related to reach-
ing consensus and a mutually acceptable follow-up plan, both 
of which facilitate collaborative decision-making, are engaged 
in a joint action with their patients [11]. 

PHRs provide patients with better access to their health 
data. Improving patient access to their own health information 
leads to increased patient participation in health-related deci-
sion-making [12]. However, it is not merely the access to data 
that causes this impact.  In reality, it is the improvement in com-
mon ground between patients and clinicians that make superior 
patient engagement possible. For this reason, the notion of com-
mon ground is extremely vital for exploring the role of 
smartphones in patient-clinician communication. 
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III. BACKGROUND

There is a substantial body of research about primary user 
experiences (UXs). Consequently, they are often considered 
and designed for during system development. We also know 
that secondary users have UXs with many types of technology 
[13]. However, we do not understand when these experiences 
have a meaningful impact on user satisfaction. This is why com-
mon ground is relevant as a theoretical perspective. It makes 
sense that secondary users should be considered in design when 
joint actions for grounding are anticipated. A better understand-
ing of secondary users, and how their communication with pri-
mary users is impacted by technology, should also be consid-
ered in human-computer interaction (HCI) design. A limited 
number of studies examining the secondary user experience 
have been done in clinical and non-clinical settings [14-16]. Ex-
amples of secondary user experiences in clinical settings have 
been reported in a small, but relevant number of studies. 

Alsos and Svanæs [5] performed two usability studies with 
role-players in a hospital setting. In these studies, physicians 
used a mobile personal digital assistant (PDA) to access the elec-
tronic patient record system in various scenarios. The scenarios 
were modeled after common clinical rounds performed with pa-
tient role-players. The researchers concluded from their qualita-
tive findings that primary (physician) user interaction with de-
vices had a direct impact on secondary users. In summary, they 
concluded that UX interaction for primary and secondary users 
should be designed together rather than separately, i.e., devices 
should support non-verbal communication, provide   feedback 
to the secondary users, and be tailored to address conflicting 
needs between the primary and the secondary user. Alsos, et al. 
[17] also conducted two experimental studies of physicians per-
forming simulated rounds using patient records on paper, a PDA, 
and a laptop (on a wheeled cart). Findings suggested that sec-
ondary users need to be supported by three factors that influence 
the interaction between physicians and patient: the user inter-
face, device form factor, and physician communication practice. 

Finally, Gonzales and Riek [18] evaluated the notion of us-
ing a shared device to improve communication between physi-
cians (primary users) and cancer patients (secondary users). 
Through interviews and contextual inquiries with oncologists, a 
number of unique design considerations emerged. Qualitative 
outcomes of the study suggested that a shared mobile device that 
presented tailored information to the patient’s treatment plan 
would improve the quality of communication. They developed a 
concept for HIT personalized to the patient in a shared display 
that the physician and patient viewed simultaneously. 

These studies, along with the greater domain of literature, 
demonstrate two key factors. First, that patients as secondary us-
ers have limited forms of UX, calling the meaningfulness of their 
HCI experience into question; and second, that the level and 
quality of communication between the two user groups is un-
clear. Moreover, we believe that the scenarios portrayed in these 
studies do not demonstrate how designing for a reversed-role 
UX would impact the quality of communication between the 
physician as secondary user and the patient as the primary user, 
while using mobile HIT, such as smartphones. 

As such, we see the patient as the primary user of PHRs and 
their clinician as the secondary user: providing a novel problem 

space for inquiry. We argue that designing mobile HIT for both 
primary and secondary users will ensure a quality of communi-
cation between patient and clinician that includes enabling both 
users the means to successfully communicate and perform de-
sired tasks without frustration. The scope of this paper only ad-
dresses the preliminary findings of our study leading up to and 
including the creation of the first mobile PHR app prototype. 

IV. METHODS
A. Preliminary Interviews 

 Interviews were conducted with a convenience sample of 
four participants: two physicians, one PHR company CEO (also 
a physician), and one PHR company president. Participants were 
identified through faculty of the Indiana University School of 
Informatics and Computing, Indianapolis and a non-profit board 
member. Participants were informally interviewed by phone and 
face-to-face using open-ended questions focused on current use 
of HIT and the future of PHR use. The focus of the interviews 
was to identify the HIT and PHR problem space. 

B. Focus Group Discussion 

 A focus group session was conducted consisting of a con-
venience sample of 12 members of an Indiana inventors club 
(IIC) in a large Midwestern city, some of whom had healthcare 
and engineering experience. The face-to-face group discussion 
was facilitated by the lead author and explored PHR 
smartphone app design functionality and context of use. Focus 
group facilitator questions were informed from findings of pre-
liminary interviews. The purpose of the focus group was to 
identify and confirm mobile PHR app development usabil-
ity/functionality issues surrounding product integration in clin-
ical settings. 

C.  Semi-Structured Interviews 

Semi-structured interviews consisting of a convenience 
sample of one clinician and one potential PHR mobile app user 
were conducted. The interviews were audio recorded and man-
ually transcribed. (Findings from the preliminary interviews 
and focus group discussions informed the design of the inter-
view questionnaires). The purpose of the interviews was to 
identify and confirm design and usability issues related to mo-
bile PHR app development, HCI, and quality of communication 
between the primary and secondary users. 

D. Thematic Content Analysis 

A thematic analysis of seven primary common-ground re-
search papers and the two semi-structured interviews (as out-
lined above) were initially coded separately using the qualita-
tive analysis software, NVivo 10. During each round of coding, 
notes were taken and included in subsequent rounds of coding. 
After initial coding, the literature and interview content was ex-
plored using a customized frequency word search. Text key-
word searches were also performed. The keyword search 
showed concepts that a keyword was related to visualized in a 
word tree. The visualization (Figure 2) made it easy to identify 
keywords with high frequency. The purpose of the literature 
analysis was to identify common ground themes that could be 
operationalized into design constructs. The purpose of the semi-
structured interview content analysis was to identify critical el-
ements of the patient-clinician interaction and how each man-
ages information. 



Fig. 2. A visual example of the output of the text keyword search for ground. 

V. RESULTS 

 Findings from the preliminary interviews regarding patient-
clinician interaction highlighted several critical topics of commu-
nication during an interaction. A summary of the interview find-
ings is that there should be patient-clinician shared/agreed under-
standing of: (1) the medication list, (2) allergy information (i.e., 
food and medication), (3) past medical history, and (4) present 
illness and treatment plan. Findings from the focus group discus-
sion identified concurrence on two issues: (1) sharing between 
primary and secondary users must be simple while remaining 
within the constraints of privacy and security policies; and (2) 
consider wireless sharing of patient information with the pro-
vider’s computing device. A summary of the findings from the 
semi-structured interviews revealed: (1) patients do not specifi-
cally prepare for an appointment and believe they have sufficient 
knowledge to tell the doctor what is going on, (2) patients lack 
detailed knowledge for the appointment, and (3) doctors want any 
data shared with them electronically by the patient to be compat-
ible with the EHR—so they can look at a similar data view. 

The thematic content analysis ultimately yielded three final 
themes: content and process knowledge, shared understanding, 
and collaboration is limited by a lack of interactivity. Interest-
ingly, the semi-structured interview part of the content analysis 
highlighted tension between patients and clinicians about the 
quality of patient-clinician communication. For example, patients 
believed that they should provide quality information to clini-
cians, while clinicians believed the opposite. 

“When it’s my own personal health I don’t really feel that I 
need, in the context of an appointment, information [i.e., 
medical history] on an app, for example, I can just communi-
cate and tell the doctor directly.” - Patient Interviewee  

“Most patients will refer to the computer. So if you said what 
medications are you taking or what medical problems do you 
have… they’ll basically say ‘it’s in the computer’ or ‘refer to 
an external resource.’” - Clinician Interviewee 

VI. PROTOTYPE DESIGN AND TESTING

A. Paper Prototyping 

Aggregated findings informed four iterations of sketching 
for the mobile app interfaces, followed by three iterations of 
low-fidelity paper-in-screen prototypes [19]. The paper-in-
screen prototyping technique (Figure 3) allows paper sketches 
to be uploaded into a smartphone to better simulate user inter-
action. A usability evaluation, using cognitive walkthroughs 
[20], was performed on the paper-in-screen prototypes. Two 
IIC members were recruited as participants for the cognitive 

walkthrough testing. Specific usability problems were identi-
fied, recorded, and addressed during medium-fidelity proto-
typing. 

Fig. 3. Two examples of paper-in-screen prototyping technique. 

B. Medium- and High-Fidelity Prototyping 

A medium-fidelity prototype in wireframe format was cre-
ated (using Adobe Fireworks). An inspection of the wireframe 
revealed additional usability problems, which were addressed 
during a subsequent design iteration (e.g., a consolidation of 
repetitive categories on the menu, additional warnings for shar-
ing information electronically, and customized output screens 
for different user types). From these revisions, an interactive 
high-fidelity prototype in HTML (also in Adobe Fireworks) 
was created. (See Figure 4.) 

Design aspects identified as indispensable for enabling 
the grounding experience were successfully represented in 
the prototype. For example, the clinician interview indicated 
that different views of information for primary and secondary 
users are a suitable technique for improving communication. 
For instance, the problem list interface (identified during our 
data collection process) was originally organized with one 
output screen, primarily with textual information. To address 
the clinician’s perspective, it was revised to include multiple 
output screens (Figure 4): one with less text, the addition of 
an icon, and an additional screen with output organized sim-
ilar to an electronic health record (EHR), which is the system 
that clinician’s use. 

Fig. 4. (L) Problem list output organized for clinicians, (R) Problem list output 
organized for patients. 



VII. DISCUSSION

The pilot study identified findings that suggest a possible 
disparity in perceptions of knowledge about patient health in-
formation between patients and clinicians. If confirmed, this 
means that there is a lack of grounding between them. Our 
interviews revealed that most of the tools to ensure that com-
mon ground is attained are manual (e.g., active listening) and 
(often times) the responsibility of the clinician. This places 
the primary burden of communication on the clinician. The 
patient, however, has the most personal knowledge about 
how they feel and their overall health status at the time of 
engagement with a clinician. As such, mobile HIT in the form 
of PHR apps can significantly improve this communication. 
That is to say, the results from such HIT-facilitated encoun-
ters have the potential to push the traditional boundaries of 
interaction by enhancing the quality of the exchange. 

The findings of the pilot study demonstrate that 
smartphones are able to support the type of patient health in-
formation appropriate for a successful healthcare consulta-
tion. It also demonstrated that gaps likely exist in patient 
knowledge necessary for grounding. Thus, smartphone PHR 
apps have the potential to improve the quality of communi-
cation by enhancing accuracy and speed of information shar-
ing between patients and clinicians, which we believe is im-
perative to overcoming breakdowns of understanding during 
an attempted joint action. Challenges for future research in-
clude identifying and addressing user concerns about privacy 
and security. 

Several insights were obtained from the prototype itera-
tions, and our continuing research, which have yielded a rich 
data source about primary and secondary users. We observed 
that there continues to be a disparity in knowledge between 
clinician and patient regarding the patient’s health status. At 
the same time, clinicians were not confident that current HIT 
could reliably support a transfer of patient-shared PHR data 
to the clinician’s EHR during a real-time health consultation. 

VIII. FUTURE WORK

While the outcomes of our pilot study have resulted in 
several key “lessons learned” on patient-clinician communi-
cation, other forms of interaction (e.g., email or SMS) cannot 
sustain the level of detail of information that can be distrib-
uted (in real-time) via the smartphone PHR app proposed 
here. Moreover, the findings of this pilot study have already 
proven important for the final prototype requirements elicita-
tion process that is on-going. For example, an online survey 
will be developed to validate and extend what was learned 
during the pilot study and follow-on patient and clinician in-
terviews. The result will be enhanced design guidelines to 
better inform app prototype development and the forthcom-
ing experimental study. Hence, the prototype design and us-
ability study will continue to focus on the simultaneous pri-
mary and secondary UXs.  

In summary, to our knowledge, this will be the first pa-
tient-centered mobile HIT design that embraces a synchro-
nized UX for both user-types. And as such, we anticipate that 
they will be equally benefited from the final prototype design, 
development, and usability evaluation phases. 
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