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Abstract

Medication management is a patient health-related activity characterized by poor performance in
older adults with chronic disease. Interventions focus on educating and motivating the patient with
limited long-term effects. Cognitive artifacts facilitate cognitive tasks by making them easier,
faster, and more effective and can potentially improve medication management performance. This
study examined how older adult patients with heart failure use cognitive artifacts and how
representational structure and physical properties facilitated or impeded medication-related tasks
and processes. Interview, observation, medical record, and photographic data of and about older
patients with heart failure (N = 30) and their informal caregivers (N=14) were content analyzed for
cross-cutting themes about patient goals, representations, and actions. Results illustrated patient
artifacts designed from a clinical rather than patient perspective, disparate internal and external
representations threatening safety, and incomplete information exchange between patients and
clinicians. Implications for design were the need for bridging artifacts, automatic information
transfer, and cognitive artifacts designed from the perspective of the patient.

The health-related activities of patients (patient work) are a growing focus in research and
practice of the healthcare focused human factors and ergonomics (HFE) community (Holden
et al., 2013; Holden et al., 2015; Valdez et al., 2014). This is due in part to the U.S.
healthcare model where payment is based on the effectiveness of care, dependent on patient
behavior, and judged by patient outcomes (Hershberger & Bricker, 2014; Scott et al., 2011).
This model depends not only on effective treatment decisions, but effective implementation
of treatment by the patient.

Considering reported medication adherence rates of 40% to 60% in older adults with heart
failure, medication-related treatment implementation is far from perfect (Moser & Watkins,
2008; van der Wal & Jaarsma, 2008). Typical interventions to improve medication-taking
performance focus on educating and motivating the patient and report limited long-term
success (Demonceau et al., 2013). Two avenues, not mutually exclusive are possible to
improve medication-taking performance: an individual-centered focus on education,
motivation, and improving skills; and a systems-centered focus on the support of work
processes through the design and use of cognitive artifacts (Norman, 1991). Cognitive
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artifacts are a promising solution to the difficult problem of medication non-adherence. This
study explores the cognitive artifacts currently used by older adults with heart failure to
manage their medications.

Cognitive artifacts

Humans have limited memory and information processing capacities and cognitive artifacts
can facilitate cognitive tasks by making them easier (decrease workload), faster (efficient),
and more successful (effective) (Heersmink, 2014). Cognitive artifacts are artificial objects
created to improve cognitive task performance by displaying or operating upon information
through representations (Norman, 1991). The power of an artifact to improve performance
depends on how well it fits the user, their goals, and the context of use by enabling action,
higher order thinking, and interpretations (Norman, 1993). Cognitive artifacts can assist with
acting upon the real world (execution) and representing the real world (evaluation) (Norman,
1993). Effective cognitive artifacts can bridge the barriers or “gulfs” of execution and
evaluation that impede performance (Norman, 2002). Performance problems occur when the
means to execute or evaluate actions are unclear, interfering with a goal attainment. As an
integral part of the work system, cognitive artifacts change the nature of the task itself
(Norman, 1993). A cognitive task is altered by the physical properties of the cognitive
artifact's representation (Zhang & Norman, 1994).

Representations play a pivotal role in a distributed cognitive system. Distributed cognition is
a theoretical approach often applied to the study of cognitive artifacts (Nemeth, 2003;
Nemeth et al., 2004). Within a distributed cognitive system, tasks are distributed across
internal (in the mind) and external (cognitive artifacts) representations resulting in shared
knowledge that cannot be known by any single individual (Hollan et al., 2000; Hutchins,
1995, 1995b). Researchers have described cognitive artifacts as mediators of collaborative
systems (Xiao, 2005) that shape cognition and collaboration (Woods, 1998). Cognitive
artifacts influence what needs to be done by distributing tasks across time, people, and place;
and changing the action required to do an activity (Zhang & Norman, 1994).

Medication management in older adults

Corbin and Strauss (1985) described patient work as a fragile emergentbalance of time and
effort between illness work, everyday life work, and biographical work. Structural elements
(people, task, tools, context) interact to shape process and performance (Corbin & Strauss,
1985; Holden et al., 2013; Valdez et al., 2014). Patient work is collaborative and distributed
and necessarily includes the work performed by others, and the temporal and spatial flow of
activities (Corbin & Strauss, 1985; Holden et al., 2015; Mickelson & Holden, 2013; Palen &
Aalgkke, 2006). Last, patient work is situated within a social, environmental, and
organizational context (Corbin & Strauss, 1985; Holden et al., 2015). Therefore, the
cognitive work of medication management involves distributed, collaborative, goal-directed
processes whose outcomes (medication adherence) are dynamic and shaped by interactions
with life activities and context.
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Older adults with heart failure describe medication management as “hard thinking work”
requiring the help of many people to accomplish (Granger et al., 2009). Common reasons
reported by older adults for not taking medications are cognitive in nature: forgetfulness,
frequent medication changes, a complex regimen, daytime sleepiness, and routine
disruptions (Hayes et al., 2009). Evidence suggests that cognitive functions (e.g. working
memory processes, attention, connecting event to a context, task switching, encoding new
information) decline with age (Craik & Salthouse, 2008; Park et al., 2001; Zacks et al.,
2000). Therefore, education and skill enhancement strategies alone may not be effective in
significantly improving medication management performance in older adults. Cognitive
artifacts may provide the external cognitive support needed to improve medication
management performance in this population.

Cognitive artifacts used in medication management

Prior studies support the view of medication management as complex, distributed, and a
goal-directed group of patient activities characterized by a lack of effective patient tools.
Klein and Meininger (2004) reported the self-management of medications as a challenging
control task with few available tools to assist patients. Haverhals et al. (2011) found patients
needed help to obtain reliable information and coordinating information from several
providers. Siek et al. (2011) reported that patients wanted autonomy in managing their
medication regimens and needed more information sources when faced with unusual events.
Palen and Aalgkke (2006) determined medication adherence technology must support
distributed tasks, computation (such as tracking), and patient administration and control.
These studies identified unmet medication management support requirements but did not
address cognitive artifacts in use. An analysis of patient artifacts can help make patient
hidden work visible (Suchman, 1995), and give insights into the work the artifacts were
designed to support (Nemeth et al., 2006). The objective of this analysis was to describe the
cognitive artifacts used by older adults with heart failure for medication management, their
function, distribution characteristics, and effectiveness in bridging the gaps of execution and
evaluation.

Method

We conducted an analysis of data from 30 patients, and 14 informal caregivers enrolled in a
larger study of heart failure self-care. Data collection methods used in the larger study are
reported in detail elsewhere (Holden et al., 2015).

Participants

Patient participants were =65 years old, lived within a 200-mile radius of Nashville,
Tennessee, and received continuing outpatient care in a cardiology clinic specializing in
heart failure. The mean age of participants was 74 years old (SD=6.5, range 65-86); 57%
(17/30) were male; 60% (18/30) were White, non-Hispanic; and 33% (10/30) were Black/
African American. Of those providing answers, 33% completed 12 years of formal
education (30% completed <12years); 53% were married (23% widowed); 97% were not
working or retired; 75% had an annual household income of < $50,000 (25% <$15,000). All
had Medicare (87% had =1 additional insurance plan). Patients had heart failure severity

Proc Hum Factors Ergon Soc Annu Meet. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mickelson and Holden

Procedure

Analysis

Results

Distribution

Page 4

ratings by New York Heart Association (NYHA) functional classification of Il or “mild”
(37%), 111 or “mild/moderate” (60%), if known. The study excluded NYHA classes | and IV.

Researchers collected data in 2012-2013 and included clinic visit observations, short (30-
minute) interviews, and follow-up (90-minute) interviews. Researchers extracted photos of
cognitive artifacts from in-home and in-clinic video recordings. Electronic medical records,
and self-administered standardized surveys (100% response rate) provided additional
confirmatory data.

Researchers imported transcribed interviews and observation data (N=30) into NVivo 10
qualitative data analysis software for descriptive content analysis and iterative category
development (Miles et al., 2013). First researchers identified broad passages of data
mentioning a cognitive artifact used in medication self-management defined as the patient
and caregiver processes by which prescribed medications are administered in a manner
optimal for achieving treatment goals. Next, author RSM assigned thematic codes to
structurally coded passages related to the artifact's function including planning,
sensemaking, organizing, tracking, problem-solving, communicating and coordinating and
executing (Corbin & Strauss, 1985; Lorig & Holman, 2003). Also, passages were coded that
related to task and information distribution characteristics (Hutchin, 1995), and impact of the
artifact on the gulfs of evaluation and execution (Norman, 1993). The third pass involved
data-driven, discussion-based thematic and category development (Miles et al., 2013). The
senior researcher, RJH, facilitated analytic convergence (Berends & Johnston, 2005).
Researchers used passages and still photographs to clarify the content and analytic themes
(Bell, 2001).

Patients and their caregivers used multiple cognitive artifacts for detecting problems,
communicating and collaborating with clinicians, sensemaking, tracking and the execution
of medication administration. Some cognitive artifacts were multifunctional. The design of
patient artifacts centered on the clinician perspective of patient work and patients modified
artifacts to fit their needs. Table 1 summarizes the functional purpose and prevalence of
cognitive artifacts used by participating older adults with heart failure. When reporting
quotes, we provide sub-scripted patient identifiers using an AGE/SEX/RACE format, with
race designations of White (Wh), Black (Bl), and Mixed (Mix).

of tasks and information

Effective cognitive artifacts facilitate task distribution and knowledge building between
members (Hollan et al., 2000; Hutchins, 1995, 1995b). Several cognitive artifacts distributed
tasks across time to reduce task burden. Pillboxes distributed the effort of reading labels and
opening prescription (Rx) bottles from a several times per day task to a once a week task
reducing the patient's workload. One patient explained, “trying to open half a dozen
containers twice a day, is impossible."8YMWh However, an unintended consequence of
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pillbox use was the separation of medications from identifying information printed on the
Rx bottle label. In a pillbox, medications were identifiable by time and appearance alone.
Medication appearance gave no clues as to the name, dose, or directions for administration
of the medication. Many medications were similar in appearance and patients recounted
administration errors after confusing medications based on appearance. A patient described
an episode where his blood pressure (BP) fell after he confused two medications, “/ts
football shaped just like the Coreg, only a little bit smaller, and the only thing | could think
of that could possibly have caused that was I screwed up the pills. ”56/M/Wh

Patients made notes to remind themselves to communicate information to clinicians. Patients
sometimes misplaced or forgot these notes and had to rely on memory to convey important
information, “/ know 1 left me a note on one of these papers, is a note in there that said for
me not to take the Dioxin (sic).”68/F/Wh

Self-made artifacts conveyed a need for patients to track medication history. Clinicians
commonly asked patients about past medications and patients relied primarily on memory
for this information. A caregiver struggled to remember the name of a medication his wife
had taken in the past, “ir was just a little pill."husband 74/FWh One patient kept a list of
problematic medications, “/'ve got another list that, that had medications I take and that did
have side effects and that weeded out a bunch of stuff"86/M/BI Another patient made a chart
that listed all the medications he had ever taken, the date the clinician discontinued the
medication (if so), the name of the prescribing provider, and when the next refill was due.

Daily weight and blood pressure (BP) logs distributed the task of tracking and evaluating the
patient's condition to include the time between clinic visits. Logs gave the clinician
additional data points on which to base evaluations and allowed patients visual feedback and
the ability to follow trends. These artifacts were adaptable to tracking additional
information. One patient documented when she took an extra diuretic on her log, * You see
how my weight constantly kept going down... You can see here where | went up a little bit
and took those pills and dropped.”88/F/Wh

Cognitive artifacts also distributed tasks across people. Paper weight and BP logs facilitated
shared responsibility for evaluating, tracking, and communicating information. However,
less than half of patients documented weight (43%) and BP (37%) and 20% of patients
remembered to bring the logs to appointments and relied on memory. Paper medication lists
and Rx bottles brought to clinic visits by the patient facilitated the task of medication
reconciliation. However, 60% of patients did not bring Rx bottles or lists to clinic visits
leading to uncertainty about what medications the patient was or should be taking. Patients'
externally represented medications based on a direct experience of appearance (size, shape,
color). Clinicians' external representations were textual and indirect, by name, dose
frequency and intended actions and effects. Without the aid of cognitive artifacts,
communicating across these differing representations was difficult.

Some cognitive artifacts distributed information across places. Wireless communication
devices automatically sent weight and BP measures to clinicians with little patient effort.
The clinician could respond in real time and change medications as needed. One patient
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commented, “/f / gain five pounds, | get a phone call, and she and the Nurse Practitioner of
this organization compare notes and call me and give me a tongue lashing.”8%M/Bl The web-
based patient portal used by some patients (27%) allowed them to send messages to
clinicians; track appointments, laboratory and test results; and access clinical summaries,
problem lists, and current medication lists.

Some (7%) patients used portable medication containers when they were out for the day.
Otherwise, patients delayed or skipped medications when they were away from home.

Gulfs of execution and evaluation

Patients experienced difficulty with execution relating to the physical characteristics of
artifacts. One patient could not see or read the labels on the Rx bottles. He invented a system
where he marked to tops of the bottles with abbreviations (M for the morning, N for noon, B
for bedtime) and number of tablets to administer. Some patients had difficulty standing on
the scale before it timed-out and shut off, “/'m foo slow to, to make it does what it's
supposed to ab.”88/F/Bl and others could not see scale numbers, “They were accurate. 1 just
couldn't see 'em.”89/M/Wh patients also had difficulty opening Rx containers.

Equipment and skills were needed to use technology. Twenty-seven percent of patients used
the patient portal and others were unaware the portal existed (13%), did not own a computer
(27%), and did not like to use a computer or felt they did not have the necessary skills
(13%). One patient did not have a phone jack to communicate electrocardiogram
information to her clinician, “/ don't have an actual jack for the phone so therefore I can't
Just you know plug it in. 85/F/Bl

Patients did not always understand the purpose of cognitive artifacts, which interfered with
appropriate use. One patient felt burdened having to record his weight and BP, “taking my
blood pressure, taking my weight, and sugar count, so forth ‘til I feel like a
secretary.”80MWh Another patient did not record his weight, “/ know my weight,” not
acknowledging the need to communicate this information to the clinician. Without approval
from his clinician, a patient decided when to take an extra diuretic dose based on a pulse
oximeter value of 96% oxygenation. This patient said, “the doctor won't tell you to buy one
of these, but | used it as a trigger, you know.”8¥MWh Dyring a clinic visit the doctor told
him, “we don't get concerned until it's below 88%.”MD of 84/M/Wh

Patients had difficulty with evaluation of information generated by cognitive artifacts.
Patients did not always have the knowledge to interpret weight, BP, and oxygen saturation
values and either did not act or acted incorrectly to unusual values. One patient's wife
explained, “They said to check it, and If it's a certain level then it's okay. But then when it's
not, you know you know write it down. it of 7T0/M/Wh ghe decided documenting an unusual
value without notifying the clinician was the appropriate action.

Cognitive artifacts also facilitated execution and evaluation. Implantable cardiac monitoring
devices gave patients automatic feedback on the dose of medications based on biometrics.
Daily wireless transmission of weight, BP, and oxygen saturation values to clinicians
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allowed patient access to expert feedback and interpretation of these data, and immediate
medication changes based on real-time values.

Discussion

This analysis, guided by a distributed cognition and barriers to action framework, revealed
striking gaps and potential opportunities for the use of cognitive artifacts for medication
management by older adults with heart failure.

A distributed cognition framework is often applied to team performance. Collaborative
teams coordinate information and knowledge using shared artifacts such as communal
displays to mediate collaborative work (Xiao, 2004). Patients and clinicians in this study did
not use collaborative artifacts to enable shared understanding. This resulted in an incomplete
understanding of information. There was a lack of bridging artifacts to combine disparate
representations and knowledge to facilitate shared understanding.

In addition to a reliance on incomplete information, skill levels of patients were variable. We
cannot assume all patients can perform health tasks unaided. One solution is the automatic
transmission of health data or “automated hovering” (Asch et al., 2012). With the use of
remote monitoring or telehealth technology, patients no longer are required to document and
evaluate data without assistance. They can receive timely feedback from clinicians as
needed, directing them to take appropriate actions. Studies suggest that remote monitoring
can decrease mortality and hospitalization rates in patients with heart failure (Dierckx et al.,
2014).

There are several concerns about automatic transmission of patient data. There is a potential
decline in patient engagement when patients no longer participate in the evaluative process.
The lack of participation may create an overdependence on automation and make patients
passive recipients of care. Automation may also interfere with patient autonomy. Studies
report patients desire autonomy in managing their medications (Palen & Aalgkke, 2006;
Siek et al., 2011). Other studies report technology facilitates patient engagement in self-care
(Ricciardi et al., 2013). It is clear there is a delicate balance between automation and patient
participation and shared responsibility that must be maintained in cognitive artifacts
designed for patients.

Current cognitive artifacts do not optimally support patient work. The clinical perspective
was the basis for the design of BP cuffs, pulse oximeters, logs and patient medication lists.
Palen and Aalgkke (2006) reported medication management technologies were based on the
provider view of patient work. Forsythe (1996) described an information tool for migraine
headache patients based on a physician perspective and a developer's assumptions. The
resultant technology was not useful or usable for the intended patients. Artifacts designed for
by and for clinicians may not support the work of patients. Studies report patients desire
more information about their medications (Haverhals et al., 2011; Siek et al., 2011). Patients
adapted cognitive artifacts to add information they required, and these adaptations give
insights into the unmet needs of patients important to the development of new cognitive
artifacts. More research is needed related to cognitive artifact use by patients. Patient
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adaptations and self-made tools can give valuable insights into unmet needs and guide the
design and development of future tools. A limitation of this study was a lack of a cognitive
impairment assessment. Future research could explore the effects of cognitive impairment on
cognitive artifact use.

In conclusion, there is great potential for cognitive artifacts to improve the cognitive
performance of patient medication management work. Cognitive artifacts can especially
enable information and skills sharing between disparate individuals—patients, informal
caregivers, and various clinicians—who must collaborate to achieve medication
management goals.
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Table 1

Cognitive artifact functions used by older adultswith heart failure

Functions

Artifact/Prevalence (%)

Problem detection

Blood pressure (BP) cuff (70%), used daily (60%)
Scale (97%), used daily (77%)
Pulse oximeter (10%)

Communication & Collaboration

Health telemetry (3%)
Appointment books, calendars, notes (17%)

Prescription (Rx) bottles (3%) *
Medication lists (20%) *

Medication list + Rx bottles (17%) *

No artifact, reliance on memory (60%) *

Sensemaking

Rx inserts (10%)

Books, brochures (27%)
Internet (33%)

Television advertisements (17%)

Execution, Administration

Rx bottles only (3%)

Pill Organizer (73%)

Rx bottles + medication list (17%)
Paper bags, toiletry bags (7%)
Small portable containers (7%)
Cellphone reminders (7%)

Tracking

Paper logs, weight (43%) & BP (37%), brought to appointment (20%) *

Multifunction

Left atrial pressure monitor (7%)
Patient portal/personal health records (27%)

*
cognitive artifact brought to the clinic appointment
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