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Abstract

Public interest in the quality and safety of health care has spurred examination of specific
organizational routines believed to yield risk in health care work. Medication administration
routines, in particular, have been the subject of numerous improvement projects involving
information technology development, and other forms of research and regulation. This study
draws from ethnographic observation to examine how the common routine of medication
administration intersects with other organizational routines, and why understanding such
intersections is important. We present three cases describing intersections between medication
administration and other routines, including a pharmacy routine, medication administration on the
next shift and management reporting. We found that each intersection had ostensive and
performative dimensions; and furthermore, that IT-enabled changes to one routine led to
unintended consequences in its intersection with others, resulting in misalignment of ostensive and
performative aspects of the intersection. Our analysis focused on the activities of a group of nurses
who provide technology use mediation (TUM) before and after the rollout of a new health IT
system. This research offers new insights on the intersection of organizational routines,

© 2012 Operational Research Society Ltd. All rights reserved

Correspondence: Laurie Novak, Biomedical Informatics, Vanderbilt University, 2525 West End Avenue, Suite 800, Nashville, TN,
United States. Tel: 615 936 6497; Fax: 615 936 1427; Laurie.L.Novak@vanderbilt.edu.

About the authors

Dr. Laurie Novak is Assistant Professor of Biomedical Informatics at Vanderbilt University School of Medicine. She holds a Ph.D.
in Medical and Business Anthropology from Wayne State University, and a Masters in Health Services Management and Policy from
the University of Michigan. Her research interests include technology-in-use in the everyday management of chronic illness, and
organizational perspectives on strategies employed by clinicians and patients to create safety during transitions to new systems of care.
She is a member of the Implementation Sciences Laboratory at VVanderbilt.

Dr. JoAnn Brooksis a Postdoctoral Research Associate at Syracuse University’s School of Information Studies. Her Ph.D. is from
the University of Michigan in Public Policy Studies and she holds an MS in Computer and Information Science from University of
Massachusetts at Amherst. Her research focuses on organizing practices in work environments, especially as they involve the use of
IT.

Dr. Cynthia Gadd is Professor of Biomedical Informatics and Director of Educational Programs at VVanderbilt University. Her
research interests include the evaluation of integrated clinical information systems and the development and evaluation of innovative
approaches for biomedical informatics education and training to meet the needs of health care in the U.S. and globally. She is a
member of the Implementation Sciences Laboratory at Vanderbilt.

Dr. Shilo Andersis Research Assistant Professor in the Center for Research and Innovation in Systems Safety at Vanderbilt
University. She received her doctoral degree in Industrial and Systems Engineering from the Ohio State University. Dr. Anders’s
research focuses on using Cognitive Systems Engineering principles investigate problems in information analysis, data overload,
predictive analysis, information visualization and adaptive capacity in both military and health care domains. She is interested in
research on system design, individual and team performance issues, and improvements in patient safety and quality.

Dr. Nancy Lorenzi is Assistant Vice Chancellor for Health Affairs, Professor of Biomedical Informatics and Clinical Professor in
Nursing at Vanderbilt University. She is an internationally recognized expert on change management related to information
technology, with particular focus on organizational and personnel issues related to automation in the health care industry. She is the
Director of the Implementation Sciences Laboratory at VVanderbilt.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Novak et al. Page 2

demonstrates the value of analyzing TUM activities to better understand the relationship between
IT introduction and changes in routines, and has practical implications for the implementation of
technology in complex practice settings.

Keywords

organizational routines; unintended consequences; technology use mediation; electronic health
records

Introduction

Health care work is structured through the enactment of organizational routines
(Greenhalgh, 2008), defined as ‘repetitive, recognizable patterns of interdependent actions,
carried out by multiple actors’ (Feldman & Pentland, 2003). Widespread public interest in
quality and efficiency of health care work, partly a result of a substantial amount of public
financing, has resulted in certain organizational routines in health care becoming the subject
of measurement, analysis, comparison and public reporting. Medication administration,
handoffs of patients and information between clinical providers, and infection control
practices are all examples of organizational routines that have been targeted for
improvement. One result of this public focus on specific routines is the direction of
information technology (IT) development and implementation resources toward those
aspects of health care work. Health care organizations around the world are considering how
IT can support better handoffs and safer medication administration, as it is universally
acknowledged that a single error that results in patient harm is one too many.

A possible side effect of such intense focus on a limited set of organizational routines is the
underspecification of the impact of new policies and technologies that are intended to alter
one routine, such as medication administration, on other routines that overlap with it
(Howard-Grenville, 2005). This may explain the growth of the ‘unintended consequences’
literature in health care informatics (Campbell et al, 2006; Ash et al, 2007) that points to a
newly defined category of system failure and subsequent adverse patient outcomes referred
to as ‘e-iatrogenesis’, or patient harm caused by health care technology (Koppel et al, 2005;
Weiner et al, 2007).

This paper examines the impact of new IT on relationships among organizational routines.
Using qualitative data from observation of the rollout of barcode medication administration
(BCMA) in a hospital setting, we describe what happens when intersections between
organizational routines are altered with the implementation of new technology. Abstract and
performative dimensions of the intersections are revealed through the activities of a group of
mediators who work in the space between the abstract and the concrete, between the BCMA
process as designed and the situated actions of nurses giving medications to patients. In this
case the mediators are the Informatics Support Team (IST), a group of nurses providing
education and go-live support for clinical IT in an academic hospital environment. Our
analysis of the work of these mediators reveals that their work involves reconciling
collisions between intersecting organizational routines.

First we review theoretical foundations for our work. We then provide background on the
technology, the setting and our research methodology. Next, we describe the organizational
routine of medication administration and, using three cases, explore the effects of the
introduction of BCMA on the work of nurses and on the intersection of medication
administration with other routines. In the discussion, we consider the practical and theoretic
insights provided by focusing the technology use mediation (TUM) (Orlikowski et al, 1995)
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framework on relationships among organizational routines and unintended consequences of
new technology implementation. We conclude with considerations for how these findings
might be used in practice and directions for future research.

Theoretical foundations

Structure and agency in organizational routines

Routines are a central characteristic of human organizations, and widely recognized as the
way most organizational work is accomplished (March & Simon, 1958; Cyert & March,
1963; Nelson & Winter, 1982; Hazlehurst & McMullen, 2007). Routines have been
identified as sources of both inertia (Nelson & Winter, 1982; Gersick & Hackman, 1990)
and change (Feldman, 2000; Feldman & Pentland, 2003). This seeming paradox can be
explained by considering the mutually constitutive relationship between abstract notions of
routines (e.g. descriptions and understandings of the process) and performances of routines,
in which the abstract aspect of the routine is either recreated or changed by knowledgeable
agents within a particular situation (Feldman, 2003; Feldman & Pentland, 2003; D’ Adderio,
2008). In other words, organizations maintain stability through recurring patterns of
collective activity, such as hiring practices, and change occurs as these organizational
routines are altered in their execution, for example, when a corporate recruiter begins using
social networking technology in his work.

Pentland and Feldman (Feldman & Pentland, 2003; Pentland & Feldman, 2005) describe
two dimensions of routines, ostensive and performative, a distinction attributed to Latour
(1986). Ostensive aspects are abstract descriptions or understandings of how the routine
should be enacted. This dimension includes the steps that can be depicted on a flowchart and
described by the participants who carry out the work. Because it articulates organizational
goals, the ostensive aspect is important for measurement and comparison of work across and
within organizations, and provides for continuity of practice among participants. In a hiring
routine, for example, the ostensive aspect might include descriptions of components such as
performing background checks, conducting interviews and reviewing resumes. These
components represent goals that can be quantified and compared across entities, for
example, how many resumes were reviewed for a position, or how many days it took to
complete a background check. Performative aspects of routines are specific performances of
the routines by individuals or groups. Examining the performative aspect provides insight
into the actors’ views of which parts of the routine are flexible, the roles of various people,
artifacts and technologies in enacting the routine, and workarounds and other changes to the
routine that are possible. The ostensive dimension includes references to the rules and
resources that the actors make use of in enacting the routine. The relationship between
ostensive and performative aspects of routines has been characterized as one of structure and
practice (Feldman, 2003). In everyday practice, enacting the routine has structural influence,
either reinforcing the stability of the ostensive dimension of the routine or, less frequently,
leading to change in the ostensive dimension.

Organizational routines interact with each other. Howard-Grenville has described this
phenomenon as ‘embeddedness’, or the “‘overlap between artifacts and expectations
generated from routine performances and those generated from the enactment of other
structures’ (Howard-Grenville, 2005). This approach calls for an examination of the
practices and artifacts that are involved in a routine, and how those practices and artifacts
are also involved in the performances of other organizational routines. With empirical
qualitative data on manufacturing routines, Howard-Grenville distinguishes ‘weakly
embedded’ routines, which overlap with few other institutional structures, and ‘strongly
embedded’ routines that function in the core of the organization, overlapping with many
other routines in significant ways (2005). The embeddedness concept is highly useful in
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understanding intra-organizational variation in flexibility and persistence of routines
(Howard-Grenville, 2005).

We aim to extend theory about organizational routines by focusing on the work that actors
do when routines come together, a site of structure and action that we conceptualize as an
‘intersection’. Below, we demonstrate empirically that these intersections have ostensive
and performative dimensions of their own. Human agents participating in the routines can
describe ostensive aspects of the intersection, and the performative aspects are situational,
enacted in everyday work. Figure 1 provides a depiction of a generic intersection with
ostensive and performative dimensions. Key terms are defined in Table 1.

When new technology is rolled out in organizations, human agents continue to bring their
historical practices, including experiences with other technologies, to the performance of the
routine (Leonardi, 2011). When the intersection of the routines in a particular context
produces unanticipated consequences (based on expectations set by historical
performances), the factors producing those consequences (e.g. a software glitch in a new
interface between two systems) may not be readily obvious. The human agents in each
routine rarely have time to solve complex problems that may involve work activities of
others, computer program interfaces or other technical issues that fall outside their expertise.
Some organizations use personnel with both content (in this case, medical) and technical
training to work out the problems during a system rollout. The work of these problem
solvers can be referred to as TUM (Orlikowski et al, 1995).

Technology use mediation

Orlikowski (2000) has observed that technology itself does not structure the activities of
individuals in organizations, but instead is adapted to the specific context of use by
knowledgeable organizational actors. Therefore, technology influences social structure
through the use of the technology in routine practices (technology-in-practice), resulting in
reproduction of (or change in) rules, resources, technologies and practices in organizations
(Orlikowski, 2000). Further, Orlikowski and colleagues observed that mediators intervene in
the use of technology and impact the trajectory of use patterns, and developed the notion of
TUM (Orlikowski et al, 1995). TUM is defined as ‘deliberate, ongoing, and
organizationally-sanctioned intervention within the context of use that helps to adapt a new
... technology to that context, modifies the context as appropriate to accommodate use of the
technology, and facilitates the ongoing effectiveness of the technology over time’
(Orlikowski et al, 1995, p. 424). TUM is explicated as a process entailing ‘metastructuring’,
in which mediators intervene in the structuring process to change the organizational context
and provide users with mental models and other interpretive resources to draw upon as they
learn and use the technology. Orlikowski et al (1995) are careful to describe this as only one
type of metastructuring, stating that due to the social nature of technology use, ‘there will
always be other actors who intervene in some way or other in users’ structuring of their
technologies’ (p. 437). TUM is characterized by being organizationally sanctioned and
observable through activities that ‘routinely and deliberately intervene in users’ structuring
activities by influencing users’ understandings, altering technological features to ease use,
modifying institutional policies ... and facilitating access to and operation of ...
technologies’ (1995, p. 437).

Davidson and Chiasson (2005) applied and expanded the TUM framework through their
study of two health care organizations and their electronic medical records (EMR) systems.
Responding to earlier speculation that TUM would be most applicable to generalized
technologies such as groupware (Orlikowski et al, 1995), the authors were able to
demonstrate the applicability of TUM with a specialized technology, the EMR.
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We focus in this paper on mediation activities that involve ‘solving problems’ that arise
during rollout of new technology. We define this problem-solving work as activities aimed
at revealing the sources or causes of negative unintended consequences, along with resultant
actions to modify social structures or material artifacts to improve the effectiveness of
routines. By focusing on the problem-solving activities of mediators, we were able to
examine in depth the intersections of organizational routines, an area that is somewhat
opaque to all but the limited number of agents in the organization whose job descriptions
focus on that space. An example of this role in IT is a software tester, using a specific
protocol to test an interface between systems. Such protocols are rarely able to test all
possible interactions between two applications. An example of such a role in health care is a
‘transfer nurse’, who is designated to get patients and their medical information moved from
a procedural area (e.g. surgical suite) into a bed on the acute care unit, where again,
omissions are likely to occur. Furthermore, given the level of coordination in the health care
setting, intersections of routines are constantly in play. We contend that intersections among
routines are common but not well understood, and that the work of problem-solving
mediators in medical settings provides a useful window into the reproduction and change of
their structure.

The study site for this research was a multi-hospital, tertiary medical center, implementing a
BCMA system. For over a decade, the organization had invested in IT as part of its core
strategy for improving care. Applications that had been implemented prior to the study
included Computerized Provider Order Entry (CPOE) described in more detail below,
nursing documentation, an EMR and all of the ancillary department systems, such as
Radiology, Laboratory and Respiratory Therapy. The organization made the decision to
implement “closed-loop’ medication management, referring to a loop beginning and ending
with the physician, and facilitated by interfaced or integrated electronic systems. In the
hospital setting, the majority of tests, therapies and medications are carried out or
administered based on a physician’s order. As shown in Figure 2, the physician initiates an
order in the CPOE system, and the order is transmitted to the pharmacy where it is processed
in the integrated pharmacy system. Then the order is fulfilled and delivered to the patient
unit, and the nurse administers the medication, using the barcode scanner to scan the
patient’s wristband and the medication label. The work of documenting (also referred to as
‘charting’) patient care is a central part of nursing practice. For medications, nurses must
document the medication, dose, time and route (e.g. via injection) for each dose they give.
The BCMA system automatically documents the relevant information into the EMR, and the
physician is able to monitor the administration and effects of the medication through the
EMR.

At the time of observation, the primary new components of the closed loop medication
management system were a new pharmacy information system and BCMA. While these two
systems were sourced from a single vendor, they had not been developed by the same
company. The study site was an early implementer and development partner of the vendor.

The IST was a group of approximately 20 registered nurses that functioned as an interface
between the informatics developers and the clinical staff. The team was a permanent group,
having grown substantially over the previous 5 years as a result of its involvement in the
implementation of CPOE and a nursing documentation application in the hospitals.
Members of the team represented the needs of users to in-house developers for customizing
vendor products and designing application solutions for specific needs. They also worked
with project managers, the vendor, informatics staff, hospital management and clinical staff
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to design implementations, including detailed equipment considerations and rollout
scheduling. The IST was also responsible for training new staff on clinical systems and
training all users on new systems being rolled out. They provided implementation support,
including 24/7 coverage in the early weeks for each unit, initiating and participating in
problem resolution for new systems being rolled out, including interface issues with other
systems. This support included one-on-one coaching of nurses relative to tasks and concepts
in the BCMA system, troubleshooting hardware and software problems, and identifying
issues that required policy and process changes. Finally, the IST provided ongoing support
of implemented systems. In the cases presented below, aspects of the work of the IST
constituting TUM are explored.

A case study methodology (Eisenhardt, 1989; Ragin & Becker, 1992; Yin, 2003) was used
to gain insights into the organizational, technological and individual/group factors involved
in the mutual adaptation of new technology and work practices. Data included field notes
from observations, documents such as meeting minutes and reports, and email
communications. This variety of sources enabled triangulation of findings between activities
observed, those discussed in meetings and those reported in shift reports (Denzin & Lincoln,
1998). All names, including those of organizations and groups, have been changed for
publication.

The principal investigator (PI), a Ph.D.-trained health care anthropologist, conducted
approximately 50h of ethnographic observation of Informatics Support Team (IST) and
nurse interactions during the weeks that the system was being brought online. The
observations took place primarily during standard medication administration times in the
morning and evening on 10 adult patient care units that went live on BCMA during January
through August of 2007. Participants included nurses, IST staff, and other related
informatics and clinical staff.

In addition, the PI observed approximately 48 meetings of the IST, including standard team
meetings and special problem-solving meetings. Participants in these meetings included IST
staff, informatics staff, nursing coordinators and managers, hospital administrators,
pharmacy staff, and representatives from the respiratory therapy department. The Pl
recorded observations as written field notes and subsequently entered the field notes in
expanded form into computer text files. Particular attention was placed on capturing issues
the IST dealt with and strategies for problem resolution.

Email and shift reports

The IST used email extensively for informal communication as well as semi-structured
reports for work shifts when supporting a particular unit ‘going live’ on BCMA. When it
became clear that this was a potentially valuable source of data, approval was obtained to
analyze these email communications as part of the study. Email communications contained
detailed descriptions of problems and problem resolution strategies. Emails (170) were
received on an email client and each message was saved as a text file for importation into
the data analysis software.

Data analysis

Files containing field notes and email content were imported into QSR NVivo (QSR-
International) (Versions 7 and 8 were used), a qualitative data analysis software program. In
NVivo, each file becomes a ‘source’ document. Sources are then opened and text units
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(usually paragraphs) are coded (assigned one or more labels, or nodes). The PI performed all
of the coding and was joined in the analysis by the second author. Data were coded initially
to identify major themes (such as hardware issues, communication issues, situations
resulting in confusion, problems stemming from orders, etc.).

We chose to focus on medication administration because it is a ubiquitous organizational
routine that has garnered much attention in the media and regulatory environment. As the
research progressed and the activities of the IST were identified as having a role in the
adaptation of nursing work to BCMA, the TUM framework emerged as a potentially useful
interpretive scheme due to its focus on the work of mediators. To operationalize the
organizational routine concept, we initially used Pentland’s (1995) formulation of
organizational, technological and cultural structures to examine the embeddedness of
medication administration, following the example of Howard-Grenville (2005). However,
given the availability of data on the intersections of specific routines, we found that we
could develop more compelling insights through analysis of these intersections than through
an attempt to calculate the overall embeddedness of medication administration.

Findings and analysis

In this section we first describe the nurses’ medication administration routine and provide an
overview of how the introduction of BCMA impacted that routine. We then analyze three
instances of the intersection of the nurses’ routine and other routines that relate to
medication administration, highlighting in each case ostensive and performative dimensions
of the intersection, the unintended consequences that arose with the implementation of
BCMA, and the role of IST mediators in mitigating these problems. The cases are: (1) the
intersection of medication administration with pharmacy verification and scheduling, (2)
temporal coordination of the medication administration routine (a type of intersection) and
(3) intersection of medication administration with clinical management oversight. While
some aspects of the findings may appear trivial, such as the existence of a computational
discrepancy between two interfaced systems, we will demonstrate that not all such
discrepancies are mere ‘bugs’ that can be easily fixed, that seemingly minor technology
issues can produce social consequences that impact patient care, and that mediators played a
critical role in addressing subtle yet significant and complicated problems with the software.

The medication administration routine

The ostensive aspect of the medication administration routine before and after BCMA
implementation is described below and depicted in Figures 3 and 4. Medication
administration is a central organizational routine for all hospitals that involves many other
pervasive routines such as physician ordering, pharmacy work and billing. Almost every
patient is given some kind of medication, including both medications and supplements
already prescribed (and sometimes brought from home) and medications ordered by
physicians to be administered during the hospital stay. The ostensive aspect of the routine
that we present for medication administration is conceptualized at a gross level of detail,
encompassing widely varying regulatory, institutional and skill requirements of the
administration of a range of drugs from narcotics to laxatives in forms that range from
intravenous lines to pills.

As depicted in Figure 3, prior to BCMA implementation a patient-specific, paper
spreadsheet-type document, called a medication administration record (MAR), was used as a
central source for tracking medication schedules (i.e. the time and amount of each dose) and
for documenting medication administrations. When a physician ordered a new medication
(or changed an existing one) using the CPOE system, a copy of the order automatically
printed on the patient unit and the unit secretary wrote the new order and schedule
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information on the existing MAR. Overnight, the pharmacy IT system (which was interfaced
to the CPOE system) printed new paper MARSs with updated schedules and these were
placed in the patient charts. When a nurse was ready to administer medications, she checked
the MAR for medications due, obtained the medications, identified the patient (two
identifiers were required, such as checking the patient’s identification band and asking the
patient for birth date) and administered the meds to the patient. She also then documented on
the MAR that the medication had been administered.

In the performance of this routine, errors and other variances from the expected process
were not uncommon. Examples of these variances included a medication being given early
or late, the patient vomiting immediately after a medication was administered and the patient
refusing the medication. Nurses had individualized methods for documenting these
variances. Some nurses made a note in the paper MAR next to the affected dose if such an
event occurred. They could also choose to document the event elsewhere in the patient chart,
and/or discuss it with the nurse on the next shift during the shift change meeting.

With the implementation of BCMA, an electronic medication administration record (eMAR)
was implemented, and was interfaced to the CPOE system. With BCMA, nurses could see a
medication order on the eMAR when the physician placed the order in CPOE, but the order
only became ‘active’ after the pharmacy processed it. Once the order was active, the nurse
could scan the patient, scan the medication, address any alerts (such as wrong dose or early/
late administration), scan the patient again, click on the ‘Confirm’ icon, and this would
automatically update the eMAR that the medication had been given, including the time. If
there was an alert for any variance such as a late administration, the nurse would be signaled
with a dialog box. The nurse could override the alert and choose from a list of reasons or
type in a reason with free text. The post-BCMA ostensive routine is shown in Figure 4.

Case 1: Intersection between medication administration and pharmacy verification and

scheduling

As depicted in Figure 2, BCMA was part of a larger, ‘closed loop’ medication management
implementation. Along with BCMA, a new pharmacy computer system was being
implemented. Both of these systems were highly integrated into the existing informatics
infrastructure, with patient data being shared at intersections between administrative and
clinical systems for many purposes.

As previously indicated, the pharmacy system and the BCMA system were sourced from the
same vendor, but both were the result of vendor acquisitions, therefore the two systems were
developed independently, not to work together seamlessly. This project was one of the first
installations of the two systems together. Therefore, although the interface code was
specified in the vendor organization, it had not yet been fully operationalized in multiple
customer environments.

Pharmacy verification and scheduling routine—This first case explores the
intersection of the medication administration routine with the pharmacy verification and
scheduling routine. When a physician entered an order into the CPOE system it was routed
to the pharmacy computer system. A pharmacist processed the order by confirming the
clinical validity of it (‘Is it the right medication, dose, route, frequency for the purpose and
patient indicated?’), and by creating the schedule. The schedule typically followed what the
physician ordered, customized as necessary based on the patient’s needs, the forms in which
the drug was available (for example, perhaps a 20 mg tablet would need to be cut in half for
a 10 mg dose), and getting the doses onto the standard hospital schedule. For example,
sometimes a physician ordered a medication for ‘now, and then twice a day’. If the order
came through at 9:00AM, and the twice-a-day schedule was 10:00AM and 6:00PM, the
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patient would get two doses within 1 h. In this situation the pharmacist might skip the ‘now’
order and set up the schedule for ‘twice a day’ to get the patient onto the standard schedule.

Intersection—As a result of pharmacy processing, the medication materials (pre-filled
syringes, 1V bags, medications and other physical artifacts) were sent to the nursing unit and
a schedule was transmitted to the MAR. Prior to BCMA implementation a copy of the MAR
was printed for each patient every 24h that included an updated schedule of all the doses in
that time period of all the medications ordered for that patient. This printout was delivered to
the nursing unit, where the unit secretary placed it in a patient-specific binder. Nurses
referred to the MAR for planning purposes. For example, the nurse could see when
medications would be due for a specific patient and coordinate the timing for meds with
other tests or procedures to develop an overall plan for the day for that patient. Also, the
nurses used the MAR to guide specific medication administration activities, sometimes
bringing the MAR to the medication cabinet to ensure that the medications and doses
retrieved were accurate. Finally, the nurses wrote on the MAR to document the
administration of medications or any variances, such as a late dose.

After BCMA was implemented the intersection was changed by constraints imposed by the
system. Nurses could view orders in BCMA that had been entered by physicians, but could
not document administration of the medication until the pharmacy had verified the order.
This was frustrating for the nurses occasionally, but the pharmacy was typically quick in this
work. The pharmacists’ verification work was not changed significantly, but the output of
the scheduling process now went to the eMAR instead of being printed on paper. This
rendered the doses and schedules available for computational intervention by the BCMA
system, and such interventions were the source of several unintended (performed)
consequences.

Performative variations in the Case 1 intersection—The data we present on the
performative aspect of the medication administration routine revolve around a common
event encountered by nurses during administration: a ‘wrong dose’ alert. This frequently
came up when more than one pill was required to make up the dose, such as an order of 20
mg of a medication fulfilled by the pharmacy with two 10 mg tablets. Nurses were provided
little information on the fact that BCMA was designed to recalculate each dose based on
information in the order. At the time of administration, when the nurse scanned the first
tablet, a “‘wrong dose’ alert would appear because at that point the system only registered
that the nurse was about to administer 10 mg. When the nurse scanned the second tablet, the
alert disappeared. The effect of this led to new potential risks, in that nurses found that the
‘wrong dose’ alert could be safely ignored on a frequent basis.

Most notably, during the rollout, nurses were getting seemingly inexplicable “‘wrong dose’
alerts. Through the work of the IST, this issue was finally understood to be the ‘Rounding
Error’, a misalignment of decimal rounding between BCMA and the new Pharmacy
information system. When a medication was scanned, BCMA calculated the dose and
rounded the results to three decimal places. The pharmacy system rounded doses to only two
decimal places because, as one pharmacist put it, “you can’t draw up 3 decimal places [in a
syringe]’. When BCMA came up with a different number than the pharmacy system, which
produced the barcode labels, the alert was presented to the nurse. Most commonly
happening with pediatric patients and injectible doses, the alert initiated an investigative
process for the nurse, who had to confirm the content of the original physician order and
calculate the proper dose. Below, a pharmacist colleague emails the IST members to try to
clarify the complex problem (Box 1).
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In the email, Samantha also describes yet another source of a wrong-dose error. When
administering an oral liquid from a syringe prepared with a patient-specific label, a scan of
the barcode did not produce the actual amount being administered. Instead the amount
shown was the concentration of the drug (the amount of the drug per milliliter of solution).
The nurse was required to change the dose to the actual amount being administered. Reasons
were not given for this design, but Samantha tries to smooth it over by suggesting that the
nurses could think of it as a ‘good safety check’. The email at the end, forwarded by
Samantha, describes the nurse filling out a pharmacy form. This refers to a new process in
which the pharmacy placed a box on the nursing unit to collect packaging with barcodes that
did not work properly. This packaging, previously trash, was now important evidence to
submit to the pharmacy when a barcode produced the wrong result, or did not scan at all.
The ostensive and performative dimensions of the intersection — before and after BCMA
introduction — are depicted in Figure 5.

Mediation—The problem-solving activities of the IST related to the unintended wrong
dose errors highlight the ostensive and performative dimensions of the intersection between
medication administration and pharmacy dosing. To understand the ostensive dimension, the
group met frequently with pharmacy informatics staff, IT staff and the vendor. These
collaborators provided the IST with information on the intended interface between the two
information systems (i.e. how they should interact, based on what was known about the
technical interface). To understand the performative dimension, the IST mapped out the
‘behavior’ (as they referred to it) of the system in use. In one meeting, the IST and pharmacy
staff collaborated to test numerous combinations of order components (drugs, drug forms,
doses, etc.) to try to identify the factors producing the Rounding Error. Eventually, they
were able to specify scenarios that typically generated the alert, or the performative aspect of
the intersection. On the basis of the scenarios, the BCMA software was modified to suppress
the error message in cases that met specific criteria. Without the skillful expertise and
pattern-revealing collaboration of the IST, the discrepancy that constituted the rounding
error may not have risen to the attention of the IT staff developers.

In addition, the IST mediated the use of BCMA during this transition by training nurses to
recognize and manage the unintended consequence of the Rounding Error. They provided
information during training about scenarios that could produce the error and coached nurses
during go-live on how to identify and resolve the issue.

Case 2: Temporal coordination in medication administration

The second case deals with the intersection of the medication administration routine on a
given nursing shift with the medication administration routine on the next shift. Much of the
work of health care practitioners and managers has to do with preparing for the future. A
nurse may spend much of her day organizing a patient’s schedule for procedures, tests and
medications, documenting clinical observations and interactions with patient and family, and
otherwise planning for work (to be done by someone else) in the future. Therefore it is
essential that the planning and evaluation of new technology consider the impact of the
technology on temporal coordination.

Medication administration routine: coordinating across shifts—The ostensive
aspect of the medication administration routine before and after BCMA implementation is
described in Figures 3 and 4. Prior to BCMA, medications were ordered in the
Computerized Provider Order Entry (CPOE) system and were subsequently represented on a
pre-printed form, the MAR. This patient-specific document organized each dose temporally
across the page. Nurses documented information on the MAR in various ways, such as
circling the medication and noting the time given, or just writing the time given next to the
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dose. If the nurse made a mistake in documenting she could write ‘error’ and a small note to
explain. Documentation accomplishes several goals, including the production of a legal
document of the care given to a patient, a record that the nurse can refer back to later in a
shift if she needs to be reminded of a specific time or task, and a record for others to view,
including people in other roles taking care of the same patient (e.g. physicians or respiratory
therapists) and other nurses taking care of the same patient in the future. To coordinate with
nurses on subsequent shifts, nurses sometimes wrote more detailed messages on the MAR,
such as instructions for a lab test for drug levels in the blood that needed to occur on the next
shift, or advice on giving specific meds to certain patients (e.g. ‘patient will only take this
med mixed in applesauce’). Although it was considered an unorthodox use of the MAR and
not done by all nurses, the practice of writing instructions or messages to the nurse on the
next shift was a norm within a repertoire of possible actions that were considered acceptable
ways of communicating. With the implementation of BCMA the paper MAR was
eliminated, and with it the possibility of writing a note adjacent to a specific dose. The
design of the BCMA system was intended to replace the MAR with a module called the ‘e-
MAR’, which was purported to make documentation easier for the nurse. When the nurse
clicked ‘confirm’ after administering medications, all of the administrations were charted on
the eMAR automatically.

Performative variations in the Case 2 intersection—The reality of inpatient care is
that, with delays such as patients being off the unit for tests or treatment, asleep or otherwise
unavailable, nurses often must make adjustments to the schedule. Consider for example a
patient with a medication ordered for twice a day. This results in doses at 10:00AM and
6:00PM. If the patient is off the unit for a procedure and misses the 10:00AM dose, the
nurse must find a way to ‘stagger’ the patient back onto the standardized schedule, or
perhaps decide not to give that dose and document it as ‘Not given’. The nurse on the
following shift may interpret the situation differently and decide to try and give the dose to
the patient. With the eMAR, if the 10:00AM dose has been charted as ‘Not given’, the nurse
is unable to document against that dose. She may choose to give the 6:00PM dose early, and
plan to give another one later that night, at which point she must give the next day’s
10:00AM dose. This practice occurred frequently and was referred to as ‘stealing doses’.
The eMAR was therefore less flexible than the paper MAR, forcing specific doses into
categories. In this case, once charted as ‘Not given’, the first 10:00AM dose could not be re-
documented as a dose that was given. This phenomenon, easily dealt with using a note in the
paper world, strained relations across shifts and necessitated many pharmacy interventions
to balance the doses.

The nurses had been accustomed to coordinating work across shifts using the flexibility of
the paper MAR. They used the MAR to write notes to the nurse on the next shift, including
comments about a particular dose (missed, late, refused, etc.) and notes of advice and
information about the patient. ‘Stealing doses’ represents a disruptive effect of the loss of
the paper MAR as a coordination tool and the inability of the eMAR to accommodate a
flexible dosing schedule. The ostensive and performative dimensions of the temporal
intersection of the medication administration routine are summarized in Figure 6.

Mediation—IST members developed an understanding of the issues related to dose
documentation and flexibility, augmenting their individual experiences as nurses with
substantial time spent on patient units observing and working with nurses. This experience
helped to inform the BCMA training curriculum, as the training classes were taught by IST
members who were actively supporting the go-live. Through this connection between
support and training, problems seen in the rollout could be communicated to new users
along with potential workarounds or explanations that helped avoid the problem in the next
unit going live. The problem-solving activities of the IST in this case also included working
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with IT to develop a workaround in the computer system that enabled nurses to create a
special type of “order’ (similar to a physician’s order, but from nurse-to-nurse) to
communicate medication instructions. The medication instructions order was visible to the
nurse in the CPOE system, along with all of the other orders (e.g. medications). The
workaround was not frequently used because the instructions order appeared in the CPOE
system, not on the eMAR with the relevant dose. The nurse had to notice the instructions,
and then go into the eMAR to find the particular dose(s) to which the instructions referred.
This ‘solution” was therefore missing the situatedness that characterized the previous
practice of a note written adjacent to a dose on the paper MAR. As a result, nurses began to
rely more heavily on the verbal, face-to-face shift report for communicating instructions to
the nurse on the next shift. Ultimately mediation, in this case, failed to produce a
technological solution to the problem, but did succeed in making nurses aware of the need
for reliable forms of shift-to-shift communication.

Case 3: Medication administration and management oversight

The third case deals with the intersection of the medication administration routine and one
routine for management oversight. The methods of enforcement of clinical policies vary
widely among managers. The implementation of new technology offers opportunities to
count, measure and report on elements of work that are captured (accurately or not) by the
system. This case focuses on the clinical policy related to ‘late’ medications.

Management oversight of medication administration—There are many clinically
acceptable reasons for a medication to be given late. Examples include the patient being
unavailable (e.g. away from the unit having a procedure) and the patient being asleep (in the
case of an optional or non-urgent medication). Just prior to BCMA implementation, a
decision was made to extend the window of on-time dose administration to 1h before and 1h
after the scheduled time. Previously, a dose had been classified as ‘early’ or ‘late’ if it were
given 1/2h before or 1/2h after the time scheduled on the MAR.

Intersection—Before BCMA, nursing managers had minimal data to work with when
assessing a nurse’s ‘performance’ regarding on-time medication administrations. Busy
managers would have had to examine numerous doses documented on paper MARS to
identify any pattern, therefore, oversight of medication administration timing had
historically been minimal. With the implementation of BCMA came the ‘Overdue
Medications Report’, flagging doses that were overdue. The report, which listed the patient,
medication and ordered time, could be run for medications that were 1-8 h overdue, or 10—
48 h overdue. During the early phases of the implementation, nursing managers were
experimenting with multiple reports and formats to determine what was useful; the ostensive
aspect of the new routine for management oversight of medication administration was
therefore undetermined and shrouded in mystery.

Performative variations at the Case 3 intersection—The nurses were concerned
about this new ostensive element, which they perceived as a performance indicator. In
addition, given the deployment of numerous informatics staff to observe, evaluate and tweak
the implementation, nurses may have felt as though they were under surveillance. Nurses
adapted by overusing the ‘Not given’ documentation to take medications off the list of
active orders and thus off the Overdue Medications Report. However, if the dose was
removed using ‘Not given’ documentation, and then the nurse wanted to give it at a later
time, she would need to document it on the next dose in the schedule, which then was
registered as stealing a dose (see Case 2 above). Figure 7 summarizes the ostensive and
performative dimensions of this intersection.
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Mediation—The IST members, as nurses, understood the nurses’ desire to avoid ‘Overdue’
medications and used several strategies to bring nursing practice more in line with
requirements of the tool. At the policy level, the team facilitated a name change to
‘Outstanding Medications Report’, which helped remove some of the stigma of having
medications published as ‘Overdue’. The IST also engaged in an extensive educational
campaign to try to convince the nurses that they were not being judged for having a late
medication (whether they were or were not being judged was not confirmed in our data) and
remind the nurses that there were many valid reasons for a medication being late. They
trained the nurses to use other documentation categories to address off-schedule doses
without using ‘Not given’. In this way, the IST members relied on their clinical and social
experience as nurses to understand the goal the nurses were working toward (minimizing
‘Overdue Medications’), to transform the BCMA artifact (changing the title of the report)
and to realign the nurses’ clinical priorities. These excerpts from the IST manager’s email to
the team illustrate the goals of mediation in this case (Box 2):

Our data on the metastructuring of the intersection between medication administration and
management reporting reveal ostensive and performative aspects of this intersection. The
BCMA system was capable of producing 13 management reports, including data
summarized by: patient, department, specific medication types (for example, controlled
substances such as narcotics) and others. The organization did not go into the rollout of
BCMA with a specific set of reports selected for use. Instead the system was rolled out, and
managers assessed the value of various reports. This is a case of the ostensive aspect of the
management reporting routine being undetermined at the time the technology was
implemented, purposefully allowing for the performative dimension of the routine to shape
the structure of the intersection between medication administration and management
reporting. As the data became available and reports began to circulate, it became clear
through the problem-solving work of the IST that nurses were reacting to the Overdue
Medications Report by inappropriately documenting late doses as Not given, which then
resulted in stolen doses downstream. The IST facilitated the change to the report, a
metastructuring activity at the intersection, with the hopes of affecting nursing performance
at that intersection (i.e., medication administration with awareness of management reporting
structure).

Discussion

The results of our analysis are summarized in Table 2. These findings have both theoretical
and practical implications.

Theoretical implications

Ostensive and performative dimensions of intersections

Research has established the existence of ostensive and performative dimensions of
organizational routines (Feldman & Pentland, 2003). Our findings reveal that intersections
among organizational routines also can have ostensive and performative dimensions. For
example, prior to the implementation of BCMA, the ostensive aspect of the intersection
between medication administration and Pharmacy Verify/Schedule (Case 1) was inscribed in
the paper MAR, while the performative dimension was comprised when the nurses
administered a dose through following the guidance of the MAR. Similarly, the ostensive
aspect in the initial version of the temporal intersection between medication administration
routines (Case 2) was detailed in the nursing documentation software, with the performative
aspect comprising verbal communication supplemented by occasional notes hand-written on
the MAR printout. The final case involved the management oversight routine, which
entailed a manifestation of the ostensive aspect of numerous organizational routines that
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Feldman & Pentland (2003, p. 106) would refer to as accounting. The interaction between
the management oversight routine and the medication administration routine was initially
constituted ostensively by documented hospital policy on the window of early and late
medication administrations. Performatively, the policy was not strictly enforced on a large
scale; however, nurses did, with knowledge of the policy window, note administration times
on the MAR in their administration routine.

Unintended consequences of new technology introduction

Information technology’s capacity to codify ostensive aspects of a routine is quite powerful
because digital texts can be quickly, and easily replicated across time and space, with the
result that changes to such representations ripple swiftly across and through intersections of
routines. Our findings indicate that the introduction of new IT can therefore bring previously
stable ostensive and performative aspects of an intersection out of alignment, and thereby
result in unintended consequences. Although some of the ostensive aspects of the original
intersections were already encoded in software, the changes wrought by introduction of the
new BCMA system highlight how the increasingly fine-grained specification entailed by IT
development can lead to the newly revised ostensive dimension of an intersection being out
of alignment with pre-existing performative aspects. This view of the impact of new IT on
previously stable ostensive and performative aspects of intersections offers a fresh
perspective on the “intertwined’ (Becker et al, 2005) social and technical aspects of routines.
It extends previous work that characterizes relations among routines as ‘embeddedness’
(Howard-Grenville, 2005) by highlighting that the intersection itself is the site of structured
work practices that suffer unintended consequences when changes made to one routine
propagate to others, refracting at the intersections.

For example, in Case 1, BCMA replaced some aspects of the prior performative dimension
in ways that no longer jibed with remaining performative aspects, thereby leading to
disrupted performances of those intersections — that is producing several types of erroneous
dose error messages such as the ‘rounding error’. In the health care industry, computer
applications experience long lives through acquisitions and mergers of software companies,
resulting in software code that may have been developed long ago and far away from the
current implementation. This distance in time and space between the developer and the user
supports an agentic characterization of the tool (Leonardi & Barley, 2008), in that there may
be little understanding among the humans (users and IT professionals) as to why events such
as erroneous dose errors occur, and which aspects of the system(s) involved are implicated,
thereby contributing to unintended consequences, and it also accentuates the need for and
value of TUM mediators.

In Case 2, the temporal intersection of medication administration routines, multiple methods
were initially used to communicate medication instructions to the nurse on a future shift. As
the BCMA system was introduced, the ostensive dimension of the intersection was altered
by the elimination of the paper MAR, and with it went the ability for nurses to leave a note
adjacent to a specific dose. This case adds to previous research on technology’s role in
temporal coordination in health care (Bardram, 2000; Xiao, 2005; Reddy et al, 2006) by
highlighting the effect of technological change on the practices of coordination.

Data in Case 3 revealed that the BCMA technology altered the nurses’ perceptions of the
consequences of a late administration through its production of the Overdue Medications
Report that, for the nurses, represented potentially unwarranted reprisals, leading to further
unintended consequences of inappropriate documentation on doses not given and
downstream problems with future doses. The employment of a practice-based analysis
(Feldman & Orlikowski, 2011) enabled exploration of the changes in the enactment of
significance (Beynon-Davies, 2010): we found that the BCMA altered the meaning of
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‘medication administration’ for the nurses by introducing the potential threat of task-level
surveillance of their work by management. Linking such a meaning-centered analysis to the
phenomenon of computer workarounds should enable improvements in implementation
design, particularly related to management and policy actions (Azad & King, 2008).

TUM as corrective to misalignment of ostensive and performative aspects of intersections

Finally, our study highlights the role of mediators as problem solvers at the intersections of
routines, and the methodological utility of focusing on TUM activities as a window into
organizational routines. This approach can complement existing research that homes in on
technology design and user behavior such as Goh et al (2011). The data from the cases
presented here allow a distinction to be drawn between problem-solving activities and
activities that constituted metastructuring. Whereas problem-solving activities were oriented
toward identifying causes underlying negative unintended consequences, metastructuring
was oriented toward reconciling the ostensive and performative aspects of the routine
intersections to eliminate those problems, through “influencing users’ understandings,
altering technological features ..., modifying institutional policies, and facilitating access to
... technology’ (Orlikowski et al, 1995).

Data collection initially focused primarily on problem-solving activities, and then extended
to observing resultant actions to modify human or material structures to improve the
effectiveness of routines. An example of the IST identifying root causes of negative
unintended consequences is in Case 1, where the IST’s work homed in on the intersection
between pharmacy and medication administration, starting with an understanding of the
ostensive aspect of the two routines and their intersection. The IST members examined
many performances of the routine and conducted simulations to understand the triggers of
certain ‘behaviors’ (as they described it) of the BCMA system that produced the erroneous
alerts, until the source of the ‘unintended consequence’ was found (i.e. the mismatch in dose
rounding between the BCMA and pharmacy systems). In this way, the IST not only
participated in identifying the problem, but in conceptualizing the solution, which was not a
simple change to the rounding scheme of one of the systems, but instead an algorithm that
suppressed the error in certain cases. If the IST problem-solving mediators had not pursued
the ‘wrong dose’ issue in Case 1, the discrepancy would likely have been obscured by the
work of nurses who are expert at ‘making do’ with systems (such as monitors, infusion
pumps and computer systems) that do not work well together, and who might still be
wondering why they sometimes get an erroneous wrong dose alert.

Attention to these intersections of (deeply embedded) routines harks back to Les Gasser’s
work on ‘intersecting task chains ... a production lattice’ (1986, p. 210), in which he noted
the importance of articulation work (Strauss et al, 1985) for managing conflicts at the
intersections. Our additions to this include calling attention to the value of having dedicated
personnel focused specifically on doing this articulation work during new IT system
implementation, and that focusing research on the work of these mediators helps clarify the
aspects of articulation work, such as computer workarounds (Azad & King, 2008), that can
and should be eliminated or streamlined through improvements in technological
infrastructure.

With regard to metastructuring activities, we found they were undertaken to bring ostensive
and performative aspects of routine intersections back into sync, either attempting to modify
the ostensive aspect directly (as with written policies or computer programs), or to induce
changes in performative aspects through influencing how practitioners did their work.
Examples of the former were evident in Case 2, developing a new electronic “order type’,
and in Case 3, where the IST modified institutional policy by facilitating the expansion of
the on-time window to 2 h and renaming the report. Examples of the latter include training
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and coaching nurses to recognize the rounding error (Case 1) and educating nurses on the
clinical validity of ‘overdue’ medications in certain situations (Case 3). It should be noted
that efforts to influence performance were not always effective, as for example in Case 2,
when the nurses did not make substantial use of the technological workaround, because the
clinical value of locally situated hand-written notes on paper was not matched by the new
(electronic) order type.

Practical implications

The distinction between training users on new technology and truly integrating new
technology safely into everyday practice is significant in industries that deal with substantial
risks to human safety, such as health care. We therefore anticipate several significant
practical implications of our work.

Highlighting differences between performative and ostensive aspects of routines and their
intersections helps health care managers recognize that making changes to the ostensive
version of a routine or intersection of routines does not automatically carry over to
corresponding performative dimensions of routine intersections. Codifying the ostensive
aspects of a singular routine with IT can improve safety, for example, by explicitly
constraining the dose of a drug that can be prescribed to a patient — a performance
traditionally carried out by a single physician in a relatively independent (i.e. unembedded)
manner. By comparison, the routine administration of medication is a type of performance
intertwined with many other organizational routines involving artifacts such as pills, IV
pumps and locked medication cabinets, as well as intimate physical interaction with the
patient, and other factors that limit the information system’s influence over the event.

Thus a change to the ostensive aspect of a deeply embedded routine through the
implementation of new IT is more likely to bring previously stable ostensive and
performative aspects of an intersection out of alignment, and thereby result in negative
unintended consequences. These issues became visible in our data through our focus on
problem-solving work of the IST.

The organization we studied had invested substantially in the IST, which brought value to
the BCMA implementation through rapid identification and resolution of problems. Such
teams can employ a range of metastructuring techniques to address technology introduction
problems, including altering the technology, changing clinical practice and workflow, and
educating the nurses on the new concepts and tasks they need to understand in order to
safely integrate the technology into everyday work. It is not incidental that all members of
the IST had clinical nursing experience. Having taken care of patients and experienced the
challenges of clinical coordination themselves, the IST members were able to appreciate the
nurses’ competing goals and to imagine ways to integrate the new goals created by BCMA
into the existing work. This is illustrated in Cases 2 and 3 by their attention to the detailed
work of coordinating patient care across shifts: IST members used their subjective
experiences as nurses to engage with the complex nexus of issues related to (1) coordinating
dose timing (“stealing’ doses) and (2) communication of advice and instructions to the next
shift at the intersection of the medication administration and management reporting routines.

Organizational managers may therefore want to more seriously consider investing in
professional TUM teams such as the IST. At the same time, it is also important for IT
system developers to learn about performative aspects of routine intersections, not just
follow institutionally sanctioned directions to automate individual routines as if they were
not organizationally embedded. Furthermore, we also suggest that managers can benefit
practically by focusing on the role of mediators and their problem-solving activities at the
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intersections, as this provides a particularly effective approach to identifying ‘organizational
levers’ (Feldman & Orlikowski, 2011) that can be used to bring tools and practices into
better alignment.

In sum, we find that scholarship and practice in the implementation of new information
technologies can benefit from more closely examining the relationship between routines,
new technology and organizational change. More specifically, research that relies on
theories of organizational routines to examine the coordination of tasks and information
across roles or groups will benefit from more closely attending to the intersections through
which routines are organizationally embedded. A similar orientation to routine intersections
should also prove useful for improving work analysis tools, which can aid IT system design
and development by better anticipating consequences of new technology for users. And as
suggested above, we contend that the role and value of mediators during the introduction of
technology should be regarded as a potentially significant resource for both theory
development and practical outcomes.

Conclusion

Much of the work of organizations occurs at the intersection of organizational routines, and
routines have been theorized extensively in the organizational literature. However, the
impact of change on routines brought about by the implementation of new IT is not nearly as
well theorized. Even less attention has been paid to the activities and structural dimensions
that characterize the relations among established routines. In addition to its centrality within
modern health care organizations, medication administration is a routine that is rife with
variability among actors, artifacts and unanticipated temporal and situational contingencies,
and as such affords an extreme case for the study of IT and routines. Here we studied the
impact of new technology for medication administration on this routine as it intersects with
other routines, with attention to the ostensive and performative aspects of the intersections.
Through following the connections and activities of technology use mediators, we were able
to closely examine sites of interaction and articulation work traditionally overlooked by IT
developers and theorists of organizational routines.

This research makes three key contributions. First, this study highlights the importance of
intersections among established organizational routines, and the ostensive and performative
dimensions of those interactions. Second, the study demonstrates that the implementation of
new IT can bring previously stable ostensive and performative aspects of an intersection out
of alignment, and that this misalignment can result in negative unintended consequences.
Finally, the study highlights the role of mediators as problem solvers at the intersections,
and reveals the utility of focusing on their metastructuring activities as a window into
organizational routines.

A key limitation of this work is the characterization of ‘intersections’ among routines as a
two-dimensional relationship. In reality, each routine may intersect with multiple other
routines at the same time, and with different phases of itself at different times. However, the
concept of intersections provides an analytical lens for examining situations in which the
ostensive dimensions of more than one routine are involved in structuring the actions of
human and material agents, and the consequences that may emerge when changes are made
in one routine, relative to the others. Further research may elucidate more sophisticated
models of intersections and embeddedness that can inform both organizational and
technology design.

Future research on structuring in routine intersections may thus enable better prediction of
the potential impact of new technology on existing routines and their intersections —
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including intersections that are upstream, downstream and adjacent to the immediate tasks
being automated. Moreover, consideration of communication strategies and other
performative aspects of these intersections should lead to improved technology design,
especially in fields such as medical care where high reliability is crucial, as these
developments can have significant impacts improving safety for both practitioners and
patients.
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Box 1

To: [Informatics Support Team]

From: Samantha [pharmacy informaticist]
Please note and share with staff:

Oral liquids drawn up by pharmacy will not scan as the patient’s dose, unless the
patient’s dose happens to be the same as the concentration of the oral liquid. This applies
to [pharmacy system] barcoded patient-specific oral syringes. These will scan as the
concentration of the drug. It might be different based on the billing increment the
pharmacy is using to charge for these meds. In this example [from forwarded email]
below, ursodiol scans as 25 mg/ml. Others, for example, amoxicillin may scan as 250
mg/5 ml.

When the nurse customizes the dose to 80 mg ... and presses enter, the incorrect amount
warning goes away. This is working as designed. Although it would be ideal for it to scan
as the patient’s dose, think of it [as] a good safety check for the nurse to look at the oral
syringe in hand and double check the dose, volume, and label and then customize the
dose. Please continue reading below ...

If you have a medication (oral or injectable) where the incorrect amount warning does
not go away after customizing the dose, this is an example of a problem with the
‘rounding’ error. The pharmacy system rounds to two decimals. Depending on the
patient’s dose and the concentration of a medication, the true volume calculation could
extend beyond two decimals.

For example,

Toradol 8 mg V. Nurse is drawing up 8 mg from a 30 mg/ml vial. 8 mg = 0.26666666
ml. That is not possible to draw up so we round that volume to 0.27. However, [BCMA]
does not round to only two decimals and the incorrect amount warning does not go away
once the dose is customized to 8 mg.

NOTE: This is an example of a ‘rounding’ problem med that needs to be sent to
pharmacy support. It is possible we will be able to add specific meds to a table so
[BCMA] does not consider the volume (although the volume will still display), and it
will allow the incorrect amount warning to go away.

Please let me know if you have any questions!
Thanks,

Samantha [pharmacy informaticist]

[from forwarded email]

Patient Samuelson in 12B — Med not scanning correctly. Actigall/Ursodiol scanned as 25
mg but the actual amount being scanned was 80 mg, which matches the patient specific
barcode. The nurse corrected, annotated and followed the procedure. She also filled out
the pharmacy form and stuck the barcode label on the back of the form
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Figure 1.

The intersections of organizational routines can have ostensive and performative
dimensions, visible in the expectations and actions of participants in each routine.

Routine A

Routine B

Ostensive dimension

*Abstract descriptions of interaction between A
and B as it is understood by human participants
*Computerized process as described in
software and interface documentation

Specific performances of the interaction
batwean A and B reveal workarounds, forgotten
tasks, areas of flexibility and rigidity, software
coding inconsistencies and assumptions that
lead to unintended consequences

Performative dimension
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CPOE: Computerized Provider Order Entry
BCMA: Barcode Medication Administration
EMR: Electronic Medical Record

Figure 2.
BCMA in closed loop medication management.
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Ostensive representation of the medication administration routine before the implementation

of BCMA.
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Ostensive representation of the medication administration routine after the implementation

of BCMA.
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Medication
Administration

Pharmacy
Verification &
Scheduling

Before BCMA

Ostensive dimension

*Pharmacist verifies order and sets up dose
hedule in Ph ¥
*Schedule automatically printed on paper MAR
*Nurse consults and documents on MAR when
administering meds

Examples of variances from process

*Nurse calls pharmacy to alter schedule to fit
patient’s other activities, meds, meals, etc.

*Nurse unable to give medication on schedule,
makes note on paper MAR

Performative dimension

After BCMA

Ostensive dimension

*Pharmacist verifies order and sets up dose
hedule in P v P
*Schedule automatically updates eMAR
*Administration is documented on eMAR when
nurse performs scanning of meds and patient

Example of variance from the process
Inappropriate wrong dose error results from:

= decimal mismatch

* full dose not being scanned

* injectible dose needs to be customized by nurse

Performative dimension

Figure5.
The ostensive and performative dimensions of the intersection between medication

administration and pharmacy verification and scheduling were altered with the
implementation of BCMA.
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Med Administration
Shift A
E m
g
2
2
=
Before BCMA After BCMA
Ostensive dimension Ostensive dimension

*Printed Med Administration Record (MAR)
contains schedule of each dose

*Nurse gives each dose according to the
schedule

Examples of variances from process

Nurse unable to give medication on schedule,
makes note on paper MAR e.g. med not given or
actual time of admin, patient vomited, etc

Performative dimension

*eMAR contains schedule. Nurses scan patient and
medication, click “confirm” and administration is
documented at the current time.

*Medications given late or not given are
documented with a drop down list of reasons.

Example of variance from process

*Nurses documented meds not given on time as
“Not Given”, resulting in inability to document on
that dose at a later time if the med was given.
Nurse inappropriately documents on the next dose,

Performative dimension

Figure6.
Ostensive and performative dimensions of the temporal intersection of medication

administration before and after BCMA.
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Management
Oversight

Medication
Administration

Before BCMA

Ostensive dimension

Minimal detailed oversight of medication
administration timing. Nurses’ knowledge of
early/late window influences written
documentation of administration times

Examples of variances from process:

*Nurse unable to give medication on schedule,
makes note on paper MAR e g. med not given or
actual tme of admin, patient vomited, etc

Performative dimension

After BCMA

Ostensive dimension

=Oversight Is variable among nursing managers,
who are learning the new reports.

*During rollout, others [i.e. informatics staff)
discuss the reports and bring them to
management attention,

Examples of variances from process:

*Nurses, now concerned about “overdue”
medication administrations, document meds not
given on time as “Not Given”, resulting in
downstream problems if the dose is given later,

Performative dimension

Figure7.
Ostensive and performative dimensions of the intersection between the medication
administration routine and a routine for management oversight.
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Table 1

Key terms

Page 29

Key term

Example from this study

Organizational routines. ‘Repetitive, recognizable patterns of interdependent
actions, carried out by multiple actors’ (Feldman & Pentland, 2003).

Ostensive dimension of routines. Abstract descriptions or understandings of
routines (Feldman & Pentland, 2003).

Performative dimension of routines. Specific performances of the routine by
individuals or groups (Feldman & Pentland, 2003).

Intersection of routines. Site of structure and action where two or more routines
come together (Howard-Grenville, 2005).

Metastructuring. Second-order structuring where others routinely intervene to
influence technological attributes, users” understandings and interpretations, and
institutional policies (Orlikowski et al, 1995).

Problem solving. Activities aimed at revealing the sources or causes of negative
unintended consequences, including resultant actions to modify social or material
structures to improve the effectiveness of routines.

Medication administration.

Flowchart of medication administration process.
Administrations of medications to specific individuals.
Intersection of medication administration and pharmacy

verification/scheduling.

Changing policy to increase the window of on-time
medication administration to allow for longer
administrations with the new system.

Identifying scenarios that produced the ‘rounding error’ of
dose calculation between the two interfaced systems.
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