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Abstract Resilience, the ability to adapt or absorb

disturbance, disruption, and change, may be increased

by team processes in a complex, socio-technical system.

In particular, collaborative cross-checking is a strategy

where at least two individuals or groups with different

perspectives examine the others’ assumptions and/or

actions to assess validity or accuracy. With this strat-

egy, erroneous assessments or actions can be detected

quickly enough to mitigate or eliminate negative con-

sequences. In this paper, we seek to add to the under-

standing of the elements that are needed in effective

cross-checking and the limitations of the strategy. We

define collaborative cross-checking, describe in detail

three healthcare incidents where collaborative cross-

checks played a key role, and discuss the implications

of emerging patterns.

1 Introduction

There is a growing consensus that resilience, the ability

to adapt or absorb disturbance, disruption, and change,

may be increased by team processes in a complex, so-

cio-technical system (Hollnagel et al. 2006; Rasmussen

1990; Weick et al. 1999). The concept of resilience is

founded upon the belief that failures are breakdowns

in the normal adaptive processes necessary to cope

with the complexity of the real world and that success

relates to organizations, groups and individuals who

produce resilient systems that recognize and adapt to

variations, changes and surprises (Rasmussen et al.

1994; Cook et al. 2000; Woods and Shattuck 2002;

Sutcliffe and Vogel 2003).

This body of work has led to the emergence of

techniques for Resilience Engineering (Hollnagel et al.

2005; Cook and Rasmussen 2005). Resilience Engi-

neering focuses on what sustains or erodes the adaptive

capacities of the human–technical system in a changing

environment. The focus is monitoring organizational

decision making to assess the risk that the organization

is operating nearer to safety boundaries than it realizes

in response to pressures to be ‘‘faster better cheaper.’’

More generally, an organization has levels of adaptive

capacity that needs to meet or exceed a wide range

of environmental pressures and demands (Westrum

2006). Studies of how systems are resilient and how
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breakdowns in resilience occur have begun to show

how to measure and improve system safety (e.g., Car-

they et al. 2001; Patterson et al. 2002; Woods 2005;

Miller and Xiao 2006).

These studies point to collaborative cross-checking as

a critical component of resilience because erroneous

assessments or actions can be detected quickly enough

to mitigate or eliminate negative consequences. Studies

of problem detection in aviation and nuclear power

both found that mis-assessments of the situation at hand

were only corrected when fresh perspectives entered

the situation (Woods et al. 1987; Sarter 2000). Problem

detection is challenging because it often requires rec-

onceptualizing the situation from a different stance and

experience base (Klein et al. 2005; Klein 2006).

The findings regarding the effectiveness of collabo-

rative cross-checking are mixed in the literature. On the

positive side, the inclusion of pharmacists during phy-

sician rounds was associated with fewer adverse drug

events (Leape et al. 1999). Similarly, interdisciplinary

rounds with the entire care team in a Surgical Intensive

Care Unit (SICU) was associated with decreased mor-

tality, increased patient satisfaction, and increased

quality of work life (Uhlig et al. 2002). Cross-checking

through machine critiquers in blood banking also en-

hanced performance even in situations where both the

machine advisor and the human practitioner had great

difficulties performing alone (Guerlain et al. 1999). On

the negative side, routinized cross-checking, particu-

larly when effortful attention is required and the base

rate for problems is low, is rarely effective, often re-

ferred to as the ‘‘vigilance decrement’’ (Williams 1986).

A number of studies have found that having two

observers perform a monitoring task does not neces-

sarily lead to improved performance (e.g., Erev et al.

1995). Similarly, handoff strategies are an important

concern today because well-designed handoffs can

increase resilience whereas poorly designed handover

processes can contribute to adverse events (Cooper

et al. 1982; Patterson et al. 2004; Behera et al. 2005).

In this paper, we seek to add to the understanding of

the elements that are needed in effective cross-check-

ing and the limitations of the strategy. We define col-

laborative cross-checking, describe in detail three

healthcare incidents where collaborative cross-checks

played a key role, and discuss the implications of

emerging patterns.

2 Distinctions in collaborative cross-checking

Collaborative cross-checking is a strategy where at least

two individuals or groups with different perspectives

examine the others’ assumptions and/or actions to as-

sess validity or accuracy. These perspectives can differ

on a number of dimensions, including goals, responsi-

bilities, functions, authority, stance, expertise, re-

sources, methodologies, and knowledge or information

of various types. The primary intent of a collaborative

cross-check is to detect an erroneous assessment or

action, although a number of other benefits may be

realized. Collaborative cross-check interactions incur

costs such as interruptions, increased cognitive work,

increased complexity resulting from changes to plans,

diffusion of responsibility, and coordinative costs such

as identifying and scheduling appropriate individuals.

2.1 Scope of change following collaborative cross-

checking

A cross-checking interaction can result in changes to

activities and outcomes. The anticipated scope of

change stemming from a coordination event is largely

determined by the relationship between the partici-

pating individuals or teams. Distinctions in relation-

ships include:

(1) Asymmetric hierarchy and expertise with similar

perspective (e.g., attending physician and resi-

dent physician).

(2) Asymmetric expertise, non-hierarchical with

similar perspective (e.g., mentor and mentee).

(3) Symmetric expertise with similar perspective:

(a) Same time (e.g., resident physicians reporting to

the same attending physician with different pa-

tients during the same shift).

(b) Different times (e.g., handoff from resident

physician to resident physician).

(c) During escalating situations (e.g., nurse provides

aid to another nurse in ‘‘on-call’’ manner).

(4) Functionally distinct, overlapping roles:

(a) Anomalous situations (e.g., code team and

nurse).

(b) Situations requiring specialized expertise (e.g.,

cardiologist physician and internal medicine

physician).

(c) Nominal situations (e.g., physician and nurse

caring for the same patient).

(5). Weakly defined role relationships

(a) Integration resource (e.g., case manager).

(b) ‘‘Floater’’ resource (e.g., Clinical Nurse Special-

ist).

(c) Cross-cutting functional resource (e.g., patient

safety officer).

Although the extent of receptivity to changes to

ongoing and future plans following a cross-checking
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interaction is somewhat predictable based on these

relationships, in practice there is immense variability.

People in leadership positions impact social norms for

receptivity expectations, whether or not they partici-

pate directly in collaborative cross-checks. In addition,

individual differences and social relationships contrib-

ute to variability.

Note that the actual change and perceived change,

often as portrayed in official documentation, following

a collaborative cross-check can differ. In many situa-

tions, changing a plan following an interaction is posi-

tively rewarded. In these cases, the scope of change

might be exaggerated in official documentation. In

other situations, a large scope of change might imply

that prior plans were erroneous, which might negatively

impact reputation. In these cases, the actual change

may be larger than what is officially documented.

2.2 Short-term and long-term benefits

of collaborative cross-checking

The primary intent of a collaborative cross-check is to

detect an erroneous assessment or action in the short

term. Nevertheless, a number of other benefits may be

realized, including improved plans and ‘‘second order’’

adaptations that improve system resilience over the

long term.

Regarding improvements to ongoing and future

plans, the following short-term benefits could poten-

tially be realized:

(1) reveal hidden assumptions;

(2) clarify goal trade-offs;

(3) explore new regions of a solution space to satisfy

competing goals;

(4) identify unintended consequences of actions

(‘‘side effects’’);

(5) identify exceptions and ‘‘boundary conditions’’;

(6) identify possible contingencies;

(7) identify information gaps;

(8) identify influential people who might support or

obstruct plan.

In addition, coordination might be improved by a

collaborative cross-check, even when no erroneous

assessments or actions are detected. Short-term coor-

dination benefits may include:

(1) Improved ability to distribute tasks among indi-

viduals or groups to reduce redundant efforts and

fill gaps in knowledge.

(2) Increased awareness of perspectives of other

individuals and groups (i.e., calibrated ‘‘common

ground’’).

(3) Increased awareness of others’ needs for infor-

mation to promote timely information updates

and better anticipate interaction requests.

(4) Improved ability to anticipate changes to others’

perspectives when situations change.

(5) Reduced coordination costs for future meetings,

such as by improved ability to anticipate sched-

uling conflicts.

Finally, collaborative cross-checks may prompt

investment in long-term system adaptation, ultimately

increasing system resilience over a longer period than a

single instance. Interestingly, these adaptations may

reduce the benefits of individual cross-checking inter-

actions by removing or reducing system-level con-

tributors to erroneous assessments and actions. For

example, a hospital might find that calls to rapid re-

sponse teams (RRTs) to identify which patients are

likely to suffer cardiac or respiratory arrest gradually

reduce over time. Rather than signaling a reduction in

system resilience, however, these reductions could in-

stead indicate a transfer of specialized knowledge from

the RRT to the floor nurses, who then require the RRT

less frequently. Long-term ‘‘second order’’ benefits of a

series of cross-checking interactions might include:

(1) transfer of knowledge across perspectives;

(2) increased ‘‘meta-knowledge’’ of others’ perspec-

tives;

(3) increased ‘‘team identity’’ across previously dis-

tinct individuals or groups;

(4) improve coordination across ‘‘stovepiped’’ groups

in an organization;

(5) identify ineffective cross-checking strategies;

(6) system and training redesign.

3 Three incidents employing collaborative
cross-checks

An extant corpus of approximately 30 voluntarily re-

ported healthcare incidents, collected to explore a

broad set of patient safety issues, was reviewed. Three

cases were selected on the basis of collaborative cross-

checks playing a key role and firsthand experience with

the data collection.

3.1 Overview of cases

3.1.1 Case 1: chemotherapy overdose

In the first case (Table 1), an oncology fellow physician

erroneously substituted the medication navelbine for
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the intended etoposide during ordering. The patient

had a prolonged hospitalization with severe leuco-

penia.

3.1.2 Case 2: questionable heparin order

In the second case (Table 2), an order to initiate hep-

arin when a patient was planned to be discharged was

questioned, as well as the subsequent decision by an

on-call physician to verbally discontinue the order

without knowing the rationale for the original order.

There were no apparent negative impacts to the pa-

tient.

3.1.3 Case 3: erroneously labeled IV bag

In the third case (Table 3), a patient was administered

glucose via a bag that was labeled ‘‘bicarb’’. There

were several attempts to troubleshoot high glucose

levels, which eventually led to detection of the erro-

neous label. There were no apparent negative long-

term impacts to the patient.

Table 1 Cross-checking interactions during case 1

Cross-checking interaction Commentary

Attending cross-checks fellow physician (phone): Successful
Fellow: Plan is the same as an outpatient from the previous week

(administering navelbine on a weekly basis)
Possibly routine strategy for senior physician to first ask junior

physician for a plan, which is then critiqued
Attending: No, because the prior case was a non-small cell as

opposed to a small cell lung cancer case. Plan should be VP-16
(etoposide) 100 mg/m2 on days 1, 2, 3 and Carboplatin 6 AUC
on day 1, to be repeated every 3–4 weeks

Possibly common misconception that small cell and non-small
cell cancers are treated similarly

Pharmacist cross-checks oncology fellow physician (phone): Not successful
Fellow: I will order navelbine at 100 mg/m2 and Carboplatin 6

AUC to be given today
Embedded in hospital policy is a defense against cross-checking

by a pharmacist who does not specialize in chemotherapy
Pharmacist: The hospital policy does not allow initiating new

chemotherapy regimens on the weekends
Rationale for the hospital policy is not stated during interaction

Fellow: I discussed the case with the attending and it is critical to
administer the medications as quickly as possible

Fellow assumes that attending physician is aware of the policy:
therefore assumes that there is no new information from the
pharmacist (who has no specialized oncological expertise)
that would overturn decision

Pharmacist cross-checks fellow physician (phone): Not successful
Pharmacist: The package insert says that the standard dose is

30 mg/m2 for navelbine. Are you sure that you want
100 mg/m2?

Pharmacist cross-checks using package insert information
because pharmacist with chemotherapy expertise
was not home

Fellow: Yes Package insert included that navelbine is administered with
Carboplatin

Pharmacist cross-checks fellow physician (phone): Not successful
Pharmacist: I am giving the medications to the nurse to hang. Are

you sure that you want 100 mg/m2?
Asking the same question again resulted in the same response

Fellow: Yes New information was not conveyed (many bags required for the
dose, nurse asked pharmacist to call again because she was
not very familiar with the medication)

Nurse cross-checks fellow physician (phone): Successful (somewhat)
Nurse: I administered the navelbine. The patient is diaphoretic,

short of breath, and hypertensive. Do you want to hold the
carboplatin?

New information and suggestion of a specific action (hold
medication) prompted a change of plan

Fellow: Yes, hold the carboplatin Change of plan was later judged poor because side effects are
usually managed rather than halting a chemotherapy
treatment prior to completion

Physician unaware that nurse is relatively inexperienced with
chemotherapy medication

Incoming fellow cross-checks fellow physician: Successful
Incoming fellow (reviewing patient record): Navelbine is not the

right medication for this diagnosis, it is VP-16 (etoposide)
Person with one additional year of experience detected

substitution while reviewing medications in preparation
for taking over

Fellow: Discusses impacts, how to respond, discusses recovery
plan with attending and incoming fellow, attending informs
family

Once detected, easy to recognize erroneous action
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3.2 Collaborative cross-checks in case 1

The first case (Table 1) is a chemotherapy overdose

resulting primarily from erroneous substitution of a

medication name. The case was collected via a se-

quence of critical decision method interviews (Klein

1989) conducted individually with the oncology fellow,

oncology attending, pharmacist, and nurse. This case is

described in detail in Patterson et al. (2004).

3.3 Collaborative cross-checks in case 2

The second case (Table 2) involves a questionable

heparin order. This case was collected via direct

observation of an acute care nurse.

3.4 Collaborative cross-checks in case 3

The third case involves medication administration by a

nurse from an erroneously labeled IV bag. The IV bag

was mixed and erroneously labeled at the point of care

by a nurse from a previous shift because pharmacy

resources were overwhelmed. This case was collected

during a critical decision method interview with a

Clinical Nurse Specialist.

4 Discussion of emerging patterns for effective

cross-checking

Although no strong conclusions can be drawn from

three case studies, there are suggestive emerging pat-

terns:

1. Routinized collaborative cross-checks were not

very effective:

(a) All cases. Routinized physician and nurse veri-

fication of physician orders did not successfully

detect erroneous assessments or actions.

2. Some collaborative cross-checks helped to detect

and recover from erroneous assessments and ac-

tions, but specialized knowledge and interdisci-

plinary interactions were often involved:

(a) Case 1. Incoming fellow immediately detected

erroneous medication order when reviewing the

chart, but not the pharmacist or nurse who did

not have as much specialized knowledge of

oncology as other staff.

(b) Case 2. Patient detected that the order was

questionable, but the night nurse, the on-call

physician, the next nurse, and the nurse manager

could not adequately recover because they did

not access the physician who wrote the original

order in order to learn the intent.

Table 2 Cross-checking interactions during case 2

Cross-checking interaction Commentary

Pharmacy cross-checks physician order (software): Not successful
Physician order for starting heparin at 18 drops an

hour at 6 a.m. today was verified by pharmacy
and distributed to the ward

Routinized cross-checking strategy
Same strategy for every medication
High false alarm rate
Production pressure

Nursing cross-checks physician order (software): Not successful
Pharmacy-verified physician order for starting

heparin at 18 drops an hour at 6 a.m. today was
verified by Registered Nurse assigned as primary
caregiver to patient during the night shift

Routinized cross-checking strategy
Same strategy for every medication
High false alarm rate
Typically batch process verification of orders

Patient cross-checks physician order: Not clear
Patient did not want heparin started because he was

going to get a computed axial tomography (CAT)
scan and then go home that day. There is a hep-lock
and no order for a CAT scan. Night nurse did
not hang medication

No one knows intent behind heparin order
Hep-lock order indicates can get heparin
Patient reports CAT scan planned
No order for CAT scan
Nurse does not access physician who wrote order
Little support on night shift to answer questions

On-call physician cross-checks physician order: Not clear
Night nurse called on-call physician who said that he

did not know why heparin had been ordered and
that it’s OK not to give it (but did not cancel the
order in the software package)

On-call physician does not access physician who wrote order
Verbal decision not to give heparin does not match written order

Nurse manager cross-checks cancellation of order: Not clear
Nurse manager asks incoming shift of nurses

listening to audiotape: why are they starting
heparin on him today? No response from nurses
(resolution of discrepancy not observed; unknown
if patient should have received heparin)

Handoff from night nurse to day nurse
Nurse manager routinely listens to handoff updates (unusual)
Nurse manager asks error checking question
Unclear plan or responsibility for resolution
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(c) Case 3. The incoming nurse during the handoff

suspected a problem based on the high glucose

level, but did not detect the erroneous label. The

Clinical Nurse Specialist suspected a problem

but was only able to detect the erroneous label

following the decision of an interdisciplinary

team conference knowledgeable about the spe-

cific patient to employ a strategy to replace all

medications.

3. Benefits of collaborative cross-checks were not

always immediately realized:

(a) Case 1. The fellow’s decision to hold the car-

boplatin medication was likely influenced by the

cumulative effect of three cross-checks from the

pharmacist and one from the nurse.

(b) Case 3. The incoming nurse during the handoff

suspected a problem based on the high glucose

level and had been considering asking for help

from the Clinical Nurse Specialist ‘‘all day,’’ but

the erroneous label was not detected until some

time later.

4. Knowledge of ‘‘typical mistakes’’ might aid error

detection as well as serve as ‘‘red herrings’’:

(a) Case 1. Fellow and attending knew that it was

easy for first year fellows to confuse small cell and

non-small cell cancer treatments.

(b) Case 1. Pharmacist suspected the wrong dose,

which was more common than the wrong drug.

(c) Case 2. CNS conducted literature search to verify

that insulin dose was higher than used in other cases.

Table 3 Cross-checking interactions during case 3

Cross-checking interaction Commentary

Incoming nurse cross-checks outgoing nurse: Not successful
Outgoing nurse (face to face report): Unstable burn patient with

care efforts focused on improving respiratory status from
smoke inhalation. Patient has been running high glucose levels
(~500) for the last 3 h. She has increased the level of insulin
about 10 units/h for 10 h to try to get below 400. IV bag is
hanging with hand-labeled ‘‘Bicarb’’

Focus on respiratory status, not glucose levels

Incoming nurse: Why are you mixing bags by hand? Unusual method for mixing IV medications detected
Outgoing nurse: Because pharmacy was unable to keep up, I have

been mixing by hand bicarbonate and insulin
Slow dose increases add up to large changes over time
Fresh perspective triggers suspicion about glucose levels, but

not acted on until questioned by CNS
Clinical Nurse Specialist (CNS) cross-checks pharmacists: Successful (somewhat)
Pharmacy: We are running out of insulin in the main pharmacy.

Please alert the units to the problem until they can get
additional supplies

Pharmacy recognizes unusual situation but does not detect
erroneous substitution

CNS: How did this happen? Pharmacy ‘‘unable to keep up’’
Pharmacy: High usage by the burn patient Unusual request triggers CNS to get more information

CNS cross-checks outside official role
CNS cross-checks nurse: Successful (somewhat)
CNS: What’s going on with your patient? CNS starts troubleshooting high glucose levels
Nurse: I have been thinking about calling you all day because of

the difficulty in managing the glucose levels. I did not call
because I saw progress in the glucose falling from 500 to 400 in
the last few hours and our care efforts were focused on
respiratory status due to smoke inhalation. Since we are not
getting progress from the usual protocol steps in managing
glucose, can you give me a written plan of action?

CNS not responsible for other time-critical tasks

CNS: OK. She does literature search to confirm that insulin
dosage was very high. Arranges team conference with nurse,
physicians, pharmacists, and dietitian

Team troubleshoots unexpected response to high insulin doses: Successful (somewhat)
Team conference arranged with CNS, nurse, physicians,

pharmacists, dietitian. Team cannot identify reason for
patient’s unexpectedly low response to high insulin dose.
Group decision to replace all IV medications and solutions.
With no other changes in treatment, patient’s glucose falls
from 400 to 100 by 6AM the next day. Decided that best
explanation was that glucose was erroneously labeled IV bag
during hand mixing

Specific error not immediately detected
Generic ‘‘restart’’ strategy for IV medications/solutions
Time lag to detect change in glucose levels
Handoff to next nurse before normal levels
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(d) Case 3. It is unusual for nurses to mix and label

IV bags.

5. Cross-checks were employed by people outside

official roles and responsibilities, and who were not

consumed by production pressures:

(a) Case 1. The pharmacist called the hospital’s

pharmacist with expertise in chemotherapy even

though she was not working or on-call that day.

(b) Case 2. The nurse manager overheard the handoff

update that described the questionable order.

Although listening to handoff updates was a

routine strategy for this individual, it is an unu-

sual role for nurse managers in general. She

encouraged resolution of the questionable order.

(c) Case 3. The Clinical Nurse Specialist (CNS) con-

ducted a series of activities without being asked to

do so that ultimately detected the erroneous

labeling on the IV bag.

6. Strategies to render processes more observable

may increase resilience even when a specific erro-

neous assessment or action is not detected:

(a) Case 1. Senior physician first asked for the fellow

physician’s plan, critiqued it, and asked the fellow

to restate the new plan.

(b) Case 1. The incoming fellow physician reviewed

new medication orders for all patients after the

handoff.

(c) Case 2. Nurse manager overheard handoff up-

dates.

(d) Case 3. They ‘‘restarted’’ all medications when

the team could not explain the unusual patient

condition.

Overall, these findings confirm that collaborative

cross-checking can enhance system resilience. They

also confirm that routinized cross-checking will never

detect all erroneous assumptions and actions because

the reconceptualization of the problem from another

perspective is a cognitively effortful activity and the

benefits are not always realized by the person doing the

effort. Therefore, a strong reliance on routinized cross-

checking to detect erroneous assumptions and actions

should not be pursued.

Probably the most important contribution of this

research is the finding that specialized knowledge

might be required by the individual performing the

collaborative cross-check. This finding implies that

using automated software or relatively inexperienced

or less knowledgeable personnel to perform cross-

checks might not be a particularly effective approach.

In order to enhance resilience, these findings suggest

two approaches to increase adaptive capacity both

before and after a problem is detected. First, personnel

with weakly defined roles who are not consumed by

production pressures can support collaborative cross-

checking and other cognitively challenging sensemak-

ing functions. Second, processes can be rendered more

observable either by explicitly communicating the

rationale behind a plan and the intent behind an order

or by supporting the ability for people in loosely cou-

pled roles to ‘‘listen in’’ on planning discussions, such

as by having nurses or pharmacists attend physician

rounds.
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