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Objective: To classify events of actual or potential harm to primary care patients using a multilevel taxonomy
of cognitive and system factors.

Methods: Observational study of patient safety events obtained via a confidential but not anonymous
reporting system. Reports were followed up with interviews where necessary. Events were analysed for their
causes and contributing factors using causal trees and were classified using the taxonomy. Five general
medical practices in the West Midlands were selected to represent a range of sizes and types of patient
population. All practice staff were invited to report patient safety events. Main outcome measures were
frequencies of clinical types of events reported, cognitive types of error, types of detection and contributing
factors; and relationship between types of error, practice size, patient consequences and detection.
Results: 78 reports were relevant to patient safety and analysable. They included 21 (27%) adverse events
and 50 (64%) near misses. 16.7% (13/71) had serious patient consequences, including one death. 75.7%
(59/78) had the potential for serious patient harm. Most reports referred to administrative errors (25.6%, 20/
78). 60% (47/78) of the reports contained sufficient information to characterise cognition: “situation
assessment and response selection’” was involved in 45% (21/47) of these reports and was often linked to
serious potential consequences. The most frequent contributing factor was work organisation, identified in 71
events. This included excessive task demands (47%, 37/71) and fragmentation (28%, 22/71).
Conclusions: Even though most reported events were near misses, events with serious patient consequences
were also reported. Failures in situation assessment and response selection, a cognitive activity that occurs in
both clinical and administrative tasks, was related to serious potential harm.

been increasing.""° In the late 1990s, research in Australia

challenged the prevailing assumption of a safe, error-
tolerant environment, quite different from that of the operating
room'' and intensive care.”” Today, UK general practice is
changing in ways that may increase the importance of patient
safety: patients are discharged from hospital earlier than
before; general practitioners (GPs) increasingly prescribe and
monitor potentially dangerous drugs; and there are time
pressures on consultations,' increasing fragmentation of
services and decreasing continuity of care.”

Reporting of patient safety events has become an important
data collection tool for research and quality improvement
purposes in healthcare, both in the UK" and abroad.* ' "
Reporting is usually anonymous to achieve a large number of
reports. The disadvantage of anonymous reporting is loss of
information, especially information about causes. Furthermore,
there is a lack of taxonomies that can be used to classify events
and their causes and to maintain the links between them. To
fulfil this purpose, taxonomies should be based on a theory of
human performance, have mutually exclusive categories and
identity the influences of the system on the individual."

A small scale, in-depth study of identifiable but confidential
reports was undertaken with the aim of building a taxonomy of
patient safety in general practice. A voluntary and confidential
event reporting system was introduced to five general medical
practices in the West Midlands over 16 months. Practices were
asked to report events during the process of care that led to
unintended increase in the risk of harm to patients or to
reduction in the probability of effective care, when compared
with generally accepted practice. They were encouraged to

Since 2001, interest in patient safety in primary care has

report both adverse events and near misses. Reporting was open
to all practice staff, clinical and non-clinical. Reports were
made on forms designed for the study and sent directly to the
investigator in a stamped, addressed envelope. Two-thirds of
the reports were followed up with interviews to obtain further
information and/or check the causal analysis. The taxonomy,
methods for data collection and causal analysis, and rules for
event classification are described in detail elsewhere.” The
structure and rationale of the taxonomy are briefly described
below. This paper focuses on the results from the analysis and
classification of the patient safety events collected.

THE TAXONOMY

The taxonomy aims to classify either the action or the error that
initiated the chain of events. This is carried out to maintain the
links between the environment (where the root causes usually
lie) and humans, whose actions are shaped by the environ-
ment.* To this end, the taxonomy has three mandatory levels of
classification that reflect the line of causation (fig 1), as
advocated by current models of accident causation in complex
systems: errors are influenced by local workplace conditions,
which are in turn determined by organisational factors.”>* A
multilevel classification can overcome the problem of what to
classify: the task that failed (eg, prescribing, diagnosis,
referral), the type of error (eg, omission, repetition, substitu-
tion) or the cause (eg, noise, communication, equipment
design). Classifying the multiple aspects of an event at different
but related levels helps to avoid overlapping categories and

Abbreviations: GP, general practitioner; PSFs, performance-shaping
factors
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maintain the links between levels. This is widely accepted in
industry and reflected in the structure of safety taxonomies'" *
and is now being acknowledged in healthcare.”® Maintaining
the link between human cognition and the environment that
influences it is especially important for the design of counter-
measures and system improvement, since errors of different
cognitive origin are likely to require different types of manage-
ment. For example, prescribing incidents may superficially
seem similar (wrong drug prescribed) but can be caused by
various environmental factors (interface design, workload, rare
disease, similar patient or drug names) that affect cognition in
different ways (confusion, lack of knowledge, lack of atten-
tion). Looking for solutions to reduce these types of incident
requires consideration of how they occurred.

To characterise the cognition of the individuals involved, the
taxonomy uses a theoretical model, the “information proces-
sing model” of human cognition.”” At level 1, the cognition
level, the error/action is classified according to (a) the cognitive
domain involved (perception, memory, situation assessment,
response execution) and (b) the error mechanism—that is, the
psychological mechanism through which the error occurred. At
level 2, the immediate causes of the event are classified as
internal to the individual (affective, motivational, physiological
or cognitive states) or external to the environment. At level 3,
the likely contributions to the event (performance-shaping
factors, PSFs) are categorised into work organisation factors
and technical factors, each with subcategories. The taxonomy is
designed to ensure that analysis of patient safety events
includes but also moves away from individual cognition (level
1) to uncover conditions that shaped performance and led to
the event (levels 2 and 3; fig 1). The full taxonomy is presented
as supplementary material, available at http://qshc.bmj.com/
supplemental.

ANALYSES
The reported events were analysed using causal trees* and
classified using the taxonomy. An example of the analysis and
classification of an event is given as supplementary material,
available at http://qshc.bmj.com/supplemental.

Frequencies for types of events and contributing factors are
presented in the Results section. Two-tailed y? tests and
Fisher’s exact tests were used to test for statistical relationships

20

Level 3: Performance shaping factors (PSFs)

Level 2:
Immediate external causes

Level 2:
Immediate internal causes

Level 1: Cognition

Patient-safety
event

Figure 1 The taxonomy structure, showing influences between the three
levels of classification. Adapted from Kostopoulou.”
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between categories of the classification. The exact test was
employed when expected frequencies were <5. When the test
value was significant, the standardised residuals (SRs) were
inspected to determine which cells gave most discrepancy from
Ho (SRs>|2| and SRs>|3| for larger tables).*

RESULTS

Five practices, two small, two large and one medium sized, took
part and submitted 94 reports over 6-16 months (table 1).
Altogether 78 reports were related to patient safety and were
analysable (fig 2). They included 21 (27%) adverse events and
50 (64%) near misses. The outcome of seven events was
unknown at the time of the reporting.

Although 64% (50/71) of the reported events had no
consequence for patient health, 16.7% (13/71) had fairly or
very serious patient consequences for physical health, including
one death from delayed diagnosis of a brain tumour. Moreover,
75.7% of the reported events had the potential for fairly or very
serious patient harm (59/78).

GPs submitted 54% of the reports (42/78), administrative
staff 26% (20/78) and nurses 19% (15/78). Most adverse events
were reported by GPs (14/21), but the study found no
relationship between type of event and reporter (p = 0.06).

Table 2 presents a categorisation of the events according to
the clinical area of relevance. Even though events have been
counted only once, the categorisation is not mutually exclusive.
For example, lack of information/communication failures and
administrative errors could cause a number of other types of
events (delayed referrals, wrong judgment of urgency, pre-
scribing errors and so on). This is not a satisfactory approach, as
it lacks a conceptual underpinning and can give a biased picture
about the clustering of events. It is presented to enable
comparisons with other studies that categorised events in
similar ways.

In eight events, there was no error (fig 3). In 23 cases,
practice staff had not initiated the event—they were simply
reporting it. This ‘“second-hand” reporting made it impossible
to collect further information for ethical reasons, as the
investigator had no access to patients or non-practice health-
care staff. The rest of the patient safety reports (47) contained
information about the ““active failures” that led to the events.
Further information was obtained at the follow-up interviews.

Cognitive classification of these 47 reports was therefore
possible, mostly at level 1. There were 21 (45%) errors of
situation assessment, 11 (23%) response execution errors, 8
(17%) memory errors and 7 (15%) perception errors
(x*=1045, df=3, p<0.05). The error mechanism was
identifiable in 39 of the 47 reports (table 3). The study found
no significant difference between categories of error mechan-
ism. Immediate internal causes, level 2, proved difficult to
identify in most cases owing to insufficient information
reported or subsequently recalled and an inability to obtain
this information for second-hand reports. No statistical
analyses were performed at this level of classification due to
small numbers, and only frequencies are reported (table 3).

PSFs, level 3, were identifiable in most of the 78 reports, with
>1 PSF being identifiable in many reports. Categorisation of
PSF was not exclusive (both organisational and technical
factors were often identified in relation to the same event),
hence only frequencies are reported. Work organisation factors
contributed to 71 events and technical factors to 30 events. The
most frequent work organisation factors were excessive task
demands (47%, 37/71), followed by fragmentation (28%, 22/71)
and communication (15%, 12/71). Excessive task demands
related mostly to time pressures or workload, unfamiliarity
with tasks or equipment, and unclear policies. The technical
factors most frequently identified were issues of information
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Figure 2 Number and type of reports
submitted.

10 reports with insufficient| |78 reports related to
information for causal patient safety

3 reports about staff falls
and needle-stick injuries

3 reports about good
quality care and

analysis

handling patient
complaints

21 adverse events 7 events with unknown
consequences

50 near misses

19 resulted in 1 resulted in 1 death
temporary harm permanent harm

35 detected and
aborted/corrected

15 due to luck
etc.

salience or presentation (15%, 12/30), followed by information
availability or delays (12%, 9/30) and absence of retrieval cues
or cues to action (12%, 9/30).

There was a significant relationship between cognitive
domain and type of event (adverse event or near miss;
x*=9.4, df =3, p<0.05) and between error mechanism and
type of event (y*=11.31, df =4, p<<0.01). “Situation assess-
ment and response selection” was involved in most adverse
events where the cognitive domain could be identified (8/10),
whereas memory failures and response execution failures only
led to near misses. The cognitive domain of situation assess-
ment and response selection refers to a broad category of
decision making including clinical diagnosis and management,
as well as administrative decisions. Reason’s definition of
“mistakes”, as judgment or inference failures involved in goal
or strategy selection is another way of describing errors of
situation assessment and response selection. From the error
mechanisms, loss of attention and interference/confusion only
led to near misses. However, the SRs were lower than |2],
which suggests that relationships between cognition and event
type need to be interpreted with caution.

Most events had no consequences or no serious consequences
for the patient. Situation assessment errors were frequently
associated with very serious potential consequences (13/18; see
Appendix for examples). However, the study failed to detect a
significant relationship (p =0.1).

The study did not find a relationship between practice size
and event type (p=0.31). There was, however, a significant
relationship between practice size and cognitive domain
(x?=20.72, df =6, p<0.001), with large practices reporting
more events related to situation assessment (16/21).

The most frequent type of detection was incidental (ie,
chance detection; 40%, 31/78), followed by outcome-based
detection (23%, 18/78; ie, detection of consequences, eg,
worsening symptoms, delay in receiving an appointment).
Staff and patients detected only 11.5% (9/78) each of the
reported events as a result of active monitoring. Of the reported

events, 9% (7/78), were detected through a “limiting func-
tion”—that is, some aspect of the environment prevented
further action. Only four events were detected by the person
who made the error through spontaneously remembering or
engaging attention (““action-based” detection).”® *°

The relationship between cognitive domain and PSF was
examined, but the numbers were too small for statistical
analyses, hence only frequencies are reported. Fragmentation
issues contributed mainly to situation assessment (8/15) and
memory errors (5/15), task demands contributed to errors in all
cognitive domains but mainly situation assessment (9/23),
whereas communication problems contributed mainly to
situation assessment (5/7). Information that was not suffi-
ciently salient or well-presented led to perceptual errors (5/10),
absence of cues and reminders to memory errors (5/7) and
information availability or delays to errors of situation
assessment (4/5).

DISCUSSION

The study identified “situation assessment and response
selection” as the cognitive domain most frequently involved
in patient safety events. It was also linked more frequently than
other cognitive domains to very serious potential harm. This is
consistent with Wiegmann and Shappell’s® observations that
judgment errors were associated more with major aviation
accidents than with minor accidents, whereas response execu-
tion errors were associated more with minor accidents.
Situation assessment was influenced mainly by high task
demands, fragmentation and unavailability or non-salience of
information. High task demands included (1) workload and
time pressures; (2) unfamiliarity with tasks, equipment or
procedures; and (3) unclear/inappropriate policies leading to
disagreement and uncertainty. Unclear policies cover situations
where, for example, a patient receives initial and/or regular
treatment in hospital but neither the hospital nor the practice
assumes responsibility for the continuation of the treatment or
its monitoring. This led to patients receiving dangerous

Table 1

Practice demographics and reporting

Practice size

Study participation Reports related to

(patients) Patient population (months) patient safety
Small1 (2000) Suburban, white, elderly 11 14
Small2 (2200) Inner city, ethnically diverse 16 14
Medium (5800) Inner city, white 11 15
Largel (10 200) Inner city, ethnically diverse 16 30
Large2 (10 602) Inner city, ethnically diverse 6 5
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Table 2 Clinical categorisation of the reported events

Immediate cause

Actual or potential consequence:
Appropriate care obstructed or
delayed/inappropriate care
provided

Unknown
No apparent potential for harm
to patient
Other
Total

Administrative errors (mainly booking appointments and filing)
Prescribing or medication review

Delays or inappropriate care in hospital

Lack of information, communication failures
Dedaling with test results or hospital correspondence
Referrals (delayed/forgotten)

Vaccination/drug administration

Judging urgency of patient's condition

External factors/equipment failures

Failing to home visit

Dispensing errors

20 (25.6%)
11 (14%)
10 (13%)
7 (9%)

5 (6.4%)
5 (6.4%)
4 (5%)

2 (2.6%)
3 (4%)

2 (2.6%)
2 (2.6%)
1

3 (4%)

3 (4%)
78

medication not being monitored. Unsuitable policies can
restrict access to certain investigations to GPs—for example,
MRI scans in the case of two patients with delayed diagnosis of
a brain tumour.

Fragmentation included cases where different members of
staff carried out different steps in a single task, such as record
updating or dealing with clinical correspondence. It also
included cases where different clinicians were looking after
different aspects of a patient’s care, often resulting in tasks not
being carried out. For example, two GPs were looking after the
same patient, one for his diabetes, the other for his renal
disease. They both noticed that the patient’s creatinine had
increased and one of them referred the patient to hospital.
Neither GP stopped the metformin (“we both assumed that the
other one would”), putting the patient at risk of serious illness
(lactic acidosis). The patient had raised creatinine for 4 months
until the hospital stopped the metformin.

Finally, fragmentation also included cases where tasks, such
as referrals and record updating, were carried out after the
consultation had finished, sometimes on a different day and by
different staff. This resulted in omissions or delays. Some
practices were aware of the error-inducing potential of this type
of fragmentation and had developed systems of support, but
things could still be missed. Fragmentation may work well in
terms of gaining time and freeing up resources, but it also
makes a system more vulnerable to error.”

Most reports that contained information permitting cognitive
analysis involved “‘situation assessment and response selec-
tion” failures (45%). This cognitive domain includes the task of
diagnosis, which is at the heart of medicine. Only two reports
(2.6%) were related to diagnosis in general practice (“judging

| 78 patient-safety reports

urgency of patient’s condition”; table 2). This is similar to other
studies of patient safety in primary care that used reporting as a
data collection tool. Dovey ef al* obtained 344 reports (330
errors) from 42 American family physicians. They classified
3.9% of the reported errors as “wrong or missed diagnosis”,
arising from lack of clinical knowledge/skills. Makeham et al*®
obtained 134 errors from 17 Australian GPs. They included
diagnostic errors by pharmacists and hospital doctors in their
classification, which resulted in 14% of errors described as
““diagnostic”. A lower rate (0.5%) was obtained by Rubin et a/®
from 10 practices in the UK. In contrast with these studies, a
much higher rate is reported by Bhasale ef al.'” They obtained
805 incidents from 324 Australian GPs and classified 34% of
them as diagnostic. This probably overestimates the rate of
diagnostic error. The classification was not mutually exclusive,
and 79 incidents belonged to both “diagnostic” and “non-
pharmacological” categories—that is, 79 incidents were
counted more than once. Moreover, diagnostic incidents
included ‘“diagnostic procedural complications”, such as
incorrect test results, and were therefore not related to clinical
knowledge, skill or judgment. In fact, “error in judgment”
contributed to 22% of the incidents in the Bhasale ef al'” study.
It is possible, however, that error in judgment is hiding in other
types of contributing factors—for example, “failure to recognise
signs and symptoms”, “GP tired/rushed/running late”, ““inade-
quate patient assessment”, “‘patient’s history not adequately
reviewed”. Similarly, one of the two major error categories in
the Dovey et al* classification, “‘process errors”’—for example,
“wrong test/treatment ordered or not ordered when appro-
priate” or “inappropriate response to an abnormal laboratory
result”—may include “errors arising from lack of clinical

Figure 3 Information sufficiency for
categorisation purposes.

8 no-error events | | 47 reports contained cognitive

information (required in

In 23 reports, people outside the
practice had initiated the event

taxonomic levels 1& 2)

In 5 reports, no error
had occurred, given
the circumstances
and information at
the time

In 3 reports, external
factors beyond the
control of the individuals
involved led to the event
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Table 3 Taxonomy levels T and 2—cognition and immediate causes of errors/actions
Total

Level 1

(I) Cognitive domain

Perception Situation assessment Memory Response execution

and response
selection

7 21 8 11 47
() Error mechanism

Expectancy/selective Loss of Inferference/ False assumption/  Cognitive bias

attention attention confusion expectation

7 9 9 10 4 39
Level 2

(I) Immediate internal causes

Alertness, fatigue Cursory/hurried  Lack of Inflexible application  Stress, preoccupation

work approach  knowledge of a procedure

0 6 3 2 0 11
() Immediate external causes

Lack of information/ Cue similarity/ ~ Task inferruption ~ Out-of-date (drugs/vaccines),

incorrect, unclear, proximity out-of-order (equipment)

illegible information Pattern similarity

1 12 4 3 30

knowledge or skills”, the other major error category. The need
for categories that are precisely defined and mutually exclusive
is apparent.

“Problems in communication and sharing information” (a
PSF) were identified in 15% of the reports. The same rate of
“communication errors” is reported by Makeham et al,'t
whereas Dovey ef al* classified 5.8% of the errors as “errors in
the process of communication”. Rubin ef a/* and Bhasale et al'’
report much higher rates of communication errors, 30% and
42%, respectively.

Discrepancies between studies highlight the importance of
using both a mutually exclusive cognitive classification at the
level of the individual (to classify the error or action) and an
associated classification at the level of contributing factors that
influenced performance and facilitated error (PSFs). This type
of multilevel classification will prevent events or errors being
counted more than once and uncertainty as to where to classify
them (eg, according to the type of error, the clinical area, or the
causes).

In terms of clinical area of relevance (table 2), the most
frequently reported type of failure was administrative (25.6%).
This is similar to the rates reported by Dovey ef al* (30.9%) and
Makeham et al'* (20%). Rubin et al° also found that most
reported errors were administrative and were encountered in
reports classified under the broader error categories of “pre-
scription”’, “communications” and ‘‘appointments”’. The high
rates of administrative failures may reflect greater staff
willingness to report them, greater opportunity for occurrence,
and/or greater opportunity for detection than, for example,
diagnostic errors.

One limitation of this study is the small number of reports,
especially those with detailed information for cognitive
analysis. The need for detailed information is a disadvantage
of the taxonomy, as it precludes anonymous reporting, there-
fore small numbers are to be expected. Furthermore, the time-
consuming follow-up of reports is potentially discouraging.
Small numbers did not always allow for statistical analyses, or,
when analyses were carried out, may have masked important
relationships between categories—for example, cognitive
domain and event consequences. However, as a database of
classified events builds up over time, it should allow the links
between environment and behaviour to be observed more
reliably. Statistical associations between the levels of a
taxonomy are an important aspect of internal validity and

usefulness: can meaningful patterns be gleaned from the data?
Which PSFs tend to affect cognition, in what way and through
what psychological mechanism? What type of immediate
events, internal or external, precede an error? To be able to
determine such relationships, large numbers of reports are
needed, containing sufficient information about the event and
the cognitive processes of the individuals involved, as well as
the environmental influences. Such reports are admittedly hard
to obtain in large numbers but are nevertheless an ideal that we
should be working towards* if we are to move from simple
descriptions of errors as “‘prescribing” or ““administrative” and
start to tackle their underlying causes. It may also be worth
considering how an anonymous reporting system and a
confidential reporting system could operate side by side.

The information processing model, which forms the basis of
the cognitive taxonomy, allows the classification of any human
action, erroneous or not. This is very important in analysis of
incidents. The individual’s action may have been entirely
appropriate given the circumstances and information available
at the time. PSF can still be identified in situations where no
errors occurred and their links with human performance are
thus maintained. The value of the taxonomy lies largely in the
mandatory, multilevel classification that forces consideration of
immediate external causes and PSF and points to the
environment as shaping human behaviour.

Testing the reliability, comprehensiveness and usability of
the cognitive taxonomy is currently being planned. Important
questions that we aim to answer include whether users with no
background in human factors can be trained to construct causal
trees and reliably classify cognition.

Although smaller in scale than analyses of large databases of
anonymous reports, in-depth studies of confidential, identifi-
able reports followed up with interviews can provide important
insights that may otherwise be overlooked. The data obtained
from more detailed analyses, supported by a multilevel
taxonomy that links human performance with its environment,
can improve our attempts to deal with patient safety events by
encouraging intervention at a system level without losing sight
of the individual. A culture of safety goes far beyond systems
alone. Although it is clear that better monitoring of key
processes such as investigation results, prescribing and referrals
are essential, we also need a better understanding of how to
improve decision making, in both clinical and administration
tasks. More research is needed to improve the presentation of
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information, usually via the electronic health record, and to
reduce task demands and fragmentation. Teaching of decision
making in medical and staff training curricula may also
improve the situation assessment skills of healthcare staff. In-
depth studies using detailed taxonomies such as this can
contribute much to our understanding of what affects practi-
tioners” performance and ultimately patient safety in primary
care.
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APPENDIX
Examples of very serious (actual or potential) consequences of
“situation assessment’’ failures by general practice staff.

® A 44-year-old patient presented with chest tightness for a
few days on exertion, relieved by rest, left-sided cardiac pain
with radiation to left arm and a strong family history. Locum
general practitioner (GP) decided to start treatment with
nicorandil and glyceryl trinitrate, and booked new appoint-
ment for blood tests and ECG. The same evening, the patient
went to the accident and emergency department with
worsening chest pain. He was kept in for a week for
investigations.

® A patient taking warfarin and with possible stomach ulcer in
the past (information from patient record) was prescribed
non-steroidal anti-inflammatory drugs by locum GP. The
error was detected by the pharmacist.

® A patient came to the surgery for renewal of her treatment
for blood pressure that had ran out. The receptionist told her
that she could not have any more medication until she was
seen by a GP, the practice policy being that patients should
have another month issued at this point. The patient, already
non-compliant, did not come back for some time, leading to
her blood pressure going out of control (204/123).

® A nurse administered polio booster vaccine to a patient with
HIV, without a knowledge of the patient’s HIV status. The
nurse simply asked the patient whether she was fit and well,
the patient said that she was and the nurse did not check her
record to confirm this (busy clinic, appointment scheduled
for vaccinating the patient’s grand-daughter).

® A young woman who had recently had a baby started
developing fever. Despite this, the midwife decided not to
visit her at home (owing to workload). The patient
eventually saw the GP, who diagnosed septicaemia and
admitted her urgently to hospital, where she received
intravenous antibiotic treatment.

® A 67-year-old man with diabetes and high blood pressure,
was referred by his GP to a dementia open-access clinic for
rapid onset of memory loss. The consultant psychiatrist
started treating the patient with medication for vascular
disease and depression. He did not perform a CT scan despite
the GP’s request because he did not think that it was
clinically indicated. He did not review the patient again.
Meanwhile, the patient’s condition was deteriorating. The
GP attempted to order a scan directly, but his request was
refused (no open access to CT scans). Another urgent request
for a scan was finally granted, and showed a brain tumour. A
neurologist diagnosed inoperable meningioma owing to its
size. The patient subsequently died.



