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Abstract
Background
Safety management systems have been set up in healthcare institutions to
reduce the number of adverse events. Safety management systems use a
combination of activities, such as identifying and assessing safety risks in the
organizational processes through retrospective and prospective risk
assessments. A complementary method to already existing prospective risk
analysis methods is Tripod, which measures latent risk factors in
organizations through staff questionnaires. The purpose of this study is to
investigate whether Tripod can be used as a method for prospective risk
analysis in hospitals and whether it can assess differences in risk factors
between hospital departments.
Methods
Tripod measures risk factors in five organizational domains: (1) Procedures,
(2) Training, (3) Communication, (4) Incompatible Goals and (5)
Organization. Each domain is covered by 15 items in the questionnaire. A
total of thirteen departments from two hospitals participated in this study.
All healthcare staff working in the participating departments were
approached. The multilevel method ecometrics was used to evaluate the
validity and reliability of Tripod. Ecometrics was needed to ensure that the
differences between departments were attributable to differences in risk at
the departmental level and not to differences between individual
perceptions of the healthcare staff.
Results
A total of 626 healthcare staff completed the questionnaire, resulting in a
response rate of 61.7%. Reliability coefficients were calculated for the
individual level and department level. At the individual level, reliability
coefficients ranged from 0.78 to 0.87, at the departmental level they ranged
from 0.55 to 0.73. Intraclass correlations at the departmental level ranged
from 3.7% to 8.5%, which indicate sufficient clustering of answers within
departments. At both levels the domains from the questionnaire were
positively interrelated and all significant.
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Conclusions
The results of this study show that Tripod can be used as a method for
prospective risk analysis in hospitals. Results of the questionnaire provide
information about latent risk factors in hospital departments. However, this
study also shows that there are indications that the method is not sensitive
enough to detect differences between hospital departments. Therefore, it is
important to be careful when interpreting differences in potential risks
between departments when using Tripod.

Background
Patient safety is an important aspect of the quality of care in hospitals.
Patient safety can be defined as the reduction of the risk of unnecessary
harm associated with healthcare to an acceptable minimum.1 Previous
studies have shown that between 2.9% and 16.6% of hospital admissions
lead to adverse events2, of which approximately 50% are potentially
preventable.3 Adverse events can be defined as harm to patients that was not
caused by the underlying disease but by medical management, leading to
prolonged hospitalization, re-hospitalization, disability or death.1 In order to
reduce the number of adverse events, safety management systems have been
set up in healthcare institutions.4-6 Safety management systems aim to
prevent undesired outcomes in healthcare by a combination of activities,
such as improvement projects, incident reporting and analyses, and risk
assessments to identify and assess safety risks in the organizational
processes.6
Risk assessments can be performed retrospectively or prospectively. To date,
retrospective risk management has been most common in healthcare.7
Several methods for retrospective risk assessments in healthcare are
currently used; the key element in all these methods is the analysis of the
causes of incidents, near-misses and unsafe situations in order to prevent
them from happening again in the future. Examples of these methods are the
Prevention and Recovery Information System for Monitoring and Analysis
(PRISMA) and Root Cause Analysis (RCA).7,8 These methods have two
disadvantages. First, they require an open incident reporting culture since
they rely on reporting by healthcare staff. Second, the analysis can only take
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place after an unsafe situation has been revealed, with or without
consequences.7 It therefore makes sense to analyze risks in a prospective
manner, complementary to retrospective methods, to prevent unsafe
environments that could potentially lead to adverse events.7
In prospective risk analysis, processes are analyzed for potential risks in
order to prevent errors from happening in the first place. Some well-known
methods are the Healthcare Failure Mode and Effect Analysis (HFMEA) and
Bow-Tie.9-13 Both methods focus on analysis of care processes, and are often
organized around a specific disease and therefore bound to one particular
medical specialty. In these methods, a group of professionals meets several
times to systematically map out the care process that was chosen for the risk
analysis. The potential risks and their consequences are determined, and
ways of preventing these situations are considered. Although these methods
can create awareness about potential risks, they are time- consuming and
only focus on one care process at a time.
A complementary method to existing prospective risk analysis methods is
Tripod, which takes account of the key organizational processes. Tripod
measures latent risk factors categorized into what are termed Basic Risk
Factors (BRFs) at the departmental level by means of staff questionnaires.
Latent risk factors are risk factors that are present within departments but
are not always clearly visible. Tripod uses the individual risk perception of
staff to determine the BRFs for an individual department. BRFs are used to
determine potential risks in five general organizational domains:
Procedures, Training, Communication, Incompatible Goals, and
Organization. The method has its origins in the petrochemical sector14-16 but
could also be applied in the healthcare setting.17 Tripod has the potential to
be broader and less time-consuming than existing methods. The method can
be used as a starting point to obtain a broad picture of the level of control
over the organizational processes at the departmental level, and the results
allow prioritization of further in-depth prospective risk analyses. The
purpose of this study is to investigate whether Tripod is appropriate as a
method for prospective risk analysis within hospital departments. This
study is based on the adjusted Tripod for prospective risk analysis in
healthcare, known as Tripod Delta HC. We will discuss the changes to
Tripod to create Tripod Delta HC in more detail in the Methods section.
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The research questions addressed in this study are:
•
•

Can Tripod Delta HC be used as a measurement instrument for prospective
risk analysis in hospitals?
Can Tripod Delta HC be used to assess differences in latent risk factors
between hospital departments?

Methods
Measurement instrument: theory and development
Tripod is founded on the idea that human error can be prevented or
mitigated by controlling the environment people work in.14,16,18-20 According
to Tripod, there are latent failures in every work environment and these can
be categorized into BRFs. Each of the BRFs may contribute to adverse events
in different ways, and when a combination of different undesirable
situations emerge at the same time, this will lead to disturbances in the
operational process, with or without consequences.21,22 BRFs are controllable
in the sense that they can be influenced by changing the organization and
management of processes.
Tripod was originally developed for use in the petrochemical industry but is
also seen as a promising option for patient safety.5,20 However, the original
questionnaire could not be applied in healthcare without some modifications
to create ownership of the users in a healthcare setting.23 In this study, we
took the shortened Tripod questionnaire, known as Tripod Delta Lite, as a
starting point for the development of Tripod Delta HC. This shortened
questionnaire, which contained five general BRFs and consisted of 75 items,
was extracted from the full version that contained ten further specific risk
factors and a total of 150 items.
Modifications to Tripod Delta Lite were made by the authors, who consulted
a group of 14 experts. The group consisted of registered nurses and
researchers with experience in healthcare who assessed the content validity
of the questionnaire by reviewing the modified questionnaire. Experts were
asked to evaluate the importance and content of each item in the
questionnaire and state whether they thought any important aspects were
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missing. Comments and suggestions were summarized. Nurses generally
suggested changes to improve the applicability of the item in a healthcare
setting. Researchers commented on the structure of the questionnaire and
response categories. This led to the use of five-point scales rather than
dichotomous (yes/no) response categories that were used in Tripod Delta
Lite. The modifications did not alter the underlying assumptions of the items
or the underlying constructs of the questionnaire and led to a revised
questionnaire that was used in this study and is called Tripod Delta HC. In
the remainder of this article we will only refer to this modified healthcare
version.
Measurement instrument: structure
Tripod Delta HC measures BRFs in five organizational domains: (1)
Procedures, (2) Training, (3) Communication, (4) Incompatible Goals and (5)
Organization. Each BRF is covered by 15 items that form a scale. Table 1
gives the definitions of the different BRFs and some example items.
In total the questionnaire contains 75 items that are measured on a fivepoint Likert scale ranging from ‘totally disagree’ to ‘totally agree’.
Respondents were also offered the response option of ‘not applicable’: this
box could be checked if the participant was unfamiliar with the content of
the item or had no opinion. Respondents were asked to answer the questions
with the last six months in mind. In addition, some background
characteristics were measured (i.e. age, gender, years working in hospital).
See Additional file 1 for the items used.
Sampling
This study was carried out at one academic hospital and one general
hospital, based on a convenience sample. Three departments in the academic
hospital took part and ten departments in the general hospital, making
thirteen departments in total. There was a wide variety of departments. All
healthcare staff working in the participating departments at the time of the
study were approached, regardless of whether they had daily patient
interaction. The Dutch Medical Research Involving Human Subjects Act
does not apply to this research. Therefore, no approval was needed from the
Medical Ethics Committee.
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Table 1

Definitions of the five basic risk factors of Tripod Delta HC

Basic Risk
Factors
BRF Procedures

BRF Training

BRF
Communication

BRF
Incompatible
Goals

BRF
Organization

Definition

Example item

Insufficient quality or availability
of procedures, guidelines,
instructions, and manuals
(specifications, administration, use
in practice).
No or insufficient competence or
experience among healthcare staff
(not sufficiently suited to their
tasks, inadequately trained).

“Because procedures are
insufficiently clear, I
sometimes have to act
according to my own
discretion”.
“There are always
sufficiently experienced
healthcare staff present in
the department”.

No or ineffective communication
between the various sites,
departments or healthcare staff of
an organization or with the official
bodies.
The situation in which healthcare
staff must choose between optimal
working methods according to the
established rules on one hand, and
the pursuit of production, financial,
political, social or individual goals
on the other.
Shortcomings in the organization’s
structure, organization’s
philosophy, organizational
processes or management
strategies, resulting in inadequate
or ineffective management of the
organization.

“Important information is
often sent to the wrong
department in the
hospital”.
“Necessary maintenance
work has been postponed
due to high costs”.

“The tasks are not
properly coordinated
between departments so
that work is carried out
twice”.

(Controlling the controllable, Jop Groeneweg 2002).

Procedure
Data was collected between December 2011 and March 2012. Each hospital
appointed one contact, who was the quality coordinator in both cases. The
contact invited all the hospital’s departments to participate in our study. In
both hospitals, all departments were approached and asked to participate.
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However, in the academic hospital, the participation of departments was
voluntary and the decision of a department to participate lay with the head
of that department. In the general hospital, the director made the decision
that all departments needed to participate in the study. The e-mail addresses
of all healthcare staff currently working in the participating departments
were collected. To guarantee privacy, the researcher did not receive the
personalized e-mail addresses. The two hospitals followed different
procedures to ensure this. In the academic hospital, invitation e-mails were
sent to the secretaries of the departments, who forwarded invitation e-mails
to the individual e-mail addresses. In the general hospital, the e-mail
addresses were encrypted by personnel number. The invitation e-mail
contained the purpose of the study and information about the procedure and
guaranteed anonymity of the respondent. As participation was voluntary, no
written informed consent needed to be obtained from the participants. The
e-mail contained a link that led to the questionnaire simply by clicking on it.
Reminder e-mails were sent to non-respondents after two and four weeks.
The questionnaire took approximately 15–20 minutes to complete. In total,
1015 persons were invited and 626 healthcare staff completed the
questionnaire, resulting in a response rate of 61.7%. Table 2 gives an
overview of the response rates per hospital. Table 3 gives an overview of
characteristics of the study population and shows that the largest group of
respondents consists of registered nurses (47.4%).
Table 2

Response rates

Hospital A- academic
Hospital B- general
Total

116

Invited
(n)
332
683
1015

Completed
(n)
195
431
626

Response
(%)
58.7
63.1
61.7
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Table 3

Overview of the study population
N

%

Gender

Male
Female

120
505

19.2
80.8

Age

<30
30-50
>50

110
350
163

17.7
56.2
26.2

Department

Children’s department
Emergency room
Gynecology
Intensive care department
Internal department
Lung diseases & cardio department
Neurology
Operating rooms
Orthopedic department
Short-stay nursing department
Surgical department
Thorax center
0-5 years
6-20 years
>20 years
Nurse
Physician
Other (interns, operation assistants etc.)
Yes
No

48
33
69
48
29
35
92
57
16
42
26
131
230
266
130
297
43
286
549
77

7.7
5.3
11.0
7.7
4.6
5.6
14.7
9.1
2.6
6.7
4.2
20.9
36.7
42.1
20.8
47.4
6.9
45.7
87.7
12.3

Experience

Profession

Patient contact

Note: Neurology was included in both hospitals.

Data preparation
First, negatively worded items were recoded so that a lower score reflected a
lower potential risk for all items. In general, respondents were more likely to
agree that a positive situation applied than a negative situation. Data was
checked for completeness. All items in the questionnaire were mandatory
and respondents were not able to skip questions, although they could exit
the questionnaire before the end. A total of 32 respondents (5.1% of the total
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sample) did not answer at least 50% of the questions, meaning that they had
stopped partway through the questionnaire; these respondents were
excluded from further analyses. The remaining dataset did not contain any
missing data. When respondents checked the category ‘not applicable', the
score was replaced by a missing value. The analyses were performed on the
remaining 594 respondents.
Ecometrics approach
Ecometrics is a multilevel method to evaluate the validity and reliability of
imperfect measures of contextual properties.24 An ecometrics approach was
used to ensure that the differences between departments are attributable to
differences in potential risks at the departmental level and not to differences
between the individual perceptions of the healthcare staff who responded to
the questionnaire. The aim of this method is to measure the latent
characteristics of ecological units (in this research, the ecological unit is the
hospital department). Furthermore, the method aims to combine multiple
observations into one scale to analyze the reliability and validity of the scale.
The data structure is as follows: the items are at the lowest level, nested
within the healthcare staff member, and healthcare staff are nested within
the departments, which are at the highest level. There were 13 departments
in our sample, which were treated as separate units in the analyses. A
weighted item average for all healthcare staff was calculated for each item to
calculate an average scale value. This was done by using the item weights
for the fixed effects. The item variance, which is an indication of the
measurement error, was taken into account in this analysis.
Statistical procedure
Aspects of the reliability of the scales were assessed in terms of internal
consistency using a reliability coefficient. Reliability indicates how well the
individual items of a scale measure the underlying concept of the scale. The
interpretation is the same at the individual level as at the departmental level,
and comparable to Cronbach’s alpha coefficient24,25: values range between 0
and 1, with a higher score representing a more reliable scale. If the reliability
coefficient for a scale is at least 0.70, this suggests that the items in a scale are
measuring the same concept. Values above 0.80 indicate high internal
consistency. Descriptive analyses were used to calculate means, standard
deviations and the range of scores for the different scales in the
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questionnaire at the individual and departmental levels. Variance and
intraclass correlations were calculated to assess the clustering of answers at
the individual and departmental levels.24 An intraclass correlation of 20% is
seen as moderate.26 Correlations between scales were calculated at the
individual and departmental levels to check that the scales were measuring
different concepts. High correlations between scales indicate that the scales
are measuring similar concepts. The minimum required sample size to
assure adequate reliability for comparing results between departments was
estimated for each of the scales, based on the number of healthcare staff in
each department and reliability coefficients in the current study. This gives
the minimum number of respondents per BRF that is needed to make
reliable inferences about differences between departments. The descriptive
analyses were conducted using STATA version 11.0 and the multi- level
analyses were performed using MlwiN version 2.24.

Results
Reliability analyses
Table 4 gives the reliability coefficients for the different scales. At the
individual level, the reliability coefficients ranged from 0.78 to 0.87. This
indicates good to excellent internal consistency at the individual level. The
internal consistency at the departmental level ranged from 0.55 to 0.73. For
the BRF Procedures and the BRF Incompatible Goals the internal consistency
of the scales at the departmental level was less than 0.70, which is below the
minimum preferred value.
Table 4

Reliability of scales at the individual and departmental level

BRF

Reliability
Individual level

Reliability
Departmental level

BRF Procedures

0.87

0.68

BRF Training

0.83

0.70

BRF Communication

0.79

0.71

BRF Incompatible Goals

0.80

0.55

BRF Organization

0.78

0.73

Note: 0.70 or higher can be assumed sufficient.
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Variance and intraclass correlations
The clustering of responses at the individual and departmental levels for
each of the BRFs is shown in Table 6. The intraclass correlations (ICCs) at the
departmental level ranged from 3.7% for the BRF Incompatible Goals to
8.5% for the BRF Organization. The ICC of 8.5% for the BRF Organization
means that 8.5% of the variance in the responses to the various items in the
BRF Organization can be attributed to differences between departments. In
this study, clustering effects are relatively small. In the case of all the
dimensions (BRFs) of Tripod Delta HC, most of the variance was at the
individual level.
Descriptives of the scales
Table 5 gives the descriptive statistics for the scale scores at the individual
and departmental levels, calculated using the multilevel model. On a scale
from 1 to 5 (a lower score reflects a lower potential risk), the mean scale
scores at the individual level ranged from 2.12 for the BRF Training to 2.89
for the BRF Procedures. At the departmental level, the mean scale scores
ranged from 2.12 for the BRF Training to 2.92 for the BRF Procedures.
Table 5

Descriptive statistics of the basic risk factors at the individual
and departmental levels on a scale from 1 to 5

BRF

Individual
level (N = 588)

Departmental
level (N = 13)

Mean (SD)

Range

Mean (SD)

Range

BRF Procedures

2.89 (0.47)

1.42 - 4.11

2.92 (0.11)

2.68 - 3.09

BRF Training

2.12 (0.41)

1.14 - 4.05

2.12 (0.10)

1.92 - 2.28

BRF Communication

2.49 (0.33)

1.51 - 4.01

2.49 (0.09)

2.29 - 2.59

BRF Incompatible Goals

2.16 (0.36)

0.99 - 3.42

2.17 (0.06)

2.01 - 2.24

BRF Organization

2.64 (0.36)

1.49 - 3.83

2.63 (0.11)

2.38 - 2.82
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Table 6

Variance at the individual and departmental levels and
intraclass correlation coefficients (ICCs)
Individual

Departmental level

level

BRF Procedures
BRF Training
BRF Communication
BRF Incompatible
Goals
BRF Organization

Variance

Variance

(SE)

(SE)

0.241***

0.016

(0.017)

(0.009)

0.184***

0.014

(0.013)

(0.008)

0.121***

0.010*

(0.009)

(0.005)

0.158***

0.006

(0.012)

(0.004)

0.150***

0.014*

(0.011)

(0.007)

ICC%
6.36%
6.85%
7.57%
3.70%

8.53%

*p < 0.05. ** p < 0.01. ***p < .0.001 (significance was tested using the Wald statistic).

Correlations between scales
The correlations between BRFs were examined in order to test the
interdependency of the five different scales of Tripod Delta HC. The results
are shown in Table 7. At both the individual and departmental levels, BRFs
were positively correlated and all correlations were significant (P < 0.05). At
the individual level, the correlations between BRFs ranged between 0.40 and
0.75. At the departmental level, the correlations ranged between 0.29 and
0.83. At both levels there was heterogeneity in the size of the correlations.
Most correlations were stronger at the departmental level than the
individual level. This indicates that the average responses at the
departmental level are strongly correlated. For example, a department that
scores highly for the BRF Organization is likely to have a high score for the
BRF Communication as well.
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Table 7

Correlations at the individual level (left of the diagonal) and
departmental level (right of the diagonal)
BRF
BRF
BRF
BRF
BRF
ProceduresTraining Communi- IncompatibleOrganization
cation
Goals

BRF Procedures

-

0.29

0.62

0.80

0.60

BRF Training

0.40

-

0.70

0.61

0.71

BRF Communication

0.56

0.53

-

0.81

0.83

BRF Incompatible

0.64

0.59

0.62

-

0.81

BRF Organization

0.56

0.61

0.65

0.75

-

All correlations were significant at p < 0.05.

Minimum required sample size for acceptable reliability at the
departmental level
Table 8 gives the minimum required sample size for acceptable reliability at
the departmental level. For each of the BRFs, the reliability coefficient is
calculated for any given sample size. This makes it possible to determine
how many healthcare staff per department need to be included in the study
in order to make reliable interferences about differences between
departments. For example, including 75 healthcare staff in a study results in
a reliability coefficient of 0.82 for the BRF Procedures but the reliability for
the BRF Incompatible Goals is 0.70 with 75 healthcare staff.
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Table 8

Minimum required sample size for acceptable reliability at the departmental level*

Number of respondents

BRF

BRF

BRF

BRF

Procedures

Training Communication

BRF

Incompatible Goals Organization

Reliability coefficient
20

0.54

0.55

0.57

0.38

0.59

25

0.60

0.60

0.62

0.43

0.64

30

0.64

0.65

0.66

0.48

0.69

40

0.70

0.71

0.72

0.55

0.74

50

0.75

0.75

0.76

0.60

0.78

75

0.82

0.82

0.83

0.70

0.84

100

0.86

0.86

0.87

0.75

0.88

125

0.88

0.88

0.89

0.79

0.90

150

0.90

0.90

0.91

0.82

0.92

200

0.92

0.92

0.93

0.86

0.94

250

0.94

0.94

0.94

0.88

0.95

*A reliability coefficient of less than 0.70 is considered below the minimum value for acceptable reliability.

Discussion
This study assessed whether Tripod Delta HC can be used as a measurement
instrument for prospective risk analysis in healthcare, and whether it can
detect differences in risk factors between hospital departments. Most studies
in healthcare use classical psychometric methods originating from
psychology for assessing the reliability and validity of questionnaires, for
example research into patient safety climate.27,28 However, in healthcare
these methods are only suitable for assessing differences in individual
perceptions or attitudes. This study is mainly interested in the characteristics
of the ecological construct (the department), and less in individual attitudes.
Using individuals to assess the characteristics of departments results in
imperfect measures because it is an indirect way to assess a department
characteristic.24 Therefore, this study used ecometrics to filter out this
individual component. The individual variance is split from the variance at
the departmental level and the remaining variance at the departmental level
can be used as an indication for differences between departments. The
results of this study show that the variance at the departmental level is
small, although significant for some BRFs. This could have several causes.
First, there might actually be only small differences between departments in
the study population. Our study population consisted of only two hospitals;
it could be that the departments within the hospitals were made very similar
by organization-wide policies. In terms of patient safety, this is positive as it
indicates that departments are similar and obtain low scores for the different
BRFs. Second, there could be a large spread in the individual scores which
would increase the variance at the individual level. However, we found no
indication for this in our data. And lastly, Tripod Delta HC might not be
sensitive enough to detect differences between departments. Given the small
number of hospitals in this study, we are unable to determine the precise
cause. However, this study does point out that it is important to take account
of the variance at the higher level when measuring ecological units. Good
psychometric properties are needed to describe differences in individual
scores (healthcare staff), but when the intention of a measurement
instrument is to describe differences in compositional scores (departments),
good ecometric properties are needed.
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Practical implications
The results of this study show that the reliability of Tripod Delta HC is
acceptable and that the questionnaire can be used to assess potential risks in
hospitals. However, some of the BRFs exhibit lower reliability and little
variance at the departmental level. For these BRFs it is important to be
careful when drawing conclusions about differences between departments in
potential risks. The minimum required sample size for acceptable reliability
should be considered when using Tripod Delta HC in healthcare. This can be
used as a tool to improve the reliability of the scales but also to prevent the
unnecessary inclusion of healthcare staff in a study. As can be seen from
Table 8, a larger number of respondents is needed for the BRF Incompatible
Goals to assure good reliability than for the other BRFs. In practice, hospital
departments are generally not large enough to deliver these numbers of
healthcare staff. In these cases, the scores should not be used to compare
departments with respect to this BRF. Furthermore, when developing
interventions to improve patient safety, it is important to consider whether
they need to be implemented at the individual level or the departmental
level. As all BRFs show low variance at the departmental level, it would be
more effective to implement interventions at the individual level throughout
the hospitals.
Limitations
We acknowledge several limitations to this study. First, only two hospitals
were included in this study. The results cannot be generalized to the wider
hospital population without caution. Future research, for instance in a larger
group of hospitals, is needed to validate the findings of the current study.
Second, the recruitment of departments was different in the two
participating hospitals. However, the questionnaires were filled out by the
healthcare staff and the decision to participate in both hospitals was
individual and voluntary. Furthermore, the aim of this study was not to
compare the two hospitals, but to validate the questionnaire that was used.
Therefore, we are confident that the difference in numbers of participating
departments between the hospitals did not affect the results of this study.
Third, the largest group of respondents was registered nurses (47.4%; see
Table 3). The group of physicians in our study was too small for separate
statistical analyses. Fourth, questions in the questionnaire were grouped per
BRF. This was meant to make it more convenient for the respondent to fill in
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the questionnaire, not having to switch mentally between concepts. It would
be interesting to test whether a mix of questions from different concepts can
improve the sensitivity of reliability measures. Although improving Tripod
Delta HC was not the purpose of this study, future research could study the
practical usage, for example by excluding items with low sensitivity or study
the meaning of differences in correlations between departments with similar
specialties from different hospitals.

Conclusions
This research assessed whether Tripod Delta HC can be used as a method for
prospective risk analysis in hospitals and whether it can measure differences
between departments in their assessed risks, using a multilevel ecometric
approach. Tripod Delta HC measures five BRFs at the hospital departmental
level. In general, the ecometric properties of the modified healthcare version
of Tripod Delta HC are satisfactory. The results show that the reliability of
the instrument, as measured by the internal consistency of the items, is good
at both the individual and departmental levels for most of the BRFs. This
indicates that Tripod Delta HC can be used as a measurement instrument for
prospective risk analysis in hospitals. However, two BRFs did not show
much clustering at the departmental level or acceptable internal consistency
at the departmental level. It was not possible to detect differences between
departments for these BRFs. Overall, the results show that Tripod Delta HC
is a useful instrument for assessing latent risks at the individual level, and
for some BRFs at the departmental level as well. It might not be possible to
measure differences between departments with Tripod Delta HC but further
research in larger settings is needed to confirm these findings.

126

Chapter 5

References
1.

2.

3.

4.
5.
6.

7.

8.

9.

10.

11.

12.

Brennan TA, Leape LL, Laird NM, Hebert L, Localio AR, Lawthers AG,
Newhouse JP, Weiler PC, Hiatt HH: Incidence of adverse events and
negligence in hospitalized patients. N Engl J Med 1991, 324:370–376.
Zegers M, De Bruijne MC, Wagner C, Hoonhout LHF, Waaijman R, Smits M,
Hout FA, Zwaan L, Christiaans-Dingelhoff I, Timmermans DR, Groenewegen
PP, van der Wal G: Adverse events and potentially preventable deaths in
Dutch hospitals: results of a retrospective patient record review study.Qual
Saf Health Care 2009, 18:297–302
De Vries EN, Ramrattan MA, Smorenburg SM, Gouma DJ, Boermeester MA:
The incidence and nature of in-hospital adverse events: a systematicreview.
Qual Saf Health Care 2008, 17:216–223.
van der Schaaf TW: Medical applications of industrial safety science. Qual Saf
in Health Care 2002, 11:205–206.
Vincent C: Patient safety. Chichester: Wiley-Blackwell; 2011.
Kohn LT, Corrigan JM, Donaldson MS: To err is human: building a safer
health system. 627th edition. Washington DC: National Academies Press;
2000.
Smith A, Boult M, Woods I, Johnson S: Promoting patient safety through
prospective risk identification: example from peri-operative care. Qual Saf
Health Care 2010, 19:69–73.
Nicolini D, Waring J, Mengis J: The challenges of undertaking root cause
analysis in health care: a qualitative study. J Health Ser Res Policy 2011, 16:34–
41.
Habraken MMP, Van der Schaaf TW, Leistikow IP, Reijnders-Thijssen PMJ:
Prospective risk analysis of health care processes: A systematic evaluation of
the use of HFMEA in Dutch health care. Ergonomics 2009, 52:809–819.
Wierenga PC, Lie A, Huen L, De Rooij SE, Klazinga NS, Guchelaar HJ,
Smorenburg SM: Application of the bow-tie model in medication safety risk
analysis consecutive experience in two hospitals in the Netherlands. Drug Saf
2009, 32:663–673.
Bonnabry P, Cingria L, Ackermann M, Sadeghipour F, Bigler L, Mach N: Use
of a prospective risk analysis method to improve the safety of the cancer
chemotherapy process. Int J Qual Health Care 2006, 18:9–16.
Joint commission on accreditation of healthcare organizations: Failure Mode
and Effects Analysis in Health Care. Oakbrook Terrace, IL: Ref Type: Report;
2005.

A measurement instrument for prospective risk analysis

127

13.
14.
15.
16.
17.

18.
19.
20.
21.
22.

23.
24.

25.
26.
27.
28.

128

Institute for healthcare improvement: Failure modes and effects analysis
(FMEA). Cambridge, Massachusetts, USA: Ref Type: Online Source; 2013.
Reason JT: Managing the risks of organizational accidents. 6th edition.
Aldershot: Ashgate; 1997.
Groeneweg J: Controlling the controllable: preventing business upsets.
Leiden, The Netherlands: Global Safety Group; 2002.
Reason J: Human error. Cambridge: Cambridge University Press; 1990.
Parker D, Lawton R: Managing medical mishaps: learning lessons from
industry, Recent Advances in Anaesthesia and Intensive Care. London:
Greenwich Medical Media; 2003:209–222.
Croskerry P, Cosby KS, Schenkel SM, Wears RL: Patient safety in emergency
medicine. Philadelphia: Lippincott Williams & Wilkins; 2009.
Van Beuzekom M, Boer F, Akerboom S, Hudson P: Patient safety: latent risk
factors. Br j anaesth 2010, 105:52–59.
Armitage G: Human error theory: relevance to nurse management. J Nurs
Manag 2009, 17:193–202.
Carayon P: Handbook of human factors and ergonomics in health care and
patient safety. Boca Raton, CA: CRC PressI Llc; 2011.
Cambon J, Guarnieri F, Groeneweg J: Towards a new tool for measuring
Safety Management Systems performance, Learning from Diversity: ModelBased Evaluation of Opportunities for Process (Re)-Design and Increasing
Company Resilience. ; 2006:53.
Sujan MA: A novel tool for organisational learning and its impact on safety
culture in a hospital dispensary. Reliab Eng System Safety 2012, 101:21–34.
Raudenbush SW: The quantitative assessment of neighborhood social
environments. In Neighborhoods and Health. Edited by Kawachi I, Berkman
L. Oxford University Press; 2003:112–131.
Cronbach LJ: Coefficient alpha and the internal structure of tests.
Psychometrika 1951, 16:297–334.
Twisk JW: Applied multilevel analysis: a practical guide. Cambridge:
Cambridge University Press; 2006.
Colla JB, Bracken AC, Kinney LM, Week WB: Measuring patient safety
climate: a review of surveys. Qual Saf Health Care 2005, 14:364–366.
Smits M, Christiaans-Dingelhoff I, Wagner C, Van der Wal G, Groenewegen
PP: The psychometric properties of the 'Hospital Survey on Patient Safety
Culture' in Dutch hospitals. BMC Health Serv Res 2008, 8:230.

Chapter 5

Appendix A
Tripod Delta Health Care: questionnaire
Welcome to the risk assessment Tripod Delta HC
In this questionnaire we will inquire about your experiences with regard to a
number of possible risk factors in your department. The questionnaire
contains 75 statements and can be answered in about 15 minutes. Before
starting with filling in the questionnaire we would like to first request some
background information from you.
The questions below will assist us with the analysis and interpretation of the
questionnaire.
What is the year of your birth?
A1.
A2.

What sex are you?

A3.

How long have you been
working at this hospital?

A4.

How long have you been
working in your current
department?

A5.

In which department in this
hospital do you mainly work?

o
o
o
o
o
o
o
o
o

female
male
less than 3 months
3 months to 1 year
1 to 5 years
6 to 10 years
11 to 15 years
16 to 20 years
21 years or more

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

less than 3 months
3 months to 1 year
1 to 5 years
6 to 10 years
11 to 15 years
16 to 20 years
21 years or more
Internal medicine
Cardiology
Neurology
Surgery
Orthopaedics
Intensive care
Accident and emergency
Other, namely:
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A6.

What is your position in this
hospital? Give 1 answer which
describes your position best.

o
o
o
o
o
o
o
o
o

Nursing assistant/ auxiliary nurse
Trainee nurse
Qualified nurse
Physician’s Assistant / Nurse
Practitioner
Physician
Physician in training for specialist
(fellow)
Medical specialist
Pharmacist
Administrative employee / Secretary
Physiotherapist / Occupational
therapist /Speech therapist
Medical analyst / laboratory technician
Radiotherapy technician
Function department employee (for
example heart function, lung function,
EEG)
Management
Other, namely:
less than 3 months
3 months to 1 year
1 to 5 years
6 to 10 years
11 to 15 years
16 to 20 years
21 years or more

o
o
o
o
o
o
o
o
o
o
o
o
o

A7.

How long have you been
working within your current
specialism or this position?

A8.

How many hours per week do
you usually work in this
hospital?

o
o
o
o

less than 20 hours per week
20 to 39 hours per week
40 to 59 hours per week
60 or more hours per week

A9.

Based on your position within
this hospital, do you usually
have direct interaction or
contact with patients?

o

YES, I usually DO have direct
interaction or contact with patients
NO, I usually DO NOT have direct
interaction or contact with patients
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Completion instructions Tripod Delta HC
Please carefully read the instructions below before starting to fill in the questionnaire.
Whilst deciding on your answer ONLY think about the situation at your department
during the LAST HALF YEAR (anything that happened longer ago is no longer
relevant to this research).
Please indicate for each statement the extent to which this statement applies to your
department.
For this you can chose from the answer possibilities below:
1

Strongly disagree

2

Disagree

3

Neutral

4

Agree

5

Strongly agree

NA

Not applicable or no opinion

We use the term 'healthcare staff' in this questionnaire. We mean all care providers
and disciplines which are involved in direct patient care.
1. Less experienced healthcare staff is given work without clear working
instructions.
2. Tasks are inadequately carried out, or not carried out at all, because the
knowledge and skills of the healthcare staff is insufficient.
3. New healthcare staff is sufficiently monitored during their work.
4. The executing staff have sufficient qualifications to carry out their work.
5. Inexperienced healthcare staff is given sufficient time to gain practical experience.
6. Superiors have the competence to carry out their work.
7. The management provides sufficient opportunities to attend courses.
8. There is an instruction programme for new healthcare staff which covers all
important aspects of their work.
9. My application for a course or training programme is often rejected without clear
reasons.
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10. It happens often that I apply for a course or training programme, but cannot
attend due to capacity problems at the department.
11. Thanks to the training policy it is clear which training programmes I can attend
and when.
12. I sometimes have doubts about the professional competence of a colleague.
13. There is always sufficiently experienced healthcare staff present at the
department.
14. I regularly have to redo the work of an inexperienced colleague because it was
not carried out correctly.
15. All important positions at my department are filled by qualified healthcare staff.
16. I often received conflicting information from different sources without knowing
which source is correct.
17. When I am searching for specific information (for example a procedure) I often
don't know where to find this.
18. My questions are always answered within a reasonable period of time (from, for
example, supporting departments or specialists).
19. I often receive important information about changes in working methods and
arrangements through the grapevine instead of through the official route.
20. I have sometimes made a mistake because the necessary information had not
been correctly conveyed.
21. Important information is often sent to the wrong department in the hospital.
22. I often receive so much information that I have to ignore (part of) this
information.
23. I am often confronted with a code or abbreviation the meaning of which I don't
know and cannot easily find out.
24. In my work area there is often so much noise that I cannot understand important
information.
25. Generally I can reach other departments easily by telephone.
26. I sometimes do not receive a letter or email with important information because I
was omitted from the mailing list by mistake.
27. I often receive outdated information.
28. When I ask something from different colleagues I get a different answer from
each of them.
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29. I am aware of departments within my hospital that do not give me information
when I ask for this, without good grounds.
30. Patient information is often sent too late to a department.
31. The tasks are not properly coordinated between departments so that work is
carried out twice.
32. Relatively unimportant matters take up too much of my time.
33. I have sometimes been held wrongly responsible for something.
34. I sometimes have to take decisions although I know that they are not part of my
responsibilities.
35. Management sometimes give me orders which in my opinion are unnecessary.
36. My superior has sometimes reversed a decision I made without consulting with
me.
37. The management has persevered with an unusual policy.
38. I often have to work outside my normal working hours due to poor cooperation.
39. I have the sufficient competence to carry out my work properly.
40. It has happened before that I did not know to whom I could delegate tasks.
41. It has happened before that I disagreed with a specific approach but did not dare
speak about this with my superior.
42. It is always clear in my work situation who is responsible for what.
43. There are sometimes complaints made against me although I was not responsible
for what had happened.
44. I sometimes have carried out the same work twice due to miscommunication
between departments.
45. There is sufficiently qualified healthcare staff present to carry our all necessary
work in my department.
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46. I sometimes carry out work against my will, under pressure from my superior.
47. I have to deal with unworkable procedures in my work.
48. A discussion has arisen before about a decision to be taken as a result of unclear
procedures.
49. Necessary maintenance work has been postponed due to high costs.
50. I always have a sufficient budget available to carry out my work properly.
51. At busy times I have to carry out more work than my actual task requires of me.
52. There are procedures in force that are too cumbersome to work with.
53. I work together with people who have been employed on the basis of financial
considerations and not on the basis of their qualities.
54. Management has failed before to resolve a clear risk situation because it is
economically cheaper (for example a defect of equipment, colleagues who do not
want to communicate with each other etc.)
55. I report all incidents in accordance with the usual procedure at my department.
56. Problems have arisen regarding adherence to procedures that have been
implemented too quickly.
57. There is always sufficiently qualified healthcare staff at the department to carry out
the work properly.
58. I have had to sacrifice my lunch break before because there is a shortage of staff.
59. Sometimes I dare not discuss a complaint with my superior because I am afraid of
his/her reaction.
60. Certain informal rules within the hospital are in conflict with formal rules.

Explanation: The following questions are about working procedures. Procedure means a
description of a working method, working process, guideline or system. This research
is in particular about working procedures, which describe how a task must be carried
out by healthcare staff. For example, think of a working procedure about the doublechecking of medication, calculation of doses, putting in a drip, standards of competence
for the use of equipment, requests for laboratory tests etcetera.
61. Because procedures are insufficiently clear, I sometimes have to act according to my
own discretion.
62. There are rules in the hospital which can be interpreted in different ways.
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63. I have sometimes been confronted with a procedure, the meaning of which was
completely unclear to me.
64. I sometimes have had extra work for a relatively simple task because I had to follow
a cumbersome procedure.
65. I have sometimes searched for information which I subsequently found spread over
different places.
66. I have sometimes been confronted with a procedure which was formulated in a
such a complex way that I could not oversee what would happen if I would follow
the procedure.
67. The procedures which I need for my work link up with practice.
68. I sometimes work with instruments or equipment for which a clear manual is
lacking.
69. I have sometimes ended up in a situation whereby it was unclear if a procedure
existed about how to act in such a situation.
70. I have sometimes been confronted with new procedures which were not workable.
71. I have sometimes not been able to find a procedure which I needed at that time.
72. I have sometimes had to use a procedure which was so unclear that I had to
determine myself how I had to act.
73. There have sometimes been procedures concerning my work which had been
changed without me being informed about this.
74. I sometimes have had to deal with procedures the authors of which clearly had no
understanding of how it would function in practice.
75. It has happened that I did not understand a procedure due to the unclear lay-out.

Thank you for filling in the questionnaire!
If you have any comments about the questionnaire then you can note these down
below.
Tripod Delta HC ©NIVEL and Stichting Tripod Foundation
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