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Abstract

Background: Medication process is a powerful instrument for curing patients. Obeying the commands of this process has an im-
portant role in the treatment and provision of care to patients. Medication error, as a complicated process, can occur in any stage
of this process, and to avoid it, appropriate decision-making, cognition, and performance of the hospital staff are needed.
Objectives: The present study aimed at identifying and evaluating the nature and reasons of human errors in the medication pro-
cess in a hospital using the extended CREAM method.
Methods: This was a qualitative and cross-sectional study conducted in a hospital in Hamadan. In this study, first, the medication
process was selected as a critical issue based on the opinions of experts, specialists, and experienced individuals in the nursing and
medical departments. Then, the process was analyzed into relative steps and substeps using the method of HTA and was evaluated
using extended CREAM technique considering the probability of human errors.
Results: Based on the findings achieved through the basic CREAM method, the highest CFPt was in the step of medicine administra-
tion to patients (0.056). Moreover, the results revealed that the highest CFPt was in the substeps of calculating the dose of medicine
and determining the method of prescription and identifying the patient (0.0796 and 0.0785, respectively). Also, the least CFPt was
related to transcribing the prescribed medicine from file to worksheet of medicine (0.0106).
Conclusions: Considering the critical consequences of human errors in the medication process, holding pharmacological retrain-
ing classes, using the principles of executing pharmaceutical orders, increasing medical personnel, reducing working overtime,
organizing work shifts, and using error reporting systems are of paramount importance.
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1. Background

In the modern world, due to growth in medical and
hygiene services, complicated equipment are used in per-
forming related activities, and as a result, failures caused
by such equipment have become an issue of discussion in
the criterion of safety of patients (1). Protecting patient
safety is one of the basic issues in the systems of provid-
ing health services (2), and this is considered as a main
concern in the mentioned systems. Medication errors are
considered as the commonest medical errors that are used
nowadays as an index for determining the extent of pa-
tients’ safety in hospitals because of their frequency of oc-
currence and probable dangers to patients (3). Medication
is a powerful instrument for curing patients and execut-
ing its orders has a salient role in the process of curing
patients and providing care for them (4). As medication
errors and correct decision, cognition, and performance
of the personnel working in hospital sections are compli-
cated processes, errors can occur in each of the medication

processes (5). Occurrence of medication errors can cause
serious problems in public health and is considered as a
threat to patients’ safety (6). These errors are put in one
of the 5 categories of medical errors made by the institute
of medicine (IOM) (7). Medication errors have unpleasant
consequences, such as increase in patient deaths, hospital-
ization periods, and medical expenses (8, 9). Occurrence
of these errors results in distrust and dissatisfaction of pa-
tients from systems responsible for providing medical ser-
vices (10). Based on the reports of IOM, about 1000 peo-
ple die in the USA annually due to medication errors, and
the financial expenses regarding these errors is about $3.5
billion per year (11). Studies in European countries have
revealed that 19% to 28% of hospitalized patients are vic-
tims of medication errors (12). These errors have adverse
effects on patients, on medical personnel, and on health
services and organizations, and finally they result in de-
creased quality of care. Therefore, identifying the reasons
of their occurrence and taking the necessary measures to
reduce them can be considered as priorities of health sys-

Copyright © 2017, Jundishapur Journal of Health Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

http://jjhsci.com
http://dx.doi.org/10.5812/jjhs.64062


Mohammadfam I et al.

tems research.
Therefore, to increase the safety of patients, it is im-

portant to take measures with the goal of controlling pre-
ventable errors and unpleasant events (13). Precise identi-
fication of medical errors and unpleasant events is a key
to improvement and advancement in successfully prevent-
ing errors and decreasing the costs of health care (14).
Thus, to take effective measures, we should have a good un-
derstanding of errors.

There are various methods for identifying and evaluat-
ing errors in all professions. The cognitive reliability er-
ror analysis method (CREAM) was provided by Hollnagel
in 1998. This method is a frequently used second genera-
tion HRA technique in the safety science literature, with de-
tailed theoretical literature, and concentrates on the cog-
nitive grounds of human behaviors (15, 16).

Because of the capabilities of the extended CREAM
method in identification and quantitative assessment of
human errors in steps and substeps of related processes
and also determining the mode of existing controls and
role of factors affecting the performance rate of human er-
rors, this method was used in this study. It is evident that in
several studies, CREAM method, which is used to identify
and assess human errors, has been used in various fields,
such as health care system. For example, the studies of Mo-
hammadfam et al. and others can be noted (3, 4, 16-23).

2. Objectives

The present study aimed at identifying and assessing
human errors in medication process using the extended
CREAM method. This was a cross-sectional study con-
ducted in a hospital in Hamadan. The findings of this study
can help identify the reasons for the occurrence of hu-
man errors and help reduce them and their consequences
and thus reduce the medical expenses and hospitalization
time, and at the same time, increase satisfaction and pa-
tients’ trust in the medical environment and personnel.

3. Methods

This was a qualitative and cross-sectional study con-
ducted in a hospital in Hamadan. In this study, first, the
medication process was selected as a critical issue based
on the opinions of experts, specialists, and experienced
people in the nursing and medical departments. After-
wards, the process was evaluated using extended CREAM
technique to determine the probability of human errors.

Based on principles of the method selected, the stages
of this study were as follow:

3.1. Analyzing the Desired Process Using Hierarchical Task Anal-
ysis (HTA) Method

In this study, for analysis, the process was categorized
into relative steps and substeps by HTA method (24).

3.2. Evaluating Common Performance Conditions (CPCs)

In this stage, through using the field study, interview-
ing the medical personnel of the hospital, and observing
the documents, the general features of each process and
conditions of work that affected the performances of users
were analyzed using the CPCs table from the extended
CREAM method. To determin CPCs through interviews, us-
ing the following questions, 23 medical staff, who were in-
volved in medication process, were asked to rate the effec-
tiveness of each CPC on the steps of the process (Table 1).The
conditions that resulted in improved or reduced perfor-
mance or those that had no effect were identified, and the
total number for each step of the study was counted. These
conditions included 9 factors, which were individual, tech-
nical, or instrumental.

3.3. Determining the Coefficient of Control Mode (β) and Con-
trol Modes

At this stage, the total number of all activities that re-
sulted in the reduction of performance (

∑
R) was sub-

tracted from the ones resulting in improving the perfor-
mance (

∑
I) (Equation 1). The number achieved was used

to determine the probable controls of performers for each
step.

(1)β =
∑

R−
∑

I

3.4. Determining the Cognitive Failure Probability Total (CFPt)

In this stage, with β and using the equation of CFPt
(Equation 2), the cognitive failure probability total was cal-
culated for each step.

(2)CFPt = 0.0056× 100.25β

3.5. Obtaining the Number of Performance Influence Index (PII)
and Context Influence Index (CII) for Each Activity

Using the results achieved through basic CREAM, the
number of performance influence index (PII) was deter-
mined for each CPC relative to each step of the medica-
tion process using the database of the relative table. As the
number of CPCs is 9, 9 PIIs should be determined for each
step of the process. Then, using Equation 3, the number of
context influence index (CII) was determined for each step
of the medication process.

(3)CII =
∑9

i=1
PII
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Table 1. CPCs and Performance Reliability

CPC/Description CPC Level Effects

Adequacy of organization: The quality of the support and resources provided by the management for the
job being performed.

Very efficient Improved

Efficient Not significant

Inefficient Reduced

Deficient Reduced

Working conditions: The conditions under which the job takes place, such as insufficient lighting, heat,
noise, interruptions from the task etc.

Advantageous Improved

Compatible Not significant

Incompatible Reduced

Adequacy of MMI and operational support: The quality of the MMI and/or specific operational support
provided for operators.

Supportive Improved

Adequate Not significant

Tolerable Not significant

Inappropriate Reduced

Availability of procedures/plans: The availability of prepared procedure for the job to be carried out.

Appropriate Improved

Acceptable Not significant

Inappropriate Reduced

Number of simultaneous goals: The number of activity operators must attend to.

Fewer than capacity Not significant

Matching current capacity Not significant

More than capacity Reduced

Available Time: The time available to complete the task.

Adequate Improved

Temporarily inadequate Not significant

Continuously inadequate Reduced

Time of day (circadian rhythm): The time at which the work is carried out.
Day-time (adjusted) Not significant

Night-time (unadjusted) Reduced

Adequacy of training and preparation: The level of readiness for the work as provided through training
and prior instruction.

Adequate, high experience Improved

Adequate, limited experience Not significant

Inadequate Reduced

Crew collaboration quality: The quality of collaboration between employment.

Very efficient Improved

Efficient Not significant

Inefficient Not significant

Deficient Reduced

3.6. Presenting the Cognitive Demands

In this stage, the cognitive demands were determined
according to each substep of the medication process us-
ing the table of cognitive activities to establish cognitive
demands and determine cognitive features and the proba-
bility of cognitive failures needed for each substep.

3.7. Recognition of Probable Cognitive Errors

After determining each cognitive demand relative to
each substep of the medication process, the probable cog-
nitive errors for each substep were determined in the 4

groups of observation, interpretation, planning, and exe-
cution. Then, the basic values (CFP0) for each of them were
recognized.

3.8. Evaluating the Cognitive Failure Probability (CFPi) as
Quantitative

In this stage, considering the numbers found from the
previous stages and the ones found using Equation 4 for
each step of the process, the amount of the final CFP for
each substep was calculated (17, 25).

Equation 4.
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(4)CFP = CFP 0 × 100.25CII

4. Results

Using the HTA method, the medication process was
divided into 6 steps of physician’s prescription, recheck-
ing and transcribing by nurses, finding and preparing
medicine, recognizing and preparing patients, medicine
administration to patient, and documentation. CFPts for
each of the steps are summarized in Table 2 with their con-
trol modes.

Using the extended CREAM method and determining
the main substep of each step, the CFPi of each of them was
determined (Table 3). In this process, the largest amount of
CFPi was in the substeps calculation of doses of medicine
and determining the method of prescription by physi-
cians and recognizing patients (0.0796 and 0.0785, respec-
tively), and the least amount was in the substep transcrip-
tion of the prescribed medicine from file to worksheet of
medicine (0.0106).

Also, results of the extended CREAM method revealed
that 55% of the total identified cognitive failures in the
medication process were related to execution error, 25% to
observation error, and 10% to interpretation error.

Observing the profile of cognitive demands, these ac-
tivities were identified for medication process as follow: ac-
tivities executed (25%), identification (20%), record (20%),
evaluation (15%), diagnosis (10%), monitoring (5%), and
communication (5%).

5. Discussion

In recent years, there have been numerous studies re-
garding the criticality of the medication process. In this
study, based on the findings achieved by the basic CREAM
method, the highest CFPt is related to the step of medicine
administration to the patient (0.056). In the study of Ruiz
et al., after analyzing the medication errors in a neonatal
ward of a hospital, it was found that the highest reported
rate of medication errors was related to error in medicine
administration to patient (68.1%), followed by error in pre-
scription of medicine (39.5%) (26). Also, in another study,
it was found that in the process of medication, most er-
rors occurred at the time of prescription and medicine ad-
ministration to the patient (27). In another study done by
Port et al., with the goal of observation of prescription of
medicine for patients, the results revealed that 36% of er-
rors occurred at the time of giving medicine to patients,
19% in the method of consumption of medicine, 15% in
the amount of medicine, and 10% in the prescription of
medicine without doctors’ prior order (28). Also, in a study

done by Choi et al., on the medical expenses and their in-
crease because of medication errors for hospitalized pa-
tients, most errors were observed in the stage of drug ad-
ministration to the patient by nurses (189 errors) (29). In
the study of Mohammadnejad et al. on the analysis of
the extent and type of medication errors in nursing stu-
dents, it was revealed that the commonest type of medi-
cation errors was error in dose and type of medicine and
the commonest reasons for medication errors was error in
writing the name and dose of medicine in pharmaceuti-
cal worksheets, moreover, most errors occurred in IV ther-
apies (51.35%) (30). In a similar study in a psychiatric hos-
pital, the most frequent error was incorrect dose omission
(52/139, 37%). Other frequent errors included incorrect dose
(25/139, 18%), incorrect form (16/139, 12%), and incorrect time
(12/139, 9%) (31). The results of all these studies agreed with
those of our study.

According to the basic CREAM method, the factors re-
lated to decrease in the reliability of performance (CPCs)
were number of simultaneous goals, available time for per-
forming a task, time of day, and adequacy of training and
experience. They result in errors in passing through steps
of the medication process and the style of opportunistic
control. Mohammadfam et al. in a study, whose goal was
to recognize and evaluate the nature and reasons of hu-
man errors of CCU nurses in a hospital, used CREAM tech-
nique and stated that the 2 factors of performing 2 or more
tasks at the same time and the availability of time to work
were the main reasons for occurrence of errors in perfor-
mances of nurses (4). Also, in a study done by Jolaee et al.
about the analysis of occurrence and report of medication
errors of nurses and their relations with work conditions
in a hospital, they found a significant relationship between
medication errors of nurses and their work conditions. In
proper work conditions, there was less probability of med-
ication errors compared to improper ones (32). The results
of the study done by Beidokhty et al. revealed that illegible
orders of the physician, lack of personnel, high workload,
and overtime work of medical personnel are some of the
effective factors in medication errors (33). Also, Reason, in
his study, found that work conditions, such as lack of time,
lack of personnel, improper facilities, and lack of experi-
ence, result in an increase in unsafe clinical activities and
occurrence of clinical errors (34). Seki et al. acknowledged
that working conditions also lead to clinical errors, but lit-
tle attention has been paid to this matter (35). The results
of this study were in agreement with those of the current
study.

In the basic CREAM method, the goal was to increase
the reliability of performance and decrease the CFPt, for
which the type control mode must move from opportunis-
tic to strategic (16). Therefore, based on the findings of
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Table 2. Results of the Basic CREAM Method in the Medication Process

Step CFPt Control Mode

Physician’s prescribing 0.0177 Opportunistic control

Checking again and transcribing 0.0177 Opportunistic control

Finding and preparing medicine 0.0315 Opportunistic control

Recognizing and preparing patient 0.0315 Opportunistic control

Medicine administration to patient 0.0560 Opportunistic control

Documenting 0.0099 Tactical control

Table 3. Results of the Extended CREAM Technique in the Medication Process

Step Substep Cognitive Activity Cognitive Function Generic Failure Type CFP Adjusted

Med1.Physician’s prescription

Med 1.1- getting accurate
information about patients
including age (children) and
weight by physician

Identification Observation Wrong identification 0.0278

Med 1.2- calculating the dose of
medicine and determining the
method of prescription

Diagnosis Interpretation Faulty diagnosis 0.0796

Med 1.3- recording the stages of
calculation of medical doses and
the method of prescription in the
papers of physicians’ orders

Record Execution Action of wrong type 0.0119

Med6. Documenting

Med 6.1- recording equipment and
consumptive instruments of
patient in HIS system

Record Execution Action of wrong type 0.0119

Med 6.2- recording the done
efforts and observations of nurse
in the papers of nurse report

Record Execution Action of wrong type 0.0119

this study, the CPCs could improve, the reliability of per-
formance of medical personnel could increase, and the
CPCs could decrease through specialized training, retrain-
ing scientific and practical skills, increasing personnel, de-
creasing overtime work, and organizing work shifts.

According to findings achieved via the extended
CREAM method for the medication process in the cur-
rent study, it was found that the highest probability of
cognitive failure was related to the substep of “calculat-
ing pharmaceutical dose and determining the method
of prescription” in the step of physician’s prescription
(0.0796). In a study done by Jalalifar et al. it was found
that errors in determining the dosage of medicine or not
writing the dose of medicine in the doctors’ orders were
the most common errors in prescription step. On the
other hand, insufficiency of pharmaceutical knowledge
was one of the main reasons for the occurrence of errors
in the prescription and administering drug steps (36). In
the study of Taheri et al. on analyzing the type and amount
of medication errors in the neonatal ICU of 5 training hos-
pitals, it was revealed that medication errors in injectable

drugs were recognized in this order: error in the time of
drug administration (51% to 60%), error in pharmaceutical
calculations (51% to 60%), and wrong dosage of a drug (41%
to 50%) (37). In the study of Micro et al., which analyzed the
process of prescription of medicine in internal medicine
department, the commonest reasons of medication er-
rors were illegibility of pharmaceutical commands in
the files of patients (13.3%), error in preparing the dose
of the medicine (30%), and error in prescribing the type
of medicine (28.3%) (38). Also, in the study of Heydari
et al., findings revealed that in ranking the reasons for
medication errors, nurses considered the illegibility of
the order of physicians as the most salient and damage to
pharmaceutical labels as the least important (39). Also, in
the study of Enguidanos and Brumley, the most important
causes of medication errors were legibility, use of medical
abbreviations, and incomplete and missing entries (40).

In the second rank, the highest probability of cogni-
tive failure was 0.0785 in the substep of recognition of pa-
tients. The study of ebrahimpour et al. on the analysis of
patient safety and nurses’ errors in the execution of phar-
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maceutical orders revealed that the commonest medica-
tion errors were giving medicine to wrong patients and er-
ror in recognizing patients (36%) (41). According to the ex-
tended CREAM technique, the most identified failures were
errors in execution, observation, and interpretation; and
the most important cognitive activities were activities of
execution, identification, recording, evaluation, and diag-
nosis.

Although the extended CREAM technique has provided
quantification of human error in the process, relying on
the role of CPCs on observations, interviews, and docu-
ment review are the weaknesses of this technique.

The major limitation of this study was the difficult ac-
cess to the documentation related to human errors in hos-
pitals.

5.1. Conclusions
Error is a part of normal human behavior and is also

unavoidable in health care. Considering the critical con-
sequences of human errors in the medication process,
to decrease medication errors and increase patient safety
the following efforts are highly recommended: updat-
ing knowledge of health experts about the errors of the
medication process through holding retraining classes
of pharmacology and principles of execution of pharma-
ceutical orders; increasing medical personnel; decreasing
overtime working; organizing work shifts; using error re-
porting systems; evaluating errors periodically to inform
the personnel about possible errors and their frequencies
of occurrence; encouraging the medical personnel to re-
port errors in medication process; gaining experience to
prevent the recurrence of errors; and promoting patient
safety culture.
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