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Abstract

Medication error is a major issue in healthcare industry and significant efforts have been taken in recent years to
comprehend factors that influence errors in medication. Therefore, the present study aims to examine individual
factors that contribute to medication errors as perceived by nurses. 255 registered nurses working in different
Jordanian public hospitals have been chosen as samples to collect the study data from. They were asked to
complete a questionnaire to assess the perceived individual factors, specifically, on nursing mathematical
calculation skills and training as well as knowledge on medication treatment as factors contributing to
medication errors. The current study found that the nurses’ mathematical calculation skills, training and their
knowledge on medication treatment have significant relationship with medication error. This was proven as the
study framework is able to explain 45.6% of the total variance. Consequently, it is recommended that healthcare
authorities and hospitals in Jordan should focus on nursing knowledge in medication treatment and the nurses’
ability to perform drug calculation in order to improve the medication system in Jordan.
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1. Introduction

Medication treatment is a fundamental element in the treatment of illnesses (Kelly, 2004). It is a
multi-disciplined practice which requires synchronized efforts and participation of healthcare professionals to
carefully distribute medicine to patients without causing any injury (Manojlovich & DeCicco, 2007). Nurses are
responsible for a major part of this process of administering medication to patients (Brady et al., 2009). Studies
have reported that medication treatment is encompasses 40% of nurse’s daily duties (Armitage & Knapman,
2003). According to Scott (2002), medication error rate has increased significantly over the preceding decade by
500%. A study by Taxis and Barber (2003) outlined that the frequency of medication error is yet further
prevalence with 50% of medication treatment involving error.

Previous reports in America stated that fatal injures caused by medical error has exceeded 44,000 patients each
year leading to expenditure exceeds 17 billion US dollar (Kohn, Corrigan, & Donaldson, 2000). This has made
medication error considered as the most common form of medical errors (Hayajneh, AbuAlRub, &
Almakhzoomy, 2010; Kaushal et al., 2001).

Gurwitz et al. (2000) reported that 350,000 medication errors in the US occurred at the community base health
facilities alone and 50% of those medication errors were preventable errors. Likewise, another study reported
that about 1.9 million medical errors take place in the US every year (Gurwitz et al., 2005). Moreover, a review
of European studies stated that 19-28% of patients are suffering from medication errors at one point of their
hospitalization period (Johnstone & Kanitsaki, 2006).

Jordanian hospitals are also not sparred from this pattern. A study conducted in Jordanian hospitals which
assessed medication errors from nursing point view estimated that each nurse experienced about 2.2 medication
errors during their career (Mrayyan, Shishani, & Al-Faouri, 2007). Another study in 2008 also found that nurses
experience more than 6 errors throughout their professional career (Mrayyan, Shishani, Faouri, & Ammouri,
2008). Other studies in Jordan reported that nearly 28% of patients admitted to Jordanian hospitals suffered from
medical error. The study also suggested that 58% of those medical errors were medication errors which make
them the most prevalence medical errors in Jordan (Hayajneh et al., 2010).

Even though there are many cases reported on medication error, many literature showed that the area of
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medication error is relatively vague and there are very limited studies regarding the causal factors for medication
error (Flynn, Liang, Dickson, Xie, & Suh, 2012; Mrayyan et al., 2007). Indeed, it is a very complex process to
identify the factors that cause medication error as pointed out by Armitage and Knapman (2003), but in order to
successfully address the issue, a lot more studies should be done and focused on understanding the reason behind
the occurrence of medication errors.

Nurses usually are ‘the last connection in the drug treatment chain’ before medication errors can occur to patient.
Therefore nurses usually have been held responsible for errors (Keers, Williams, Cooke, & Ashcroft, 2013).

Medication error contributing factors could be classified into three categories: individual, contextual and
knowledge-based (Hand & Barber, 2000). However, individual attributes have been mainly looked at as being
responsible for medication error, since nurses have a primary role in the medication process (Wakefield,
Uden-Holman, & Wakefield, 2005).

These factors include: demographic characteristics, education level, experience and the psychological conditions
of nurses (Mrayyan et al., 2007). Nevertheless, most of these individual attributes have been found to be not
significantly related to error in the medication treatment process. In addition, the association which link nurses’
individual factors and medication error was weak (Mayo & Duncan, 2004).

Moreover, a lot of studies also highlighted other individual factors contribute to medication errors such as
medication calculations ability, the level of knowledge and proficiency in medication treatment process, the
neglect of medication protocol of their institution as a result of heavy workload, insufficient work experience and
unsuitable work environment (Alsulami, Conroy, & Choonara, 2013).

Individual factors can play a substantial role in nurses’ decision making process and influence their professional
judgment, leading to medication error (Armitage & Knapman, 2003). Hence, individual factors are an essential
aspect of human judgment from the perspective of the medication process (Veazie, 2006)

Generally, medication errors can occur in any stage of the medication treatment process, although a significant
number of errors occur at medication administration stage (Al-Shara, 2011). Furthermore, studies on empirical
findings suggest that insufficient knowledge in pharmacology and medication preparation are the most common
obstacles that nurses encountered during the medication administration stage (Cowley, Williams, & Cousins,
2001; Lan et al., 2014)

Nurses’ knowledge on medication and their ability to perform precise drug calculation is one of the most
important factors to ensure their competence in performing medication treatment to patient in correct and safe
manner (Ehsani et al., 2013)

According to Alsulami et al. (2013), a systematic review of 12 different studies that investigate factors which
contribute to medication errors has reported that the most common contributing factors of medication errors were
poor knowledge in medication, medication preparation, medication calculation and medication administration.

Other studies also have highlighted that nurses’ knowledge on the medication process as well as correct dosages
and administration method are the most significant factors affecting medication errors (Armitage & Knapman,
2003; Ehsani et al., 2013; Lan et al., 2014; Tang, Sheu, Yu, Wei, & Chen, 2007; Wakefield et al., 2005; Webster
& Anderson, 2002).

As pointed by Armitage and Knapman (2003), Capriotti (2004), Mrayyan et al. (2007), O’Shea (1999), and
Wright (2010), the ability of nurses in calculating drug dosages and training is vital in the medication
administration process. Nurses with poor mathematical skills will likely increase the risk of error in calculating
dosages due to the complexity of drug calculation and the need to stick with precise medication dosage. Many
studies have outlined that incorrect dosage as one of the most common medication error (Cowley et al., 2001;
Lan et al., 2014).

Nurse’s knowledge in medication administration process can improve knowledge-based and skill-based levels in
problem solving ability during the medication administration process (O’Shea, 1999; Reason, 1990).
Additionally, nurses with better knowledge in medication will help them to deal with problems at higher level
which eventually will lead to lower chance of error occurrence (Armitage & Knapman, 2003; Brady et al., 2009;
Hoffman & Proulx, 2003; O’Shea, 1999).

Nurses are required to possess adequate knowledge of drugs action mechanism, side effects and correct method
of administration due to the fact that they are accountable for most of the administration process. Nevertheless
with the increasing number of available medication and different administration methods in hospitals, nurses
have the responsibility to update their knowledge regarding any new information concerning medication
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treatment process (Alsulami et al., 2013; Lan et al., 2014; O’Shea, 1999). Keeping that in mind, this study
investigates the influence of nurses’ mathematical calculation skills and training and their knowledge on
medication treatment in causing medication error.

2. Methodology
2.1 Sample, Setting, and Design

The present study uses a cross-sectional descriptive correlational design and received ethical permission from the
Ministry of Health in Jordan for data gathering. The data gathering procedure began in March 2015 and
completed by July 2015. A total of 495 questionnaires were distributed, yet only 255 valid questionnaires were
collected or 56.3% of respondent rate.

The study took a sample of nurses who work in three public hospitals in Jordan whom were selected through
cluster random sampling technique. The study’s sample criteria were registered nurses who had worked in
hospital setting for a minimum period of six months and who are involved in direct patient care. These two
criteria were set to guarantee the necessary level of competence and experience in the medication process and to
ensure that nurses had sufficient experience to be competent in medication treatment process.

2.2 Research Instrument

The present study used a correlational survey. The questionnaire includes 25 items that reflects the study’s three
key constructs, which are medication error as the dependant variable and two independent variables. While the
individual conditions constructed of nursing calculation skills and training and knowledge of medication
administration process. The questionnaire was consisted of 4 parts:

2.2.1 Medication Error

According to Beyea, Hicks, and Becker (2003), this term was defined as a mistake in any stage of the medication
process: ordering, transcription, dispensing, and administration, and discharge summaries, which included
incorrect as well as missing procedures. Medication error was assessed using the modified Gladstone’s scale
(Mrayyan et al., 2007) which used 10 items that evaluate nurses’ self-reported perceptions of medication errors,
using Likert-type scale with response ranging from “7=strongly agree’’ to ‘‘1=strongly disagree’’.

2.2.2 Nursing Calculation Skills and Training

This term was defined as nurse’s perception of the level of mathematical ability and training that is required in
the process of medication administration (Mayo & Duncan, 2004). The 10 items adopted from Mayo and
Duncan (2004), the instrument using seven points Likert-type scale ranging from “7=strongly agree’’ to
““1=strongly disagree’’.

2.2.3 Knowledge of Medication Administration Process

This knowledge was defined as nurses’ perception on the level knowledge required to ensure correct completion
of drug administration process (Minick et al., 2000; as cited in Chang, 2007). This factor was assessed with five
items using seven points Likert-type scale ranging from “7=strongly agree’’ to ‘‘1=strongly disagree’’.

2.2.4 The Demographic Characteristics

The demographic characteristics in this study consist of gender, age, years as registered nurse (RN), education
qualification of the respondent, years of employment, the area of work, and work hours per week.

After confirming the content-face validity, a pilot study was done to assess the appropriateness of tool to the
study settings to establish the reliability and validity of the instrument. Cronbach’s alpha was used to evaluate
the reliability of the present study scales and the score were 0.78 and higher for the entire study instrument
variables.

2.3 Data Analysis

Descriptive data (including study respondents’ characteristics and study constructs) were obtained using SPSS
software (SPSS version 20). The current study used Partial Least Squares-Structural Equation Modeling
(PLS-SEM version 2.0) to evaluate the measurement model and structural model of the present study.

3. Results

The findings show that more than half of the respondents (144 registered nurses) were female nurses or 56%.
The majority of the study sample fits in to the age category of 30-39 years old, and about 30% of the respondents
have worked as RN for 3-5 years. Majority of the respondents (80%) had bachelor’s degree and a total of 29% of
them have working experience of 1-3 years. For the hospital work area, about 57% of respondents are working in
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the medical, surgical, maternity and pediatric units while the majority of nurses (89%) work for more than 40
hours per week. Table 1 illustrates the demographic characteristics of the participants.

Table 1. Demographic characteristics of the participants

Number Percentage
Gender
Male 111 44
Female 144 56
Age
Under 30 years old 111 43
30-39 years old 114 45
40-49 years old 22 9
50 and above years old 8 3
RN Licenses
Less than 1 year 17 7
1-3 years 59 23
3-5 years 77 30
5-10 years 59 23
10-20 years 34 13
More than 20 years 9 4
Degree
Bachelor’s in Nursing 204 80
Master’s in Nursing 45 18
Doctorate in Nursing 6 2
Employment
<1 year 27 11
1-3 years 75 29
3-5 years 33 13
5-10 years 62 24
10-20 years 51 20
>20 years 7 3
Area
Medical/Surgical 84 33
Intensive Care (ICU) 73 29
Maternal/Women’s 32 13
Pediatrics 18 7
Emergency 25 10
Operation Room 10
Others 13 5
Hour per week
24 to 30 hours/week 2 |
31 to 40 hours/week 25 10
Over 40 hours/week 228 89

Table 2 represents the analysis of 255 valid cases of the study. Specifically, medication error mean and standard
deviation were 4.19 and 1.32 respectively which suggest that the respondents experience a moderate level of
medication error in their units. Also, the outcome indicates a moderate level for nurses’ mathematical
calculations skills at a mean of 4.47 and a standard deviation of 1.31. The result for nurses’ knowledge indicates
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a moderate level with mean of 4.34, and standard deviation of 1.40.

Table 2. Descriptive statistics of the study variables

Latent Variables Mean Std. Deviation
Medication Error 4.19 1.32
Nurses knowledge 4.34 1.40
Nursing mathematical skills 4.47 1.31

The present study had adopted two steps of PLS path process. The first step is the assessment of a measurement
model, and the second step is the assessment of a structural model (Hair, Ringle, & Sarstedt, 2011; Hair, Hult,
Ringle, & Sarstedt, 2014). Moreover, the present study completed the evaluation of the measurement model and
established its validity and reliability (as shown in Figure 1).

Mathematical

knowledge
Medication error

Figure 1. Measurement Model

Further, the present study assessed the significance of the path coefficients by applying bootstrapping method
with 5000 bootstraps (Hair et al., 2014; Hair et al., 2011; Henseler, Ringle, & Sinkovics, 2009), (Figure 2 and
Table 3 report the full estimation of the study’s structural model).

Nurses’ mathematical calculation skills and nursing knowledge of medication are both significantly associated
with medication error. Specifically, the findings as shown in (Table 3 and Figure 2) revealed a significantly
negative association between the nurses’ mathematical calculations skills and training in medication
administration process and medication error (f=-0.405, t=5.991, p<0.001). Furthermore, the current study
findings (Table 3, Figure 2) demonstrated a significantly negative relationship between nurses’ knowledge in the
medication administration process and medication error (=-0.332, t=4.941, p<0.001).

Table 3. Structural model assessment with moderator (full model)

Hypotheses Relation Beta SE t-value p-value
H1 ME->Nurses mathematical skills -0.405 0.068 5.991 0.000%**
H2 ME->Nurses knowledge -0.332 0.068 4.941 0.000%**

Note. ***Significant at 0.01 (1-tailed), **significant at 0.05 (1-tailed), *significant at 0.10 (1-tailed)

Based on the findings, The current study’s model, which constructed of nurses mathematical skills and nurses
knowledge, is statistically significant and has explained about 46% (R-squared value) of the total variance in the
dependent variable (medication error) (see Figure 1). Consequently, the endogenous latent variable reports a
moderate level R-squared value which is considered an acceptable level following Chin (1998) criteria. The
highest negative contribution in predicting medication error was done by Nurses mathematical skills ability and
training (B=-0.405, p <0.001); while knowledge in the medication administration process ($=-0.332, p<0.001).
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knowledge 4.
Medication error

Figure 2. Structural Mode

4. Discussion

The present study aims to shed light on individual conditions that can produce medication error in the context of
the nurses’” workplace. And it is more particular on the influence of mathematical calculation ability and training
as well as nursing knowledge in medication administration process on medication error. It is therefore clear that
the nurses’ mathematical calculation skills are vital in the process of medication treatment due to the complexity
of drug dosage calculation and the need to adhere to a precise drug regimen (Alsulami et al., 2013).

Hence, lower calculation skills can increase the risk of medication error (Cowley et al., 2001; Lan et al., 2014).
This result seems to be consistent with previous studies that reported a negative association between medication
error and mathematical calculation skills of nurses (Armitage & Knapman, 2003; Capriotti, 2004; Mrayyan et al.,
2007; O’Shea, 1999; Wright, 2010). Moreover, the calculation ability in nursing practice nurses working with
high alert drugs where there is a necessity for weight-based drug dosing and multiple calculations, dilution of
drug with solutions is extremely important (Cowley et al., 2001; Tang et al., 2007).

Secondly, the present study finds that nurses’ knowledge in medication is significantly correlated in a negative
manner with medication error which is consistent with the findings of previous studies by Armitage and
Knapman (2003), Brady et al. (2009), Hoffman and Proulx (2003), Lan et al. (2014), and O’Shea (1999).
Furthermore, prior studies have reported that knowledge in medication treatment can develop the individual level
of cognitive judgment (Reason, 1990). Definitely, nurses with advanced knowledge in medication treatment
process would develop knowledge-based practices and improve their nursing skills which can lead to better
problem solving ability, and eventually decreasing the chances of committing medication error (O’Shea, 1999;
Reason, 1995).

In addition, advanced knowledge will improve their ability to deal with problems at a higher theoretical level in
the medication treatment process, hence reducing the possibility of medication error (Chang & Mark, 2009;
O’Shea, 1999). This is beneficial when dealing with pediatric patients. Due to their immature and distinctive
condition of physiological development, they require drug preparation and administration that different from
adult patients (Lan et al., 2014). Therefore nurses need to have sufficient knowledge regarding pediatric
medication treatment to safely perform medication administration process.

The study’s framework is able to explain only 45.6% of the total variance, which indicates that other conditions
exist, that contribute to medication error which are not considered in this study. More specifically any systematic
conditions that go beyond the individual aspect which can influence medication error through the system’s
operational process that need to look into (Reason, 2000; Vincent, Taylor-Adams, & Stanhope, 1998). Future
studies should also consider other possible conditions that could influence nurses to cause medication error, and
therefore be viewed as having behaved unprofessionally.

The present study has a number of methodological limitations, those which should be considered when
attempting to generalize the findings made. This includes the low response rate (only 56%) and the small sample
size (255). Moreover, the respondents are primarily from public hospitals in the Jordanian health sector. Future
studies should consider expanding the sample to include private and teaching hospitals. Lastly, this study adopts
a cross-sectional method in data collection which future studies should apply a longitudinal design to assess
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these factors at various points in time.
5. Conclusion

This study examines the relationship between nurses’ individual conditions and medication error in Jordan. The
findings lend support to the nursing profession in general, and specifically, to policymakers, to understand
factors contributing to medication error. Furthermore, this study discussed that mathematical proficiency of
nurses and their knowledge of the medication treatment process have a significant correlation with medication
error. Therefore, healthcare organizations and educational centers in Jordan should give attention to these factors
to establish he nurses’ professionalism in the medication administration process and to decrease the rate of
medication error.

The present study’s model also showed only 46% of variance therefore, future studies should expand the
theoretical framework to comprehend other contributing factors to explain the remaining 54% of the variance in
medication error by incorporating a border scope that goes beyond the individual perspective to a more holistic
perspective that incorporates the entire medical system. It is also suggested that future studies can simulate this
study by using a larger population and more diverse scope in the healthcare field.
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