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Abstract
Background: Medical errors are common in hospitals, and

research is always needed to find ways of reducing these. This

study attempts to address three gaps in this field. First, the

factors leading to the reduction of mental workload and its re-

lationship with the reduction of prescribing errors by improving

electronic prescribing (e-prescribing) usability have not been

empirically examined before. Second, the past research in the

field of e-prescribing usability lacks robust theoretical models.

Third, there are no existing studies to examine the direct in-

fluences of user interface consistency and error prevention with

the reduction of mental workload and prescribing errors. Ma-

terials and Methods: A quantitative survey method was used to

collect data from 188 community physicians. The partial least

squares path modeling technique was applied to analyze the

data. Results: Prescribing errors were reduced by improving the

information quality, user interface consistency, system ease of

use, and mental workload reduction. Mental workload is re-

duced by ease of use, error prevention, and consistency. No

significant relationships between prescribing error reduction

with error prevention and also between information quality with

mental workload reduction were found. Conclusions: The de-

signers of e-prescribing should improve the error prevention and

consistency of the system and make it easy to use if they wish for

the system to reduce users’ mental workload. They should also

improve the system information quality, ease of use, and con-

sistency if they claim that their system reduces physicians’

prescribing errors. The system should also reduce users’ mental

workload to meet this objective.

Key words: electronic-prescribing, usability, information

management

Introduction

P
ast studies have shown that medical errors are quite

common in health centers,1 leading to much mor-

tality2–4 and imposing huge costs on the health sec-

tor.5,6 To reduce medical errors, health centers have

switched to using e-health systems (EHS) as one of the solu-

tions that can reduce such errors.7–9 However, some scholars

have found that EHS might even increase medical errors, poor

care consequences, and mortality.10 Thus, deploying EHS is

not merely a source of improvement in reducing medical errors

as there are some contradictions in the findings of the past

research with regard to the impacts of such systems on the

reduction of medical errors.8–11 Some researchers have high-

lighted the unexpectedly high likelihood of patients’ safety

threats that may arise from EHS, including electronic pre-

scribing (e-prescribing) technology.12,13 For instance, it has

been reported that e-prescribing systems can increase medi-

cation error likelihoods.14 Similarly, it was found that using

e-prescribing systems has brought about a 44% increase in

medical error rates compared with usiing handwritten pre-

scriptions.15 Other research reported that mortality rates rose

in the intensive care unit after the implementation and use of

an e-prescribing system.11 Bosman1 also reported an increase

in the number of medication errors and mortalities after using

e-prescribing systems in health centers. Hence, there may be

some factors in EHS that can help users reduce medical errors.

Therefore, it seems necessary to study the factors that result in

sustainability of EHS reduction of medical errors through

EHS,12,16 including e-prescribing systems.

Two factors proposed to reduce medical errors are system

usability and users’ mental workload. However, there are some

gaps in this regard. First, although it has been stated that there

is a relationship between workload and medical errors,17 no

empirical evidence has been reported in this regard. Moreover,

past studies on health professionals’ workload have focused

on measuring their mental workload working under certain

circumstances,14–20 studied the consequences of workload,21

or studied the impacts of EHS functionalities on users’

workload.1 However, we found no studies testing the impact

of EHS usability on community physicians’ workload, which
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calls for more research. Furthermore, the conceptualization of

‘‘medical errors’’ is usually general, and most studies do not

conceptualize different kinds of medical errors.12,22 Thus, it

seems essential to explore the impacts of mental workload

reduction on prescribing errors instead of merely general

‘‘medical errors.’’

Another issue concerns the research method used in the past

research. Some scholars have used different qualitative tech-

niques to study the likelihood of medical errors in EHS. For

instance, John et al.23 applied a scenario-based study for a

decision support system for intensive care units, Horsky

et al.24 used semistructured interviews with physicians and

interface usability inspection of a computerized physician

order entry (CPOE), Koppel et al.14 applied focused group and

interview methods to study the impact of CPOE systems on

different health professional groups, including nurses, phy-

sicians, pharmacists, etc., and Kushniruk et al.25 used the

users’ think-aloud method while working with the CPOE

system. In other research, Chan et al.26 asked staff physicians,

residents, and medical students to complete four simulated

orders with three different order formats in CPOE, whereas

Cho et al.27 reviewed error charts derived from CPOE use in

two different hospitals over a 4-month period.

Despite the wide attention of researchers to use qualitative

methods in their research, the use of robust quantitative

methods has been neglected or ignored in this field. As Oz-

tekin et al.28 observed, past studies have either used qualita-

tive research approaches or have not used a valid/reliable

quantitative scale to evaluate usability. Although the quali-

tative research approach is a scientific process, it suffers from

the subjectivity of the analysis and the lack of generalizability

of findings.29 On the other hand, quantitative research can

help overcome these limitations.29

However, most of the few available empirical studies suffer

from inaccuracy as recently Weir et al.30 reviewed the quan-

titative studies about the impacts of EHS and concluded that

‘‘none of the reviews provided usable quantitative data.’’p.224

Although a few recent attempts have been made to empirically

develop and test quantitative scales,12,13 more studies are

needed to develop and validate robust quantitative scales to

examine system usability in this field.12 Furthermore, most of

the quantitative research studies concerning the efficiency of

EHS have an insufficient sample size.20,24,31 Another limita-

tion is that the past research in this field has hardly developed

and tested a theoretical usability model.13,32 Therefore, the

use of models to empirically examine the influence of

e-prescribing on users’ outcomes is desirable. Indeed, we

neither aim to claim that this research provides superior

data compared with all the past qualitative or quantitative

research, nor do we intend to differentiate between this re-

search and the past research on issues such as the types and

varieties of systems studied or variations in the features of

them. We, however, believe that our research, methodologi-

cally, is an attempt to overcome the mentioned shortcomings

and a step forward in this field.

This study used a quantitative research method to investi-

gate the impact of e-prescribing systems’ usability on the

reduction of doctors’ prescribing errors and mental workload.

With regards to modeling the usability antecedents of pre-

scribing errors in e-prescribing systems, only one research

study, carried out by Peikari et al.,12 was found. However, that

research has a limited approach compared with this research.

First, their model lacks the potential role of mental workload

in reducing prescribing errors. Furthermore, they have ne-

glected measuring the direct influence of system consistency

and error prevention features on reducing prescribing errors,

which calls for new research. Another difference is that the

current research collected data from community physicians,

which is different with the scope of the research by Peikari

et al.12 Community health professionals face more challenge

in using EHS compared with those professionals working in

hospitals,13 and therefore more research is needed to study the

impacts of such systems on community health professionals.

Moreover, because medical errors are known as an index for

patient safety and care quality,33,34 recognizing the effects of

e-prescribing usability on medical errors can improve our

knowledge about the relationship between e-prescribing systems

usability with patient safety and care quality. Doctors are the

second victims of medical errors because of the sentimental,

legal, and professional issues faced.35 The results of the present

study show the extent to which doctors believe that e-prescribing

systems have assisted them to reduce their mental workload and

also provide patients with error-free health services.

THEORETICAL FOUNDATION
According to the input-process-output model of Cooper,36

the input quality and the process quality determine the quality

of output. The input quality deals with the system’s design

characteristics, including error prevention, consistency, and

ease of use, whereas the process quality refers to the quality of

the information.12 Another model suggests that the perfor-

mance of users is highly influenced by system attributes.37

Likewise, some scholars have found that the system features can

predict users’ medical performance with the system.12,13,38–40

Some recent studies have shown that users’ performance with a

system is also influenced by the quality of information.10,12,41,42

Furthermore, according to the standards of human–computer

interaction, in any information system, users’ outcomes and
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performance with the system can be improved with better us-

ability. Thus, to improve the error-free performance of physi-

cians, user interface quality should be enhanced.

As stated earlier, most of the past research on the rela-

tionships between system usability and users’ outcomes lack

theoretical models.13,32 We used the model of Peikari et al.12,13

of system usability (including ease of use, consistency, error

prevention, and information quality) for our research. Fol-

lowing the above discussions, it is hypothesized that:

H1. The ease of use of e-prescribing systems reduces

doctors’ prescribing errors.

H2. The quality of the information generated by

e-prescribing systems predicts a reduction of doctors’

prescribing errors.

H3. The error prevention of e-prescribing systems predicts

prescribing error reduction.

H4. E-prescribing systems’ user interface consistency re-

sults in prescribing error reduction.

H5. The ease of use of e-prescribing systems reduces

doctors’ mental workload.

H6. The quality of information produced by e-prescribing

systems reduces doctors’ mental workload.

H7. The error prevention of e-prescribing systems leads to

doctors’ mental workload reduction.

H8. The consistency of e-prescribing systems’ user inter-

face leads to the reduction of users’ mental workload.

Multiple psychological and physiological factors, including

increased mental and physical workload, make errors more

likely to happen in clinics.19 Work overload is the key factor to

individuals’ fatigue and reduction of the service quality pro-

vided by those individuals.19 Hence, it is hypothesized that:

H9. Reduction of mental workload positively predicts the

reduction of prescribing errors.

The model of this research is illustrated inF1 Figure 1.

Materials and Methods
RESEARCH METHOD

This study used a quantitative survey method, and cross-

sectional data were collected. As mentioned earlier, some

scholars have highlighted the lack of robust quantitative re-

search in this field. Using a survey is an efficient and effective

method to collect users’ perceptions and attitudes about the

outcomes and impacts of EHS.43,44 Many researchers have

recommended using surveys to evaluate EHS usability in the

postimplementation phase of the system life cycle.24,45

SELF-REPORT SCALE
One of the methods widely recognized and used by re-

searchers to assess the characteristics of information systems

and their impacts and outcomes is users’ self-report scales.37

Evaluating a system by using self-report scales can provide a

reliable indicator of impacts and outcomes of an information

system.46–48 This is especially true in the case of medical er-

rors, whereby many health centers lack an efficient system to

report them, and secondary data in this regard are unavail-

able, inaccurate, or biased.12 Using self-measured rating for

mental workload by asking individuals about their percep-

tions of their workload,49–51 reduction of medical errors,12,13

or the characteristics of an information system10,28,33,52–61 has

been well recognized in the academic world. Therefore, using

self-report measurement in this research can provide reliable

and valid data.

TARGET POPULATION
Only one group of stakeholders should be considered as the

respondents to evaluate the requirements and impacts of EHS

because different groups of users have different objectives and

expectations.8,62 Therefore, the target population for this

research was community physicians who had worked with

e-prescribing systems for a minimum of 3 months. The di-

versity of community physicians can make the results more

generalizable compared with research that

has collected data from only one hospital.

QUESTIONNAIRE DEVELOPMENT
All questions, except the demographic

section, were designed based on a 5-point

Likert scale from 1 (strongly disagree) to 5

(strongly agree). As illustrated in T1Table 1, the

questionnaire was developed based on pre-

vious published studies. After the develop-

ment of the scale, it was evaluated and

improved by four university lecturers who

were specialists in health informatics and

Information 

Quality 

Ease of Use 

Error Prevention 

Consistency

Reduction of

Mental Workload

Reduction of Errors 

Fig. 1. Research model.

USABILITY, REDUCTION OF WORKLOAD, AND PRESCRIBING ERROR
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three physicians. Following this, the scale went through three

stages of pilot testing. Each stage included five respondents,

who answered the questions independently, and the questions

that required revision were modified. For the main round of

data collection, a purposive sampling approach was used. We

followed the method of Krejcie and Morgan,63 and because the

identified population of community doctors was 778, a total

number of 256 questionnaires was distributed among them. In

a 3-month period, the sampled respondents were contacted

three times to prompt a response to the questionnaire, and

after 3 months, 188 usable questionnaires were received.

Results
The details of our samples’ profiles have been illustrated in

T2 Table 2. As shown, a majority of respondents (36.2%) had

more than 9 years of experience in using computers, 44.1% of

respondents had more than 1 year of experience of using

e-prescribing systems, and 49.5% of them were medical

doctors for more than 5 years.

We tested the scale for multivariate normality, and as is

illustrated in Table 1, the assumption of normality is violated

for the variable ‘‘error reduction’’ because its kurtosis ex-

ceeded 2.58.65 If the normality is violated, the partial least

squares (PLS) approach, as the second generation of the

quantitative analyses, should be used to analyze the data.66

SmartPLS version 2.0.M3 (SmartPLS GmbH, Boenningstedt,

Germany) was used for the data analysis. PLS is not sample

size intensive,66 and the number of respondents in this re-

search meets the minimum required sample size for PLS.

The scale reliability was tested by Cronbach’s alpha and

composite reliability, and as shown in Table 1, all the values

for the variables exceeded 0.7, indicating a perfect scale re-

liability. Scale validity was investigated by confirmatory

factor analysis. As shown inST1 Supplementary Table S1 (Sup-

plementary Data are available online at www.liebertpub.com/

tmj), the loading range for all the question items was from 0.70

to 0.88 ( p < 0.001, 6.78 < t < 52.97). Furthermore, the rule of

Fornell and Larcker67 was observed in the present study. It was

found that item loadings on their corresponding factors

are higher than their cross loadings. In addition, as shown in

Table 1, all the average variance extracted values for all the

Table 1. Scale Source and Reliability

VARIABLE REFERENCE CRONBACH’S ALPHA CR AVE SKEWNESS KURTOSIS

Information quality Peikari et al.12 0.73 0.84 0.65 - 1.94 0.04

Ease of use Peikari et al.12 0.81 0.88 0.72 - 1.15 0.67

Consistency Peikari et al.12 0.78 0.85 0.60 - 1.06 1.62

Error prevention Peikari et al.12 0.83 0.88 0.66 - 2.26 - 1.05

Prescribing error reduction Peikari et al.12 0.83 0.88 0.66 - 4.38 0.31

Mental workload reduction Prichard et al.64 0.790 0.87 0.70 - 0.49 0.56

AVE, average variance extracted; CR, composite reliability.

Table 2. Respondents’ Demographics (n=188)

CHARACTERISTIC FREQUENCY PERCENTAGE

Gender

Male 69 36.7

Female 119 63.3

Age (years)

20–30 88 46.8

31–40 49 41.5

41–50 34 8.5

> 50 68 3.7

Computer experience

< 4 years 37 19.7

4–6 years 49 26.1

7–9 years 34 18.0

> 9 years 68 36.2

System experience

3–6 months 54 28.7

6 months–1 year 51 27.1

> 1 year 83 44.1

Medical experience

< 1 year 40 21.3

1–5 years 55 29.3

> 5 years 93 49.5
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variables exceeded 0.5.

These imply the convergent

and discriminate validities

of the scale.

As shown in F2Figure 2,

the outcomes of the boot-

strapping test showed that

the relationships between

the interface consistency of

e-prescribing systems with

the reduction of prescribing

errors and mental workload

were positive and significant

(p< 0.01). Ease of use of

e-prescribing systems was

significantly predictive of the

reduction of users’ mental

workload (p< 0.01) and pre-

scribing errors (p < 0.05). The

results showed that although

information quality signifi-

cantly predicted physicians’

reduction of prescribing er-

rors (p <0.01), it did not have

any significant influence on

the reduction of their mental

workload. There was also a

significant relationship between system error prevention with

reduction of mental workload (p< 0.01), whereas no significant

relationship was found between error prevention and prescribing

error. The results illustrated a significant relationship between the

reduction of mental workload and prescribing errors among

the physicians (p< 0.01). Thus, as summarized in T3Table 3, all the

hypotheses except H3 and H6 were empirically supported.

Discussion
Although EHS, including e-prescribing systems, are ex-

pected to have positive impacts on the quality of care, in-

cluding the reduction of errors, the results of the past research

have shown that such systems are not always a source of

improvement in the quality of care and reduction of errors.

Two factors were suggested as the key players in this context:

system usability and users’ workload. However, some gaps

were identified in this regard. The first gap was in relation to

the empirical relationship between users’ workload and

medical errors: none of the past research has examined the

relationship that may exist between these two variables. The

second gap deals with the research methods and data analysis

techniques used in the past research. Despite the advantages of

Fig. 2. Bootstrapping results.

Table 3. Results of the Hypotheses

HYPOTHESIS P VALUE RESULT

H1. Ease of use/reduction of prescribing errors < 0.05 Supported

H2. Information quality/reduction of

prescribing errors

< 0.01 Supported

H3. Error prevention/reduction of prescribing

errors

> 0.05 Not supported

H4. Interface consistency/reduction of

prescribing errors

< 0.01 Supported

H5. Ease of use/reduction of mental workload < 0.01 Supported

H6. Information quality/reduction of mental

workload

> 0.05 Not supported

H7. Error prevention/reduction of mental

workload

< 0.01 Supported

H8. Interface consistency/reduction of mental

workload

< 0.05 Supported

H9. Reduction of mental workload/reduction

of prescribing errors

< 0.001 Supported

USABILITY, REDUCTION OF WORKLOAD, AND PRESCRIBING ERROR

TMJ-2014-0246-ver9-Shah_1P.3d 07/24/15 11:25am Page 5

ª M A R Y A N N L I E B E R T , I N C . � VOL. 22 NO. 1 � JANU ARY 2016 TELEMEDICINE and e-HEALTH 5



the past research in developing this field, most of them have

either used qualitative methods—which suffer from the re-

searchers’ subjectivity and also limits the generalization of the

findings29—or have applied quantitative techniques without

observing the necessities and high standards of quantitative

methods and data analyses, such as collecting data from suf-

ficient sample size, testing the reliability or validity of the

scale, etc. Consequently, the findings of much of the past

quantitative research do not provide precise quantitative in-

formation and results.30 Moreover, the past research has hardly

developed and validated a theoretical model for usability.13,32

The above shortcomings motivated us to use a quantitative

research method and investigate the impacts of e-prescribing

systems’ usability on the reduction of community physicians’

mental workload and prescribing errors. To do this, nine hy-

potheses were proposed, a self-report survey instrument was

adopted and adapted from the past published sources, and the

questionnaires were distributed among 256 community phy-

sicians who had working experience of at least 3 months with

e-prescribing systems. Because the normality of the data was

not met for the variable ‘‘error reduction,’’ the PLS technique,

which is robust against the data normality violations,66 was

applied to test the hypotheses. The results illustrated that apart

from the impact of information quality on the reduction of

mental workload and the impact of error prevention features

of e-prescribing system on the reduction of prescribing errors,

all the other hypotheses were empirically supported. The

following paragraphs deal with the discussion of our findings.

Some scholars have proposed interface consistency in terms

of menus, words, and buttons as one of the most significant

features in the design of EHS.9,42,68 User interface consistency

enables physicians to better concentrate on various aspects of

their work. They can focus more on the precision of diagnoses

and accurate prescribing rather than concentrating on re-

membering and identifying numerous icons and terminolo-

gies while working with the system. Consequently, this can

decrease their mental workload and result in fewer errors. The

results suggest that the user interface in e-prescribing systems

should be designed in a way that shows consistency in the

terminologies, menus, and words used across various screens

of the system. Furthermore, the system terminologies need to

be similar to those used in the real world. On the other hand, if

the consistency standards are not observed in the design and

development of EHS, there is the possibility of increasing

users’ mental workload and prescribing errors.

Another variable examined was the information quality

generated by e-prescribing systems. A user’s understanding

about the output value of an information system is regarded as

information quality.69 Decision making in medical centers is

information intensive,70 and quality information is a critical

factor in clinics. The results of this research reveal that ob-

taining quality information is a significant predictor for the

reduction of prescribing errors.

The outcomes also propose that information details gen-

erated by e-prescribing systems should provide the informa-

tion required by the doctors. Information needs to be precise,

appropriate, and accessible to reduce physicians’ prescribing

errors. An e-prescribing system can reduce errors by provid-

ing useful information on different aspects of a patient’s

medication process such as ordered medicine details, labora-

tory tests, etc.

Information quality enables doctors to effectively get the

required information about the patient’s health and medical

histories and to diagnose patients’ problems accordingly. This

can make e-prescribing systems a valuable source of assis-

tance for physicians in analyzing critical events, incidents,

and special cases in a patient’s health and medication process.

Information quality also enables doctors to prescribe the most

appropriate medicine for their patients. Therefore, provision

of quality information can assist doctors in preventing med-

ical errors. On the other hand, if e-prescribing systems do not

produce good quality information for doctors, this can jeop-

ardize patient safety. This is consistent with Holden,42 who

observed that two-fifths of doctors who used e-prescribing

systems stated that the system jeopardizes patients’ safety

because of doctors’ dependence on inaccurate information of

the system.

The results, however, found no significant empirical rela-

tionship between information quality and reduction of mental

workload. A possible explanation for this finding may be that

despite the implementation of an e-prescribing system with

good usability, physicians still do not fully trust the infor-

mation generated by the system, and they double check the

data using their own knowledge and experience. It is because

doctors are aware of the consequences of wrong diagnoses

and prescribing based on the wrong information. Hence, they

do not only rely on the information provided by the system

and analyze the situation themselves. Therefore, quality in-

formation does not reduce their mental workload.

This study has also examined the impact of ease of use,

which refers to the complexity of the system in a reverse

manner.71 We observed that system ease of use is the most

important factor in the reduction of mental workload. Our

findings show that, generally, any e-prescribing features that

improve the ease of use of the system can result in the re-

duction of a user’s mental workload. We also found that the

ease of use of e-prescribing systems leads to the reduction of

prescribing errors. This finding is consistent with the past

SHAH AND PEIKARI

TMJ-2014-0246-ver9-Shah_1P.3d 07/24/15 11:26am Page 6

6 TELEMEDICINE and e-HEALTH JANUARY 2016 ª MARY ANN LIE BERT, INC.



research.12,39,40 The results imply that e-prescribing systems

should be designed in a way that makes the user interface

more friendly to reduce physicians’ mental workload and

prescribing errors. For example, a system should enable

doctors to easily select and prescribe the medicine from a list

of medicines or enable them to prescribe the medicine in the

system in a few simple steps. As a result, these steps will de-

crease the mental workload of the doctors who use the system.

Moreover, using an easy-to-use system can help doctors

concentrate on different aspects of the delivery of care ser-

vices rather than concentrating and struggling with the sys-

tem menus and features, which can help them in reducing

prescribing errors.

Error prevention was another variable that was examined in

this study with regard to its influences on the reduction of

mental workload and prescribing. Error prevention refers to the

feature of an information system that enables the users to

simply prevent or recover from the system errors.72 The results

showed that the error prevention features of e-prescribing

systems have a significant influence on the reduction of mental

workload, although the analysis found no significant rela-

tionships between error prevention and the reduction of

prescribing errors. One possible explanation is that error pre-

vention features of e-prescribing systems have no direct

impacts on doctors’ quality and accuracy of diagnoses or

prescribing processes. Although such features help users pre-

vent or recover from system bugs and errors, they are not

associated with improving the quality of diagnoses or pre-

scribing activities of the doctors, and consequently they do not

have any impact on the reduction of prescribing errors. How-

ever, because such features help doctors prevent or recover

from system errors, they reduce doctors’ mental workload.

Another finding of this research was regarding the impact

of mental workload reduction with the reduction of pre-

scribing errors. Although it is believed that increased mental

and physical workloads make errors more likely to happen in

clinics,19 there were no empirical data in this regard. Our

analyses, however, were a step forward in this field. This

finding illustrates that when physicians’ mental workload is

reduced—while working with an e-prescribing system—they

can better focus on the care delivery process, including di-

agnosis and prescribing, and hence there is less likelihood of

prescribing errors occurring. The results imply that if the de-

velopers of an e-prescribing system intend to develop their

system in a way that reduces physicians’ prescribing errors,

they need to initially design it in a way that it reduces users’

mental workload.

The results of the present study show different novelties. As

discussed earlier, the previous usability studies in this field

have rarely used theoretical models to study the impacts of

system usability.13,32 In order to address this gap, we used and

validated the usability model of Peikari et al.12 to examine the

direct influence of usability on the reduction of physicians’

mental workload and prescribing errors. Also, there were no

quantitative models illustrating the relationships between

e-prescribing system usability with the reduction of mental

workload, and this is a significant novelty of this study. We

collected data from a methodologically adequate sample size

and used appropriate, advanced analyses techniques. Thus,

results are much more precise and generalizable compared with

those of the previous studies. Furthermore, this is the first study

to use PLS to empirically examine the relationships between

e-prescribing systems usability and the reduction of mental

workload. Also, the mental workload reduction scale, validated

in this study, can be used by scholars in their future research.

There are, however, some limitations in the present research

that should be considered for future research. First, prescrib-

ing errors and mental workload are not reduced only through

e-prescribing usability, but some other managerial and or-

ganizational factors and solutions, which were not included in

this study, can also play important roles in this regard.

Moreover, the reduction of prescribing errors and mental

workload by the system usability can be predicted by many

other usability factors that were not used in our research

model. This model can be extended in future research.

We also suggest researchers consider users’ characteristics

such as their experience with the system, optimism toward the

technology, and computer knowledge as the moderators be-

tween system usability and users’ outcomes such as reduction

of errors and mental workload. We also suggest that future

attempts use comparative approaches and collect data on

system complexity from the respondents who have tried to do

complex tasks with the system.

Another limitation of this research is that the data for this

research were collected from community physicians who

had worked with e-prescribing systems for a minimum of

3 months. The respondents were categorized into three sub-

groups in that regard: those with 3–6 months, 6–12 months,

and over 1 year of experience of working with the system. It

would be interesting to also to have a subgroup for those with

over 2 or even 3 years of experience in future research and

know whether the mental workload and prescribing errors

with the system correlate with the users’ experience with the

system. Another suggestion for future research is that re-

searchers study if the health professionals’ reliance on the

system correlates with their experience with the system.

It is also suggested that future research differentiates be-

tween system impacts on the errors that occur during the
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diagnoses process, as well as those that occur in the pre-

scribing stage. Also, future research should consider more

outcome variables such as communication, decision making

quality, or employee empowerment and examine the rela-

tionships between the system usability and these outcomes

with the reduction of errors. It is also suggested that factors

that have an impact on a physician’s trust in the system and its

information should be studied.
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16. Mäenpää T, Suominen T, Asikainen P, et al. The outcomes of regional healthcare
information systems in health care. A review of the research literature. Int J
Med Inform 2009;78:757–771.

17. Ridley C. Relating nursing workload to quality of care in child and adolescent
mental health inpatient services. Int J Health Care Qual Assur 2007;20:429–
440.

18. Lindberg E, Rosenqvist U. Implementing TQM in the health care service: A four-
year following-up of production, organisational climate and staff wellbeing. Int
J Health Care Qual Assur 2005;18:370–384.

19. Padilha KG, Sousa RMC, Kimura M, et al. Nursing workload in intensive care
units: A study using the Therapeutic Intervention Scoring System-28 (TISS-28).
Intensive Crit Care Nurs 2007;23:162–169.

20. Young G, Hooper V. Assessment of workload using NASA Task Load Index in
perianesthesia nursing. J Perianesth Nurs 2008;23:102–110.

21. Holden RJ, Patel NR, Scanlon MC, et al. Effects of mental demands during
dispensing on perceived medication safety and employee well-being: A study of
workload in pediatric hospital pharmacies. Res Social Adm Pharm 2010;6:293–
306.

22. Reckmann MH, Westbrook JI, Koh Y, Lo C, Day RO. Does computerized provider
order entry reduce prescribing errors for hospital inpatients? A systematic
review. J Am Med Inform Assoc 2009;16:613–623.

23. John G, Peter JV, Chacko B, et al. A computer-assisted recording, diagnosis and
management of the medically ill system for use in the intensive care unit: A
preliminary report. Indian J Crit Care Med 2009;13:136–142.

24. Horsky J, Kuperman GJ, Patel VL. Comprehensive analysis of a medication
dosing error related to CPOE. J Am Med Inform Assoc 2005;12:377–382.

25. Kushniruk AW, Triola MM, Borycki EM, et al. Technology induced error and
usability: The relationship between usability problems and prescription errors
when using a handheld application. Int J Med Inform 2005;74:519–526.

26. Chan J, Shojania KG, Easty AC, Etchells EE. Does user-centred design affect the
efficiency, usability and safety of CPOE order sets? J Am Med Inform Assoc
2011;18:276–281.

27. Cho I, Park H, Choi YJ, et al. Understanding the nature of medication errors in
an ICU with a computerized physician order entry system. PLoS One
2014;9:e114243.

28. Oztekin A, Kong ZJ, Uysal O. UseLearn: A novel checklist and usability evaluation
method for eLearning systems by criticality metric analysis. Int J Indust
Ergonom 2010;40:455–469.
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Supplementary Data

Supplementary Table S1. Item Loadings

QUESTION ITEM ITEM LOADING

Consistency

The buttons that perform the same action are consistent across all screens in the system. 0.85

The menus are consistent across screens. 0.87

The use of buttons is consistent throughout the system. 0.75

Use of terminology is consistent on the system. 0.79

Ease of use

I find the system to be easy to use. 0.81

I find it easy to get the system to do what I want it to do. 0.87

It is easy to interact with the system. 0.87

Error prevention

The error messages inform me of error severity and suggest the cause of the problem. 0.85

The system helps me recover from system errors. 0.80

The system makes it easy to recover from errors. 0.77

The error messages of the system are helpful. 0.82

Error reduction

The system makes it possible for me to reduce drug allergy. 0.82

The system has reduced drug interaction probability in my orders. 0.82

The system has reduced drug dosing errors. 0.78

Level of patient safety is high after the implementation of the system. 0.81

Information quality

The information provided by the system is what I need for my decision making. 0.85

The system provides accurate information I need for my decision making. 0.70

The system provides timely information for me. 0.85

Mental workload

Working with the system does not need high mental demand. 0.80

The system does not make me mentally frustrated. 0.85

Working with the system does not need too much thinking and calculating. 0.83
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