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Abstract

Background and objective

MyDispense is one of the virtual simulations that has already been established as a suitable

alternative for live experiential education in the pharmacy curriculum. However, there are no

structured validated questionnaires available to assess the students’ perception while inte-

grating MyDispense with pharmacy practice experiential education. Therefore, the present

study aimed to validate a structured questionnaire and use the questionnaire to assess the

student perception of various pharmacy practice experiential education.

Methods

Content and construct validity procedure was used to validate the questionnaire. Two hun-

dred students consented to participate in validating the questionnaire. The validated ques-

tionnaire assessed the students’ perception of integrating MyDispense with Introductory

Pharmacy Practice Experience 2 (IPPE2) and Advanced Pharmacy Practice Experience

(APPE) courses. The questionnaire was structured with four domains which were: exercise,

instructor, technical, and communication. Each domain carried five items; therefore, the

whole questionnaire had 20 items that succeeded in content validity. In the survey, 121

fourth-year and 117 fifth-year Pharm.D. students volunteered to convey their perception of

integrating MyDispense with IPPE 2 and APPE, respectively. The survey was conducted

before and after the MyDispense exam in both the courses.
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Results

The Cronbach’s α and McDonald’sω coefficients were > 0.8 in all four domains, indicating

that the items related to the four domains have good internal consistency. In Exploratory

Factor Analysis (EFA), two items were found to cross-load in the exercise domain and

removed. Therefore, the EFA proposes 18 items for the confirmatory factor analysis (CFA).

In CFA, five fit indices were found to be satisfactory, and this indicates construct was good

enough to assess the student perception. In IPPE 2, the pre-test response, the students had

significantly higher satisfaction (p < 0.05) with all five items related to the technical domain.

In APPE, the students had a significantly (p < 0.05) higher perception of all the items related

to the exercise and technical domain in the pre-test compared to the post-test. Therefore,

the student’s pre-test feedback allowed the instructor to identify and make the necessary

corrections in the exercises to improve the quality exercises.

Conclusion

This study provides a validated 18-item questionnaire to assess the student perception of

integrating MyDispense in experiential education. The integration of MyDispense in experi-

ential education needs to be done carefully by assessing student perception.

1. Introduction

Pharmacy practice education usually involves traditional classroom lectures and training in

pharmacy; however, technical advancement in recent years has directed the paradigm shift

from the conventional classroom to computer-based technology education [1–3]. Pharmacy

practice experience education is the best way to prepare the pharmacy student seeking a career

as a pharmacist since it offers cognitive, technical, and decision-making skills needed for medi-

cation dispensing [4–7]. Pharmacy simulation is a valuable tool in pharmacy practice experi-

ence education for training pharmacy students by providing real-world experience [4,5].

However, pharmacy simulation was found to have numerous challenges, including extensive

planning, highly expensive simulated pharmacy, and the requirement of many teaching staff

for supervision [6]. In this context, virtual simulation has been widely accepted by pharmacy

schools since it minimizes the workload of teaching staff, cost, and time while offering phar-

macy practice experiences to students [2,5,7].

MyDispense is a digital education platform that enables students to practice the skills of a

pharmacist, from novice to highly advanced, in a safe virtual environment that is web-based

and highly accessible [7]. The students can learn from their mistakes due to the instant feed-

back MyDispense in a risk-free environment [8]. Previous studies have established that the

MyDispense database helped assess the various student skills regarding dispensing, communi-

cation, decision-making, and problem-solving [7–9]. This platform was widely accepted by

various pharmacy schools worldwide and implemented in various pharmacy practice experi-

ence courses [9]. Although MyDispense plays a vital role in pharmacy practice experience edu-

cation, recent research addressed numerous barriers regarding implementation, including a

lack of training for the staff members in building or updating cases, lack of realism, and chal-

lenges in the harmonization of drug nomenclature [10,11].

The implementation of MyDispense is varied among the institutions in terms of exercises

and assessment criteria [5,12]. Therefore, assessing students’ perception of MyDispense is
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essential to ensure effective implementation in every institution. Previous studies already

addressed the student perception of integrating MyDispense in various pharmacy courses

[7,13–15]. In this context, to the best of our knowledge, structured validated questionnaires

are yet to be established [4,7,9]. Therefore, the present study aimed to validate the pioneer

multi-dimensional questionnaire for assessing student perception while integrating MyDis-

pense with several pharmacy practice experiential education. Additionally, the study aimed to

assess the student perception regarding MyDispense in various pharmacy practice experiential

education by using the validated questionnaire.

2. Methods

2.1 Study design and ethical considerations

The study was conducted in two parts. First, it was planned to validate a 5-point multi-dimen-

sional structured Likert-scale questionnaire using content and construct validity procedure.

Second, the student perception was assessed with a validated questionnaire in a cross-sectional

survey of integrating MyDispense among the various pharmacy practice experiential educa-

tion. The student volunteers were recruited during the period from 01.03.2022 to 30.12.2023

to integrate MyDispense for the first time at the Faculty of Pharmacy, University of Tabuk,

Saudi Arabia. The exercises include patient fact-finding, patient education, answering patient

questions, prescription monitoring, labeling, and dispensing (Table 1). Introductory Pharmacy

Practice Experience 2 (IPPE 2) and Advanced Pharmacy Practice Experience (APPE) courses

were offered in the PharmD curriculum during the fourth and fifth years, respectively.

2.2. Details of exercise and its conductance in MyDispense

The exercises created in MyDispense were based on the course learning outcomes of the

courses IPPE2 and APPE. A virtual patient appeared on the computer monitor and sought for

his/her prescription to be filled. The exercises in IPPE 2 mainly aimed to test technical skills,

including prescription monitoring, labeling, dispensing, and assessing communication skills.

Meanwhile, the exercises in APPE also test the technical skills of labeling and dispensing skills;

however, the main objective was to test the communication skills in patient fact-finding,

patient education, and, importantly, answering patient questions regarding medications. The

tutorial and formative assessment case details were attached as S1 File. IPPE2 and APPE

courses were conducted for thirteen weeks in the first semester, and MyDispense was inte-

grated for the first four weeks. The students were given a demonstration by the instructor

regarding the MyDispense exercise and the rubrics for evaluation in detail in the first week,

followed by a tutorial exercise that took place in the second week of the semester. A pre-test

survey was conducted immediately after the completion of the tutorial exercise. A formative

assessment in the third week, followed by a post-test survey conducted immediately. The

actual summative assessment took place in the fourth week and the surveys were not permitted

according to the University policy before or after the summative assessment. Students were

posted in the pharmacy from the fifth to the thirteenth week for real-world experience. The

MyDispense demonstration, tutorial, and formative assessment were carried out in the com-

puter lab with internet facilities at the Faculty of Pharmacy, University of Tabuk.

2.3. Ethical approval and informed consent

The study was approved by the local research ethics committee from the University of Tabuk,

Saudi Arabia (Reference number: UT-187-42-2022). Written informed consent was obtained
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from the student who volunteered to participate in the study. The students were given bonus

points for participation in surveys.

2.4 Study participants

Firstly, two hundred students participated in validating the questionnaire. Then, 238 students

responded to the validated questionnaire in a cross-sectional survey to address their percep-

tion of MyDispense integrated with IPPE2 (n = 121) and APPE (n = 117) courses. In IPPE 2,

50 male (41.32%) and 71 female (58.67%) students participated in the study, and 55 males

(47%) and 62 females (53%) were included in the APPE group.

2.5 Components of questionnaire

The questionnaire was structured with four domains, including exercise, instructor, technical,

and communication. Each domain has five items; hence, 20 items were included in the 5-point

Likert scale questionnaire (Table 2). All four domains have been developed by consensus

Table 1. Details of various tasks related to the exam in MyDispense.

Communication skills Technical skills

Patient fact-finding

• Asking any five of the following (The type of questions

depends on the course)

• Age

• Pregnancy details (if female)

• Symptoms/Diagnosis

• Medical and medication history (if any)

• Asking medication adherence (if any medication history)

• Social history (Smoking, alcohol, tobacco, illicit drug use,

etc.)

• Known allergies

• Usage of over-the-counter medications/herbal

medications

Prescription monitoring

• Any five items of the following (The items

included depending on the course)

• Date

• Name of the doctor and license number

• Medications (Name, dose, quantity, etc.)

• Direction for use

• Signature of the physician

• Refill instructions

• Drug-Drug interactions

Patient Education

• Educating the patient on the following (Level of education

depends on the course)

• Chief complaint/Diagnosis

• Dosage regimen

• Direction for use

• Possible side effects

• Non-pharmacological management

• Counseling to stop using smoking /tobacco/ alcohol/illicit

drugs

• Medication adherence

Labeling

• Any five items of the following (The item

selection depends on the course)

• Date

• Physician name/affiliation/license number

• Pharmacist name/affiliation/license number/

signature

• Drug name/dose/frequency/route of

administration/time of administration/

quantity

• Direction for use

• Barcode scanning

• Refill details

Answering patient questions

• Student must answer the five questions raised by the patient

(The level of the question depends on the course)

Dispensing

• All the following items

• Right patient

• Right drug

• Right dose

• Right quantity

• Right formulation

https://doi.org/10.1371/journal.pone.0314117.t001
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among the authors of this research based on the IPPE 2 and APPE courses’ learning outcomes,

teaching strategies, and instruction methods. Three domains, including exercise, technical,

and communication, were developed on the basis of IPPE 2 and APPE courses’ learning out-

come domains, including knowledge, cognitive, and skill. The instructor domain consists of

teaching strategies and instruction methods for the course specifications of IPPE2 and APPE.

The students’ responses were recorded as strongly agree, agree, neutral, disagree, and strongly

disagree, which reflects the scores 5,4,3,2 and 1, respectively.

2.6 Validation of questionnaire

2.6.1 Content validity. Content validity was performed to evaluate how well the question-

naire covered the relevant parts of the construct [16]. The questionnaire was distributed to the

five experts in pharmacy practice education outside the institution for content validity. Item-

level content validity indexes (I-CVIs) and the averaging of scale-level content validity index

(S-CVI/Ave) were included in the content validity. The scores of I-CVIs� 0.78 and S-CVI/

Ave� 0.90 were considered excellent content validity [17].

2.6.2 Construct validity. Cronbach’s α and McDonald’s ω coefficients were used to assess

the internal consistency of the questionnaire. Cronbach’s α and McDonald’s ω coefficients of

values> 0.9,> 0.7 to� 9, and< 0.7 are considered excellent, good, and poor, respectively

Table 2. Reliability statistics and exploratory factor analysis of the questionnaire.

Domain No Items Factor Loadings

Resources Instructor Technical Communication

Exercise 1 The exercise was related to the course objective .757 .200 .151 .232

2 The details related to the exercise were clear to me .755 .199 .088 .047

3 I felt the exercise was relevant to the real-world practice .466 .309 -.034 .522

4 I believe that the given exercise might improve my patient care skills .410 .380 .064 .826

5 I am aware of the rubrics and assessment criteria for the exercise .654 .211 .145 .306

Instructor 6 The instructor had a thorough knowledge of the exercise .046 .727 .266 .064

7 The instructor had adequate experience in MyDispense .191 .684 .216 .070

8 The instructor thoroughly demonstrated the MyDispense session .100 .794 .237 .048

9 The instructor encouraged me to complete the exercise successfully .160 .598 .203 .112

10 The instructor was available to clarify my doubts (if any) regarding the exercise .039 .591 .283 .129

Technical 11 The prescription was clear and I had access to all patient information .350 .071 .656 .010

12 I felt that dispensing drugs was like a real-world experience .141 .115 .703 .010

13 I was able to pick up the correct medication from the rags for dispensing .278 .181 .718 -.018

14 I felt the labeling process and barcode scanning was like a real-world experience .238 .201 .836 .024

15 I was able to track and manage the time of the exercise efficiently .127 .238 .736 .094

Communication 16 I was confident during the interaction with the virtual patient .139 .048 .186 .707

17 It seemed like a real-world experience when I engaged with a virtual patient .172 .176 .192 .838

18 The interaction with the virtual patient was useful to complete the session successfully .203 .112 .187 .794

19 I was able to educate the patient through MyDispense session .118 .087 .107 .855

20 I was able to answer the questions asked by the virtual patient .172 .154 .158 .859

Cronbach’s α 0.868 0.848 0.885 0.929

McDonald’s ω 0.863 0.851 0.885 0.930

Percentage of variance 23.574 19.444 15.878 6.162

Cumulative percentage of variance 23.574 43.019 58.896 65.058

Items in the cell-shaded which indicate Factor lading < 0.5 or Items with cross-loading > 0.32.

https://doi.org/10.1371/journal.pone.0314117.t002
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[18,19]. The model was constructed with four domains, each with five items initially. Explor-

atory factor analysis (EFA) was performed using maximum likelihood extraction with a Vari-

max rotation method [20]. Factor loading > 0.5 was considered an inclusion criterion to

retain the items related to their factor, and cross-loaded items with > 0.32 were removed from

the construct [21]. Bartlett’s test for sphericity of< 0.05 and Kaiser-Meyer-Olkin–Measuring

Sampling Adequacy (KMO-MSA) value� 0.7 were considered acceptable for sampling ade-

quacy [22,23]. The threshold for the cumulative percentage of variance was 50.2% was consid-

ered [24]. The robust unweight least square estimation method was used in confirmatory

factor analysis (CFA) [25]. According to the recommendations of Hair et al., 2010, more than

three fit indices used to establish the model fitness were Chi-square to degrees of freedom ratio

(χ2/df), root mean square error of approximation (RMSEA), standardized root mean square

residual (SRMR), comparative fit index (CFI), and Tucker Lewis index [26]. χ2/df < 5,

RMSEA�0.08, SRMR� 0.08, CFI >0.9, and TLI >0.9 were considered a good model fit [27].

The average variance extracted (AVE)� 0.5 and construct reliability for the latent factors

(� 0.7) were considered for the desired convergent validity [20]. The squared correlation (SC)

values of one construct with other constructs are less than the AVE of a specific construct and

were considered for the desired discriminant validity [28,29].

2.7 Sample size calculation

For the construct validity procedure, the sample size calculation was based on a 1:5 ratio (num-

ber of items: participants) [20]. In the split-half method, the first 100 students were given an

odd number of items, and the remaining 100 were given an even number of items in the ques-

tionnaire. Therefore, 200 students were recruited to validate the questionnaire. A convenient

sampling method was used in the cross-sectional survey.

2.8 Statistical analysis

Statistical Package for the Social Sciences (SPSS version 25.0) was used to perform reliability

statistics, factor analysis, and data analysis of the cross-sectional survey. The Mean (Standard

Deviation) value of student perception was compared between the pre-test and post-test by

using the Wilcoxon signed rank test. P < 0.05 was considered statistically significant.

3. Results

3.1 Validation

The I-CVIs for the relevancy of the questionnaire ranged from 0.8 to 1, and the S-CVI/Ave

was>0.9. Hence, I-CVIs and S-CVI/Ave demonstrated that the 20-item questionnaire under-

lying four factors has excellent content validity. The Cronbach’s α and McDonald’s ω coeffi-

cients were > 0.8 in all four factors, indicating that the items related to the four factors have

good internal consistency (Table 2). The sample adequacy was confirmed by the KMO-MSA

(0.896) and Bartlett’s test for sphericity (p< 0.001). The total cumulative percentage of vari-

ance (65.05%) indicates that the proportion of variance explained by the factors was satisfac-

tory. A couple of items with cross-loading values> 0.32 in the exercise were removed from the

questionnaire (Table 2). Hence, an 18-item questionnaire was proposed by EFA, and the same

was investigated in CFA. The four-factor questionnaire construct was found to have acceptable

fit indices, including χ2/df (2.16), RMSEA (0.076), SRMR (0.045), CFI (0.938), and TLI (0.927)

(Table 3). The average variance extracted (AVE) of each factor was > 0.5, indicating the con-

vergent validity of the construct (Table 4). The discriminant validity was determined since the

AVE of each factor was more than the squared correlations (SC) with the other factors
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(Table 4). Therefore, an 18-item questionnaire with four factors was constructed successfully

to assess the students’ perception regarding virtual simulation.

3.2 Survey

The students were asked to complete the questionnaire before and after the test in a virtual

simulation for the courses IPPE 2 and APPE. Overall, the students’ perceptions were good in

the pre-and post-tests for both IPPE 2 and APPE courses (Tables 5 and 6). In IPPE 2, the stu-

dents’ perception of pre-and post-tests had no significant difference regarding exercise,

instructor, and communication domains. However, in the pre-test response, the students had

significantly higher satisfaction (p< 0.05) with all five items related to the technical domain.

In APPE, the students had a significantly higher perception of all the items related to the exer-

cise and technical domain in the pre-test compared to the post-test. Satisfaction was signifi-

cantly higher in the pre-test regarding three items of the instructor domain about the

instructor having adequate experience in MyDispense (p = 0.015), the instructor encouraging

me to complete the exercise successfully (p = 0.002), and the instructor being available to clar-

ify my doubts. Three items in the communication domain had significantly higher perceptions

in the pre-test, including "I was confident during the interaction with the virtual patient"

(p = 0.000), "It seemed like a real-world experience when I engaged with a virtual patient"

(p = 0.000), and "The interaction with the virtual patient was useful to complete the session

successfully" (p = 0.000).

4. Discussion

The study validated an 18-item structured questionnaire to assess the student perception of

virtual pharmacy. It was already well established that MyDispense supports academicians to

enhance student learning, increase academic and practical knowledge, and develop essential

skills needed to become a pharmacist [9,30,31]. The Pharmacy students’ career option prefer-

ence as a pharmacist was strongly influenced by their satisfaction with the activities in the

Table 3. Model fit indices of CFA.

CFI TLI SRMR RMSEA 90% confidence interval χ2 df χ2/ df

Lower Upper

Observed 0.938 0.927 0.0455 0.0763 0.0640 0.0885 279 129 2.16

Reference > 0.9 > 0.9 < 0.08 < 0.08 - - - - < 6

CFI: Comparative Fit Index; TLI: Tucker Lewis Index; SRMR: Standardized Root Mean Square Residual; RMSEA: Mean Square Error of Approximation; χ2: Chi-

Square; df: Degrees of Freedom.

https://doi.org/10.1371/journal.pone.0314117.t003

Table 4. Convergent validity and discriminant validity of CFA.

Composite reliability Resources Instructor Technical Communication

Resources 0.849 0.533

Instructor 0.841 (0.390) 0.517

Technical 0.891 (0.135) (0.283) 0.620

Communication 0.936 (0.265) (0.125) (0.158) 0.745

Average variance extracted (AVE) in bold letters; Squared correlations (SC) mentioned in bracket.

AVE > 0.5 and AVE > SC values (for the corresponding factors) determine the convergent and discriminant validity.

https://doi.org/10.1371/journal.pone.0314117.t004
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Table 5. Student perception with a virtual siulation of the IPPE 2 course (n = 121).

No Items Mean (SD) Wilcoxon signed-rank

test

Pre-test Post-test z p

1 The exercise was related to the course objective 4.13 (1.35) 4.37 (1.06) -0.849 0.396

2 The details related to the exercise were clear to me 4.30 (1.21) 4.50 (0.83) -0.427 0.669

3 I am aware of the rubrics and assessment criteria for the exercise 4.48 (1.06) 4.58 (0.72) -0.600 0.548

4 The instructor had a thorough knowledge of the exercise 4.45 (1.02) 4.50 (0.72) -0.720 0.472

5 The instructor had adequate experience in MyDispense 4.49 (1.04) 4.57 (0.78) -0.339 0.735

6 The instructor thoroughly demonstrated the MyDispense session 4.60 (0.75) 4.55 (0.73) -0.735 0.462

7 The instructor encouraged me to complete the exercise successfully 4.55 (0.88) 4.51 (0.83) -0.827 0.408

8 The instructor was available to clarify my doubts (if any) regarding the exercise 4.43 (1.11) 4.41 (0.90) -1.397 0.162

9 The prescription was clear and I had access to all patient information 4.37 (0.86) 4.18 (0.74) -2.616 0.009

10 I felt that dispensing drugs was like a real-world experience 3.92 (1.19) 3.64 (1.06) -2.232 0.026

11 I was able to pick up the correct medication from the rags for dispensing 3.91 (1.21) 3.61 (1.05) -2.317 0.021

12 I felt the labeling process and barcode scanning was like a real-world experience 4.43 (0.80) 4.21 (0.76) -2.862 0.004

13 I was able to track and manage the time of the exercise efficiently 4.24 (0.99) 3.89 (0.94) -3.073 0.002

14 I was confident during the interaction with the virtual patient 3.94 (1.28) 3.87 (0.96) -1.653 0.098

15 It seemed like a real-world experience when I engaged with a virtual patient 3.93 (1.34) 3.74 (1.21) -1.753 0.080

16 The interaction with the virtual patient was useful to complete the session successfully 3.79 (1.14) 3.73 (0.91) -1.219 0.223

17 I was able to educate the patient through MyDispense session 3.58 (1.39) 3.60 (1.07) -0.239 0.811

18 I was able to answer the questions asked by the virtual patient 4.06 (1.19) 3.90 (1.08) -1.941 0.052

https://doi.org/10.1371/journal.pone.0314117.t005

Table 6. Student perception with a virtual simulation of the APPE course (n = 117).

No Items Mean (SD) Wilcoxon signed-rank

test

Pre-test Post-test z p

1 The exercise was related to the course objective 4.68 (0.82) 4.38 (0.99) -3.164 0.002

2 The details related to the exercise were clear to me 4.60 (1.00) 4.44 (0.77) -3.153 0.002

3 I am aware of the rubrics and assessment criteria for the exercise 4.62 (0.96) 4.46 (0.95) -2.389 0.017

4 The instructor had a thorough knowledge of the exercise 4.22 (1.20) 4.59 (0.66) -1.942 0.052

5 The instructor had adequate experience in MyDispense 4.68 (0.87) 4.54 (0.76) -2.441 0.015

6 The instructor thoroughly demonstrated the MyDispense session 4.21 (1.31) 4.50 (0.75) -0.585 0.559

7 The instructor encouraged me to complete the exercise successfully 4.34 (1.25) 4.28 (0.73) -3.098 0.002

8 The instructor was available to clarify my doubts (if any) regarding the exercise 4.33 (1.29) 4.00 (0.96) -4.074 0.000

9 The prescription was clear and I had access to all patient information 4.64 (0.89) 3.92 (0.98) -6.483 0.000

10 I felt that dispensing drugs was like a real-world experience 4.57 (0.99) 4.17 (0.80) -5.550 0.000

11 I was able to pick up the correct medication from the rags for dispensing 4.50 (0.91) 3.85 (0.81) -6.582 0.000

12 I felt the labeling process and barcode scanning was like a real-world experience 4.38 (1.01) 3.63 (0.92) -6.169 0.000

13 I was able to track and manage the time of the exercise efficiently 4.42 (0.99) 3.85 (0.98) -5.420 0.000

14 I was confident during the interaction with the virtual patient 4.39 (1.07) 3.74 (0.85) -6.220 0.000

15 It seemed like a real-world experience when I engaged with a virtual patient 4.48 (1.05) 3.47 (1.00) -7.758 0.000

16 The interaction with the virtual patient was useful to complete the session successfully 4.51 (0.97) 3.70 (0.84) -8.065 0.000

17 I was able to educate the patient through MyDispense session 4.38 (1.06) 4.20 (1.04) -1.918 0.055

18 I was able to answer the questions asked by the virtual patient 4.23 (1.29) 4.26 (0.99) -1.313 0.189

https://doi.org/10.1371/journal.pone.0314117.t006
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Pharmacy curriculum [32]. Therefore, it is important to obtain students’ perceptions periodi-

cally to update the activities in the curriculum. Previous studies addressed the student percep-

tion with the questionnaire related to the learning, technical, and communication aspects in

terms of virtual patients [4,13,15,33]. In addition, our questionnaire addresses the students’

perceptions about the suitability of exercise for the course and clarity of exercise and assess-

ment criteria. Also, the questionnaire can know the student’s perception regarding their

instructor in various aspects, including knowledge of the exercise, experience in MyDispense,

demonstration skills, motivation of students, and availability to sort out any difficulties. Suc-

cessful implementation of the virtual simulation exercise depends on the resources available in

the institution [34]. Integrating virtual pharmacy simulation among experiential education

needs a careful selection of exercises and strategic implementation of them within the courses

[30]. Student perception of instructors is strongly related to their satisfaction with online learn-

ing, and motivation of students toward virtual platforms will help to achieve the learning out-

comes [35–37]. Hopefully, the additional domains in the questionnaire will help the

academicians improve the quality of creating and implementing the exercises and instructional

approach through the feedback from the students.

The questionnaire was implemented in pre-test and post-test in both IPPE 2 and APPE.

Overall, the student’s perception was found to be good regarding integrating MyDispense with

IPPE 2 and APPE in terms of all the domains in the questionnaire. In IPPE2, the students

found difficulty regarding technical aspects during the test, reflected in their post-test

responses. To the best of our knowledge, there are no reports of psychological or physiological

factors, if any, deteriorating student performance while appearing with MyDispense for the

first time. However, previous researchers reported that virtual simulation reduces anxiety

among occupational therapy students [38]; however, another author published a conflicting

report that virtual simulation was capable of causing psychological and physiological stress

among medical and nursing students [39]. This study warrants future studies to investigate the

correlation between the level of stress and anxiety with performance while integrating MyDis-

pense in introductory experiential education. The exercises in the tutorial and formative

assessment might have differences in complexity level (S1 File). In this regard, the complexity

of the exercise could be the potential confounding factor for the significantly lower perception

of the students in the post-test survey. Therefore, the academicians need to pay more attention

to maintain the complexity level of exercise in both tutorial and evaluation.

The usefulness of MyDispense in improving communication skills has already been estab-

lished regarding comprehensive patient-fact findings, and it also facilitates the students to pre-

pare the counseling points in various practice set-ups [9]. The exercises in APPE mainly

focussed on testing the skills related to the communication aspects followed by technical skills.

The student perception related to all the items in the exercise and three items related to the

instructor domain were significantly lower in the post-test survey. This feedback from the stu-

dents will allow the academicians to improve the quality of exercises and the involvement of

instructors [30,35–37]. The students highly perceived the MyDispense pre-test in all the items

of the technical domain and three items in communication aspects. It might be due to the psy-

chological or physiological stress associated with the students during the exam [39]. The post-

test student responses imply that the student needs more motivation to answer patient ques-

tions and dispense multiple medications in APPE at a given time. Henceforth, the academi-

cians can able to improve the quality of exercises and improve their participation to enhance

the student’s face-to-face real-world experience in terms of handling complex situations in

pharmacy practice [32,40].
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4.1 Strength and limitations

The study has come up with a new 18-item validated questionnaire for the first time, and

the questionnaire can be implemented in both introductory and advanced experiential edu-

cation. However, the study has the following limitations: 1. A limited sample size may be

unable to judge all the aspects of exercises, instructor, technical, and communication, 2.

The study was conducted in one site, and the results cannot be generalized. 3. The question-

naire was validated by acquiring students from a single institution; it could have been

obtained from students of different Universities, and 4. Both pre-test and post-test surveys

took place after only one exercise might not be enough to reflect student satisfaction

accurately.

5. Conclusion

This study supplies a validated 18-item questionnaire to assess the student perception of the

integration of MyDispense with introductory and advanced experiential education. This ques-

tionnaire can help the academicians to enhance the quality of exercises and instructors by

acquiring the student’s perceptions. The complexity of exercises reflects the student satisfac-

tion; hence, the instructors need to be well-prepared with good-quality exercises and also need

to encourage the students to perform well while integrating MyDispense with advanced-level

experiential education.

Supporting information

S1 File. Case details.

(DOCX)

Acknowledgments

We are thankful to Monash University, Australia, for partnering with the University of Tabuk

to utilize MyDispense to train pharmacy students in various aspects (https://info.mydispense.

monash.edu/community/partner-institutions/).

Author Contributions

Conceptualization: Palanisamy Amirthalingam, Mostafa A. Sayed Ali.

Data curation: Palanisamy Amirthalingam, Vinoth Prabhu Veeramani, Majed Falah Alanazi,

Muralikrishnan Dhanasekaran.

Formal analysis: Shahul Hameed Pakkir Mohamed, Mathar Mohideen Nagoor Thangam.

Funding acquisition: Palanisamy Amirthalingam, Shahul Hameed Pakkir Mohamed, Vinoth

Prabhu Veeramani, Mathar Mohideen Nagoor Thangam, Majed Falah Alanazi, Muralik-

rishnan Dhanasekaran, Vasudevan Mani, Mostafa A. Sayed Ali.

Investigation: Vinoth Prabhu Veeramani, Muralikrishnan Dhanasekaran, Vasudevan Mani,

Mostafa A. Sayed Ali.

Methodology: Palanisamy Amirthalingam, Shahul Hameed Pakkir Mohamed, Vinoth Prabhu

Veeramani, Mathar Mohideen Nagoor Thangam.

Project administration: Palanisamy Amirthalingam, Vinoth Prabhu Veeramani, Muralikrish-

nan Dhanasekaran.

PLOS ONE The effectiveness of a structured validated questionnaire to assess student perception with virtual pharmacy

PLOS ONE | https://doi.org/10.1371/journal.pone.0314117 November 21, 2024 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314117.s001
https://info.mydispense.monash.edu/community/partner-institutions/
https://info.mydispense.monash.edu/community/partner-institutions/
https://doi.org/10.1371/journal.pone.0314117


Resources: Palanisamy Amirthalingam, Vinoth Prabhu Veeramani, Majed Falah Alanazi,

Mostafa A. Sayed Ali.

Software: Palanisamy Amirthalingam, Shahul Hameed Pakkir Mohamed, Mathar Mohideen

Nagoor Thangam, Muralikrishnan Dhanasekaran, Vasudevan Mani.

Supervision: Palanisamy Amirthalingam, Muralikrishnan Dhanasekaran, Vasudevan Mani.

Validation: Palanisamy Amirthalingam, Vinoth Prabhu Veeramani, Mostafa A. Sayed Ali.

Visualization: Palanisamy Amirthalingam, Majed Falah Alanazi, Muralikrishnan Dhanase-

karan, Vasudevan Mani.

Writing – original draft: Palanisamy Amirthalingam, Shahul Hameed Pakkir Mohamed,

Vinoth Prabhu Veeramani, Mathar Mohideen Nagoor Thangam, Mostafa A. Sayed Ali.

Writing – review & editing: Majed Falah Alanazi, Muralikrishnan Dhanasekaran, Vasudevan

Mani.

References
1. Gharib AM, Bindoff IK, Peterson GM, Salahudeen MS. Computer-Based Simulators in Pharmacy Prac-

tice Education: A Systematic Narrative Review. Pharmacy (Basel). 2023; 11(1):8. Published 2023 Jan

2. https://doi.org/10.3390/pharmacy11010008 PMID: 36649018

2. Lim AS, Lee SWH. Is Technology Enhanced Learning Cost-effective to Improve Skills?: The Monash

Objective Structured Clinical Examination Virtual Experience. Simul Healthc. 2022; 17(2):131–135.

https://doi.org/10.1097/SIH.0000000000000526 PMID: 33273417

3. Hamilton LA, Suda KJ, Heidel RE, McDonough SLK, Hunt ME, Franks AS. The role of online learning in

pharmacy education: A nationwide survey of student pharmacists. Curr Pharm Teach Learn. 2020; 12

(6):614–625. https://doi.org/10.1016/j.cptl.2020.01.026 PMID: 32482262

4. Korayem GB, Alboghdadly AM. Integrating simulation into advanced pharmacy practice experience cur-

riculum: An innovative approach to training. Saudi Pharm J. 2020; 28(7):837–843. https://doi.org/10.

1016/j.jsps.2020.06.004 PMID: 32647485

5. Lin K, Travlos DV, Wadelin JW, Vlasses PH. Simulation and introductory pharmacy practice experi-

ences. Am J Pharm Educ. 2011; 75(10):209. https://doi.org/10.5688/ajpe7510209 PMID: 22345728

6. Katoue MG, Ker J. Simulation for Continuing Pharmacy Education: Development and Implementation

of a Simulation-Based Workshop on Medicines Reconciliation for Pharmacists. J Contin Educ Health

Prof. 2019; 39(3):185–193. https://doi.org/10.1097/CEH.0000000000000257 PMID: 31166221

7. McDowell J, Styles K, Sewell K, et al. A Simulated Learning Environment for Teaching Medicine Dis-

pensing Skills. Am J Pharm Educ. 2016; 80(1):11. https://doi.org/10.5688/ajpe80111 PMID: 26941437

8. Mak V, Fitzgerald J, Holle L, Vordenberg SE, Kebodeaux C. Meeting pharmacy educational outcomes

through effective use of the virtual simulation MyDispense. Curr Pharm Teach Learn. 2021; 13(7):739–

742. https://doi.org/10.1016/j.cptl.2021.03.003 PMID: 34074500

9. Khera HK, Mannix E, Moussa R, Mak V. MyDispense simulation in pharmacy education: a scoping

review. J Pharm Policy Pract. 2023; 16(1):110. https://doi.org/10.1186/s40545-023-00618-0 PMID:

37770985

10. Seybert AL, Smithburger PL, Benedict NJ, Kobulinsky LR, Kane-Gill SL, Coons JC. Evidence for simu-

lation in pharmacy education. J Am Coll Clin Pharm. 2019; 2(6):686–692. https://doi.org/10.1002/jac5.

1167

11. Yuan HB, Williams BA, Fang JB, Ye QH. A systematic review of selected evidence on improving knowl-

edge and skills through high-fidelity simulation. Nurse Educ Today. 2012; 32(3):294–298. https://doi.

org/10.1016/j.nedt.2011.07.010 PMID: 21862186

12. Presado MHCV, Colaço S, Rafael H, et al. Learning with High Fidelity Simulation. Aprender com a

Simulação de Alta Fidelidade. Cien Saude Colet. 2018; 23(1):51–59. https://doi.org/10.1590/1413-

81232018231.23072017 PMID: 29267811

13. Amirthalingam P, Hamdan AM, Veeramani V.P, A Sayed Ali M. A comparison between student perfor-

mances on objective structured clinical examination and virtual simulation. Pharm. Educ. 2022; 22

(1):466–473. https://doi.org/10.46542/pe.2021.221.466473

PLOS ONE The effectiveness of a structured validated questionnaire to assess student perception with virtual pharmacy

PLOS ONE | https://doi.org/10.1371/journal.pone.0314117 November 21, 2024 11 / 13

https://doi.org/10.3390/pharmacy11010008
http://www.ncbi.nlm.nih.gov/pubmed/36649018
https://doi.org/10.1097/SIH.0000000000000526
http://www.ncbi.nlm.nih.gov/pubmed/33273417
https://doi.org/10.1016/j.cptl.2020.01.026
http://www.ncbi.nlm.nih.gov/pubmed/32482262
https://doi.org/10.1016/j.jsps.2020.06.004
https://doi.org/10.1016/j.jsps.2020.06.004
http://www.ncbi.nlm.nih.gov/pubmed/32647485
https://doi.org/10.5688/ajpe7510209
http://www.ncbi.nlm.nih.gov/pubmed/22345728
https://doi.org/10.1097/CEH.0000000000000257
http://www.ncbi.nlm.nih.gov/pubmed/31166221
https://doi.org/10.5688/ajpe80111
http://www.ncbi.nlm.nih.gov/pubmed/26941437
https://doi.org/10.1016/j.cptl.2021.03.003
http://www.ncbi.nlm.nih.gov/pubmed/34074500
https://doi.org/10.1186/s40545-023-00618-0
http://www.ncbi.nlm.nih.gov/pubmed/37770985
https://doi.org/10.1002/jac5.1167
https://doi.org/10.1002/jac5.1167
https://doi.org/10.1016/j.nedt.2011.07.010
https://doi.org/10.1016/j.nedt.2011.07.010
http://www.ncbi.nlm.nih.gov/pubmed/21862186
https://doi.org/10.1590/1413-81232018231.23072017
https://doi.org/10.1590/1413-81232018231.23072017
http://www.ncbi.nlm.nih.gov/pubmed/29267811
https://doi.org/10.46542/pe.2021.221.466473
https://doi.org/10.1371/journal.pone.0314117


14. Lucas C, Williams K, Bajorek B. Virtual Pharmacy Programs to Prepare Pharmacy Students for Com-

munity and Hospital Placements. Am J Pharm Educ. 2019; 83(10):7011. https://doi.org/10.5688/

ajpe7011 PMID: 32001870

15. Shin J, Tabatabai D, Boscardin C, Ferrone M, Brock T. Integration of a Community Pharmacy Simula-

tion Program into a Therapeutics Course. Am J Pharm Educ. 2018; 82(1):6189. https://doi.org/10.5688/

ajpe6189 PMID: 29491500

16. Zamanzadeh V, Ghahramanian A, Rassouli M, Abbaszadeh A, Alavi-Majd H, Nikanfar AR. Design and

Implementation Content Validity Study: Development of an instrument for measuring Patient-Centered

Communication. J Caring Sci. 2015; 4(2):165–178. Published 2015 Jun 1. https://doi.org/10.15171/jcs.

2015.017 PMID: 26161370

17. Polit DF, Beck CT, Owen SV. Is the CVI an acceptable indicator of content validity? Appraisal and rec-

ommendations. Res Nurs Health. 2007; 30(4):459–467. https://doi.org/10.1002/nur.20199 PMID:

17654487

18. Deng L, Chan W. Testing the Difference Between Reliability Coefficients Alpha and Omega. Educ Psy-

chol Meas. 2017; 77(2):185–203. https://doi.org/10.1177/0013164416658325 PMID: 29795909

19. Viladrich C, Angulo-Brunet A, Doval E. A Journey around alpha and omega to estimate internal consis-

tency reliability. Anales de Psicologı́a, 2017; 33(3):755–782. https://doi.org/10.6018/analesps.33.3.

268401

20. Mya KS, Zaw KK, Mya KM. Developing and validating a questionnaire to assess an individual’s per-

ceived risk of four major non-communicable diseases in Myanmar. PLoS One. 2021; 16(4):e0234281.

Published 2021 Apr 27. https://doi.org/10.1371/journal.pone.0234281 PMID: 33905409

21. Tavakol M, Wetzel A. Factor Analysis: a means for theory and instrument development in support of

construct validity. Int J Med Educ. 2020; 11:245–247. Published 2020 Nov 6. https://doi.org/10.5116/

ijme.5f96.0f4a PMID: 33170146

22. Bartlett MS. A Note on the Multiplying Factors for Various χ2 Approximations. J R Stat Soc Series B.

1954; 16:296–8. https://doi.org/10.1111/j.25176161.1954.tb00174.x

23. Kaiser HF. An index of factorial simplicity. Psychometrika. 1974; 39,31–36. https://doi.org/10.1007/

BF02291575

24. Peterson RA. A Meta-Analysis of Variance Accounted for and Factor Loadings in Exploratory Factor

Analysis. Marketing Letters. 2000: 11:261–275. https://doi.org/10.1023/A:1008191211004

25. Kogar H, Yılmaz Kogar E. Comparison of Different Estimation Methods for Categorical and Ordinal

Data in Confirmatory Factor Analysis. J. Meas. Eval. 2016; 6(2): 0–0. https://doi.org/10.21031/epod.

94857

26. Hair JF, Black WC, Babin BJ, Anderson RE. Multivariate Data Analysis: A Global Perspective. 7th Edi-

tion, 2010; Pearson Education: Upper Saddle Rive.

27. Hou D, Al-Tabbaa A, Chen H, Mamic I. Factor analysis and structural equation modelling of sustainable

behaviour in contaminated land remediation. J Clean Prod. 2014; 84:439–49. https://select-statistics.

co.uk/calculators/sample-size-calculator-two-means/.

28. Costello AB, Osborne JW. Best practices in exploratory factor analysis: Four recommendations for get-

ting the most from your analysis. Pract. Assess. Res. Evaluation. 2005; 10:1–9.

29. Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. Evaluating the use of exploratory factor analy-

sis in psychological research. Psychol. Methods. 1999; 4(3):272–299. https://doi.org/10.1037/1082-

989X.4.3.272

30. Phanudulkitti C, Puengrung S, Meepong R, Vanderboll K, Farris KB, Vordenberg SE. A systematic

review on the use of virtual patient and computer-based simulation for experiential pharmacy education.

Explor Res Clin Soc Pharm. 2023; 11:100316. Published 2023 Aug 7. https://doi.org/10.1016/j.rcsop.

2023.100316 PMID: 37635840

31. Al-Diery T, Hejazi T, Al-Qahtani N, ElHajj M, Rachid O, Jaam M. Evaluating the use of virtual simulation

training to support pharmacy students’ competency development in conducting dispensing tasks. Curr

Pharm Teach Learn. Published online September 5, 2024. https://doi.org/10.1016/j.cptl.2024.102199

PMID: 39241581

32. Alnahar SA, Mamiya KT, John C, Bader L, Bates I. Experience with pharmacy academic programmes

and career aspirations of pharmacy students and young pharmacists-an international cross-sectional

study. BMC Med Educ. 2022; 22(1):444. Published 2022 Jun 8. https://doi.org/10.1186/s12909-022-

03510-8 PMID: 35676676

33. Johnson AE, Barrack J, Fitzgerald JM, Sobieraj DM, Holle LM. Integration of a Virtual Dispensing Simu-

lator "MyDispense" in an Experiential Education Program to Prepare Students for Community Introduc-

tory Pharmacy Practice Experience. Pharmacy (Basel). 2021; 9(1):48. Published 2021 Feb 27. https://

doi.org/10.3390/pharmacy9010048 PMID: 33673541

PLOS ONE The effectiveness of a structured validated questionnaire to assess student perception with virtual pharmacy

PLOS ONE | https://doi.org/10.1371/journal.pone.0314117 November 21, 2024 12 / 13

https://doi.org/10.5688/ajpe7011
https://doi.org/10.5688/ajpe7011
http://www.ncbi.nlm.nih.gov/pubmed/32001870
https://doi.org/10.5688/ajpe6189
https://doi.org/10.5688/ajpe6189
http://www.ncbi.nlm.nih.gov/pubmed/29491500
https://doi.org/10.15171/jcs.2015.017
https://doi.org/10.15171/jcs.2015.017
http://www.ncbi.nlm.nih.gov/pubmed/26161370
https://doi.org/10.1002/nur.20199
http://www.ncbi.nlm.nih.gov/pubmed/17654487
https://doi.org/10.1177/0013164416658325
http://www.ncbi.nlm.nih.gov/pubmed/29795909
https://doi.org/10.6018/analesps.33.3.268401
https://doi.org/10.6018/analesps.33.3.268401
https://doi.org/10.1371/journal.pone.0234281
http://www.ncbi.nlm.nih.gov/pubmed/33905409
https://doi.org/10.5116/ijme.5f96.0f4a
https://doi.org/10.5116/ijme.5f96.0f4a
http://www.ncbi.nlm.nih.gov/pubmed/33170146
https://doi.org/10.1111/j.25176161.1954.tb00174.x
https://doi.org/10.1007/BF02291575
https://doi.org/10.1007/BF02291575
https://doi.org/10.1023/A%3A1008191211004
https://doi.org/10.21031/epod.94857
https://doi.org/10.21031/epod.94857
https://select-statistics.co.uk/calculators/sample-size-calculator-two-means/
https://select-statistics.co.uk/calculators/sample-size-calculator-two-means/
https://doi.org/10.1037/1082-989X.4.3.272
https://doi.org/10.1037/1082-989X.4.3.272
https://doi.org/10.1016/j.rcsop.2023.100316
https://doi.org/10.1016/j.rcsop.2023.100316
http://www.ncbi.nlm.nih.gov/pubmed/37635840
https://doi.org/10.1016/j.cptl.2024.102199
http://www.ncbi.nlm.nih.gov/pubmed/39241581
https://doi.org/10.1186/s12909-022-03510-8
https://doi.org/10.1186/s12909-022-03510-8
http://www.ncbi.nlm.nih.gov/pubmed/35676676
https://doi.org/10.3390/pharmacy9010048
https://doi.org/10.3390/pharmacy9010048
http://www.ncbi.nlm.nih.gov/pubmed/33673541
https://doi.org/10.1371/journal.pone.0314117


34. Wald DA. Cripe J, Garcia P. Incorporating a virtual simulation exercise into the preclerkship undergradu-

ate curriculum. Acad Emerg Med. 2021; 28(SUPPL 1):S399–S400, 2021.

35. Mills JM, VanAtta CN, Hendershot RS, Rao S. Pharmacy Students’ Perceptions of Remote versus

Face-to-Face Learning Experience. Pharmacy (Basel). 2023; 11(3):97. Published 2023 Jun 8. https://

doi.org/10.3390/pharmacy11030097 PMID: 37368423

36. Wang R, Han J, Liu C, Xu H. How Do University Students’ Perceptions of the Instructor’s Role Influence

Their Learning Outcomes and Satisfaction in Cloud-Based Virtual Classrooms During the COVID-19

Pandemic?. Front Psychol. 2021; 12:627443. Published 2021 Apr 16. https://doi.org/10.3389/fpsyg.

2021.627443 PMID: 33935878

37. Lee SJ. Srinivasan S. Trail T. Lewis D. Lopez S. Examining the relationship among student perception

of support, course satisfaction, and learning outcomes in online learning. Internet High. Educ. 2011;

14:158–163.

38. Concannon BJ, Esmail S, Roduta Roberts M. Immersive Virtual Reality for the Reduction of State Anxi-

ety in Clinical Interview Exams: Prospective Cohort Study. JMIR Serious Games. 2020; 8(3):e18313.

Published 2020 Jul 9. https://doi.org/10.2196/18313 PMID: 32673223

39. Liaw SY, Sutini, Chua WL, et al. Desktop Virtual Reality Versus Face-to-Face Simulation for Team-

Training on Stress Levels and Performance in Clinical Deterioration: a Randomised Controlled Trial. J

Gen Intern Med. 2023; 38(1):67–73. https://doi.org/10.1007/s11606-022-07557-7 PMID: 35501626

40. Ambroziak K., Ibrahim N., Marshall V. D., & Kelling S. E. (2018). Virtual simulation to personalize stu-

dent learning in a required pharmacy course. Curr Pharm Teach Learn. 10(6), 750–756. https://doi.org/

10.1016/j.cptl.2018.03.017 PMID: 30025776

PLOS ONE The effectiveness of a structured validated questionnaire to assess student perception with virtual pharmacy

PLOS ONE | https://doi.org/10.1371/journal.pone.0314117 November 21, 2024 13 / 13

https://doi.org/10.3390/pharmacy11030097
https://doi.org/10.3390/pharmacy11030097
http://www.ncbi.nlm.nih.gov/pubmed/37368423
https://doi.org/10.3389/fpsyg.2021.627443
https://doi.org/10.3389/fpsyg.2021.627443
http://www.ncbi.nlm.nih.gov/pubmed/33935878
https://doi.org/10.2196/18313
http://www.ncbi.nlm.nih.gov/pubmed/32673223
https://doi.org/10.1007/s11606-022-07557-7
http://www.ncbi.nlm.nih.gov/pubmed/35501626
https://doi.org/10.1016/j.cptl.2018.03.017
https://doi.org/10.1016/j.cptl.2018.03.017
http://www.ncbi.nlm.nih.gov/pubmed/30025776
https://doi.org/10.1371/journal.pone.0314117

