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4.3.1.1 Medical/Surgical and Pediatric Unit 

 The Medical/Surgical and Pediatric Unit at Hospital A used a medication station 

(Pyxis system) to store the medications for its patients. The medication station in the 

Medical/Surgical and Pediatric Unit is located in the nurse’s station (Figure 4.2). Due to 

the nature of the location, nurses in the unit always needed to log into the medication 

station and access the medication needed by a patient one at a time. 

 

Figure 4.2 A medication station located in the nurse station at the Medical/Surgical and 
Pediatric Unit in Hospital A



 

95 
 

Figure 4.3 shows the current process of administrating medication workflow 

within the Medical/Surgical and Pediatric Unit at Hospital A. The entire medication 

administration workflow within unit starts by reviewing patients’ medication 

administration records (MARs), which are usually printed out and put in the patients’ 

folders accordingly. At the beginning of each morning medication pass, nurses retrieved 

all patients’ MARs and wrote a note of patients’ whole day medication pass schedule on 

paper or in their private notebooks. The major purpose of this task was to prioritize their 

medication administration tasks.  

According to the medication administration schedule, nurses usually sterilized 

their hands before preparing the medications for the patients. The Medical/Surgical and 

Pediatric nurses accessed all medications from the medication station. They needed to log 

into the system by typing in their usernames and passwords. Since medication station was 

located in the nurse station, some interruptions were observed while nurses were using it. 

For example, the nurses would answer the phone or talk to other staff in the line.  

Sometimes, the nurse would need extra tools for preparing the medications, such 

as scissors for cutting off the medicine’s packaging or a medicine cutter to split pills. 

Once the nurse had prepared all medications for the patient, the nurse carried them and 

the patient’s MAR to the patient’s room. In addition, some interruptions were observed 

while preparing medications or on the way to the patient’s room. 
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When finished medication preparation at the station, the nurse usually went 

directly to the patient’s room. Before contact with patients and passing medications, the 

nurse would sterilize his/her hands in front of patient’s room. Later, the nurse would greet 

the patient, ask the patient’s name and the date of birth, and confirm with the information 

on the patient’s wristband. The purpose of greeting and asking the patient’s name and 

birth date was twofold: to verify the correct patient and to help the nurse identify 

patient’s cognitive status and assess whether the patient was ready to take the 

medications.  

If a patient were ready for the medications, the nurse would administer them. 

Then, the nurse needed to confirm that the patient had applied the medication properly. 

Sometimes, the patient may not be ready for the medication. Under this scenario, the 

nurse would take the patient’s medications back to the nurse station and store them in a 

cabinet drawer located in a chamber beside the nurse station. 

 After administering medications to the patient and the patient taking the 

medications properly, the nurse crossed out the time and names of medications on the 

patient’s MAR. Before leaving the patient’s room, the nurse also checked and initialed 

his/her name on the round sheet usually hanging on the wall in the patient room. Once 

back at the nurse station, the nurse initialed their name beside all medication names on 

the patient’s MAR and put the patient’s MAR back into the folder. During this process, 

interruptions were observed as the nurses were working on the charting and 

documentation tasks in the nurse station. After documentation, if other patients needed 
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medications, the nurse would pull out the MAR for these patients and perform the 

workflow iteratively. 

The thunderbolt symbols in Figure 4.3 represent the interruptions observed during 

the medication administration process in the Medical/Surgical and Pediatric Unit. 

Interruptions were observed not only while nurses were using the medication station but 

on several occasions: when nurses were preparing mediations, on the way to the patients’ 

rooms, or working on the charting tasks at the nurse station. Moreover, as the medication 

station is located in the nurse station, the nurse could be interrupted by questions while 

preparing medicines or working on the documentation tasks. While the nurse transported 

the medications from the nurse station to the patient rooms, he/she may have had to check 

on another patient who had an alarm going off, or someone in the hallway may have 

stopped him/her for questions. 
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4.3.1.2 Orthopedic and Post-Partum, and Labor, Delivery, and Nursery Units 

 The Orthopedic and Post-Partum, and Labor, Delivery, and Nursery Units at 

Hospital A on the same floor (Figure 4.4); thus, they had an identical medication 

administration process. Here, the process represents in one flowchart (Figure 4.5). These 

two units shared one medication station, which is located in the hallway (Figure 4.4). The 

medication storage system in the hallway was bigger than the one in the Medical/Surgical 

and Pediatric Unit. Medications not only are stored in a medication station for these two 

units, but a larger medication cabinet was also located beside the station to store more 

medications.  

 

Figure 4.4 A medication station is located in the hallway between Orthopedics and Post-
Partum, and the Labor, Delivery and Nursery Units in Hospital A. 
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Figure 4.5 shows the current medication administration process in the Orthopedic 

and Post-Partum, and Labor, Delivery, and Nursery Units. Before administering the 

medications, the nurse in these units pulls out patients’ MARs to review the medication 

administration schedule. Due to the location of the medication storage system 

(medication station and cabinet), nurses usually lined up one by one to access the 

medications. Sometimes, nurses chatted while waiting in the line. Interruptions were also 

observed when someone talked to a nurse while he/she accessed medications from the 

medication storage system. 
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Once the nurse logged into the medication station to access the medication, he/she 

also checked the MARs to see whether the patient needed an IV, and if necessary, the 

nurse would access the IVs from a utility room. The utility room was located separate 

from the nurse station, and all medical supplies were stored in the utility room. The IVs 

or medical fluid bags were stored in the utility room because there was no space to store 

big items in the medication station or cabinet.  

Once the nurse prepared all the medications for the patient, the nurse usually 

carried all the medications by hand and transported them to the patient’s room. Inside the 

patient’s room, the nurse orally asked the patient’s name and the date of birth and verified 

the information on the patient’s wristband. When the patient was ready to have the 

medication, the nurse informed the patient of the medications being administered and 

then gave the patient the medicine. After confirming that the patient had taken or applied 

the medications properly, the nurse left the room and went back to the nurse station. The 

nurse initialed their name beside all medication names on the patient’s MAR. After the 

documentation, the nurse puts the patient’s MAR back to the folder. 

In one scenario, if a patient needed an IV drug or fluid, the nurse would peel the 

barcode sticker from the IV fluid bag before administering it. The nurse sometimes 

pasted the barcode stickers onto their uniform. When the nurse returned to the nurse 

station, the nurse inputted the barcode number manually to the computer. This procedure 

can ensured that the system had a record of the patient’s consumption history for medical 

supplies. After finishing all documentation for the patient, the nurse repeated the process 

for the next patient. 



 

103 
 

Similar to the Medical/Surgical and Pediatric Unit in the Hospital A, some 

interruptions were observed in the Orthopedic, Post-Partum and Labor, Delivery, and 

Nursery Unit. Interruptions occurred while the nurses were accessing medications from 

the medication station or heading to the patient’s room in the hallway. 
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4.3.1.3 Long-Term Care Unit 

 The Long-Term Care Unit in Hospital A was located on the third floor in the main 

building (see Figure 4.1). Medications in the Long-Term Care Unit were usually stored in 

a medication cart. Each patient was assigned a drawer in the cart, and the cart was kept in 

a storage closet (room) within the nurse station. 

In general, the medications in the cart were stored weekly for the patients. At the 

beginning of each shift (7am for the morning shift, and 7pm for the evening shift), two 

nurses in the unit would verify the amount of narcotics in the medication cart together. 

Once the amount of narcotics in the cart were matched with patients’ MARs, both nurses 

signed their names on the patients’ MARs. The signed MARs were faxed to the 

pharmacy for further confirmation. 

Figure 4.6 shows the current process of medication administration in the Long-

Term Care Unit at Hospital A. To pass the medications in the Long-Term Care Unit, 

nurses needed to push the medication cart to each patient’s room to administer the 

medications. Nurses stopped the cart in front of the door to prepare the medications. First, 

the nurse evaluated the patient’s status to verify that they were ready to take the 

medications. For example, patients usually took their medication after breakfast. If the 

patient was not ready for taking medicines, the nurse went to another room to administer 

medication to that patient.  

Sometimes, there was a sign on particular patient’s door to notify the nurse of 

extra protections, such as wearing gloves or a gown before entering. These notifications 

also appeared on the shift-change report.  
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In the Long-Term Care Unit, the medication preparation processes were all 

performed beside the medication cart in front of the patient room. The nurse needed to 

unlock the cart and access corresponding medications from the patient’s drawer. Based 

on the MARs, the nurse accessed the correct medications and the correct dose of 

medications for a particular patient. A small plastic cup was used to contain the pills for 

the patient. Before entering the patient room with the medications, the nurse needed to 

ensure the rest of medications were stored properly and the drawer locked securely. 

The nurse usually entered to patient’s room with the medications and patient’s 

MARs. The nurse’s first task was to confirm patient’s identification. The nurse usually 

asked patient’s name and the date of birth to assess the patient’s cognitive status, and 

confirmed the identifications with the information on the patient’s wristband and MAR. 

While administering the medicine, the nurse informed the patient of the name and 

purpose of each medication. The nurse also needed to verify that the patient had applied 

or taken the medications properly. Once the patient had done so, the nurse initialed their 

name beside all medications on the MAR. Before leaving the patient’s room, the nurse 

cleaned their hands again.  

If the nurse had more patients that needed medications, he/she continued the 

abovementioned process. If not, the nurse returned the medication cart to the storage 

room at the nurse station. 

Interruption was not observed in the Long-Term Care Unit at Hospital A. The 

main reason could be that there was usually just one nurse per shift administering the 

medications to all patients on the same floor.
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4.3.2 The Differences in Medication Administration Processes among Departments 

within Hospital A 

Table 4.3 summarizes the breakdown of the task components of the current 

medication administration process in each unit within Hospital. 

 

Table 4.3 Medication administration process breakdown for each observation unit at 
Hospital A 

Symbol in 

Flowcharts 

Task 

Description 

Number of repetitive tasks in 

Medical/Surgical 

and Pediatric Unit 

Orthopedic and 

Post-partum and 

Labor, Delivery, 

& Nursery Units 

Long-term Care 

Unit 

 
 

Documentation 4 1 1 

 
 

Process 6 6 9 

 
 

Decision 3 2 2 

 
 

Preparation 1 1 0 

 
 

Delay 1 1 0 

 
 

Inspection/ 
Confirmation 

3 2 2 

 
 

Transportation 
 

3 3 3 

 
 

Storage 2 1 0 

 
 

Manual Input 0 1 0 
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4.3.2.1 Documentation Tasks 

From reviewing closely the medication administration workflow step by step 

within three observation sites at Hospital A, the documentation tasks happened more 

frequently in the Medical/Surgical and Pediatric Unit than that in other two units. The 

documentation tasks conducted in the unit included nurses writing a note to remind them 

of the patient’s medication schedule, crossing out medication time on the MARs when 

inside patient’s room, and putting initials on each administered medications on the MARs 

when back at the nurse station. In general, writing a note for the patient’s medication time 

and crossing out medication time while patient is taking the medications were not 

considered as formal documentation tasks. However, those tasks were usually used to 

remind the nurses for future tasks. For example, the use of medication-schedule notes 

reminding the nurse when to administer the medication to a cohort of patients on a daily 

basis. Medication-schedule notes helped nurses reduce the workload for memorizing 

which patient needed to be passed the medicine at a particular time. Comparing the 

Medical/Surgical and Pediatric Unit to others, those units had less numbers of patients; 

thus, the nurses in the other units did not write a medication-schedule note prior to 

administering medication. 
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4.3.2.2 Process Tasks 

Process tasks are the main components of the medication administration process. 

Those process tasks usually can be categorized into three major generic process tasks: 

preparing medication, administering medication, and finalizing documentations. In 

general, the nurse in the Long-Term Care Unit had more process tasks than other units 

did in the category of preparing medications. The main reason is that nurses in the Long-

Term Care Unit usually accessed and prepared medications beside the medication cart, 

and the extra processes were when the nurses interacted with the cart, such as putting 

extra medicine back into the drawer or locking and unlocking one particular patient’s 

drawer. 
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4.3.2.3 Preparation Tasks and Delay 

 Preparation tasks and delay were observed in the Medical/Surgical and Pediatric 

Unit, the Orthopedic, Post-Partum Unit and Labor, Delivery, and Nursery Unit, but not in 

Long-Term Care Unit. It is because nurses in the Medical/Surgical and Pediatric and 

Orthopedic and Post-Partum Units needed to wait in line to prepare and access 

medications from the medication station. However, the pharmacy technician usually 

prepared medications in the Lon-Term Care Unit, and the only task for the nurse was to 

pull the correct medications out. In addition, delay was not observed in the Long-Term 

Care Unit, as there was only one nurse to administer medication on the floor. The nurse 

did not need to wait for others to access the cart. 
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4.3.2.4 Inspection/ Confirmation Tasks 

 Inspection or confirmation tasks were observed within all three units. In general, 

nurses needed to confirm patient’s identification before passing the medications and 

verify that the patient had applied medications properly after passing the medications. In 

the Medical/Surgical and Pediatric Unit, some nurses checked the round sheet after 

administering the medications. This particular task was observed rarely in other two 

units. 
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4.3.2.5 Transportation Tasks 

The main transportation tasks during the medication administration process were: 

the nurses walking from the medication storage sites (medication station or cart) to the 

patient room and walking from patient’s room back to the medication storage sites. 

Sometime, nurses would walk to the utility room to access medical supplies or tools 

when preparing medications in the in Medical/Surgical and Pediatric, Orthopedic and 

Post-partum, and Labor, Delivery, and Nursery Units. However, the nurse in the Long-

Term Care Unit needed to head to the utility room to put the medication cart back after 

administering medications on the floor. 
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4.3.2.6 Storage Tasks 

The nurses usually performed the storage task as putting the patients’ MARs back 

into their folders after documenting any changes, and this task was observed in the 

Medical/Surgical and Pediatric and Orthopedic and Post-Partum, and Labor, Delivery, 

and Nursery Units. Patients in the Long-Term Care Unit did not have their own folder; 

thus, this task was not observed. In addition, if the patient was not ready to take their 

medications, the nurse stored the prepared medications securely in another place (a 

drawer in the utility room); this was observed at the Medical/Surgical and Pediatric Unit. 
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4.3.2.7 Manual Input Tasks 

Manual input task was observed when the patient needed bar-coded medical 

supplies. The nurses needed to enter the barcode numbers manually into the computer. 

The purpose of this task was to trace a patient’s medical supplies usage for future billing. 

This particular task was only observed in the Orthopedic and Post-Partum and Labor, 

Delivery, and Nursery Units at Hospital A. 
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4.3.3 Medication Administration Processes at Hospital C 

 Hospital C is a one-story building. Figure 4.7 shows the layout of the facilities at 

Hospital C. Six observational periods (it is based on the number of patients) were 

conducted during the morning medication administration rounds (8:00 am) within the 

Medical/ Surgical Unit at Hospital C. The Medical/Surgical Unit was located on the first 

floor in the right wing of the main entrance. In a general day, about three nurses work on 

a wing, and they are assigned between three to six patients each. 

 

Figure 4.7 The floor plan of Hospital C 
 

 The Medical/Surgical Unit at Hospital C used a medication cabinet (an Omnicell 

system) to store the narcotics and special medications (more expensive ones) for the 

patients. As the medication cabinet did not have a cooling function to store certain 
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medications at their required temperature, a small, common refrigerator with a lock was 

located near the medication cabinet (see Figure 4.8). For example, to administer insulin to 

a patient, the nurse needed to log into the medication cabinet, access the key for the 

refrigerator, and use the key to unlock the refrigerator door to obtain the insulin. After the 

medication preparation, the nurse locked the door and put the key back in the medication 

cabinet. 

 

Figure 4.8 A schematic showing the medication cabinet and small refrigerator located 
behind the Medical/ Surgical Unit nurse station in Hospital C 
 

In addition, medication carts were used in the Medical/Surgical Unit. Some small 

pills or less expensive medications were stored in the medication cart. Each patient on the 

floor had his/her own drawer in the medication cart. Each nurse was assigned a 

medication cart to work with, and a laptop computer was placed on the cart. Nurses 

usually performed the charting and patient evaluation tasks by using this laptop computer 

with an electronic health record system. 

Based on the observation, nurses in Hospital C usually performed the 

documentation and medication preparation tasks in an empty patient room (vacant room) 
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on the floor. The main reasons nurses stayed in an empty room were (1) nurses preferred 

sitting down (either on the bed or chair) when performing the computer tasks, (2) the 

nurse station for the Medical/Surgical Unit was too small to work at, and (3) the nurse 

preferred having a private working space while staying in an vacant room.  

While passing medications to the patients, the Medical/Surgical Unit nurses at 

Hospital C usually transported between the empty room, the medication room (where the 

medication cabinet is located), the supply room, and patients’ rooms. Figure 4.9 shows 

the current process of the medication administration within the Medical/Surgical Unit at 

Hospital C. 
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Nurses in the Medical/Surgical Unit at Hospital C usually reviewed patients’ 

status and prepared medications in empty rooms. Hospital C was planning to switch from 

an old EHR system to another system. Under using the old EHR system, nurses at 

Hospital C had to document patients’ status both on the paper-based and computer-based 

health record, simultaneously. However, all documentation tasks are going to done using 

the new EHR system once implemented.  

Prior to administering medications to the patients in the morning round (8:00 am), 

unit nurses first reviewed all patients’ MARs, and wrote patients’ medication schedules 

on a note. At 8:00 am, pharmacy technicians walked around the floor to stock medication 

inventory in the medication cart. While waiting for the medications, the nurses usually 

used this period to review or evaluate patients’ status on the existing EHR system.  

To use the EHR system, the nurse needed to log into the system by entering the 

identification and password. Interruptions were observed while the nurse was updating 

patients’ status using the laptop on the medication cart. During this period, pharmacy 

technicians would stop by the room to stock the inventory of medications; thus, the nurse 

needed to stop the computer-based documentation task temporarily.  Either the nurse or 

the pharmacy technician needed to enter their pass codes to open the drawers in the 

medication cart. This pass code was not the same as the one for logging into the 

computerized EHR system. 

Sometimes, the nurse finished the computer-based documentation, but the 

pharmacy did not send medications to the floor. Thus, the delay of the medication 

delivery postponed the medication schedule. 
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As mentioned before, medications were stored at two locations in the 

Medical/Surgical Unit: the medication cart and the medication cabinet in the medication 

room (see Figure 4.8). To prepare the medications at the cart, the nurse needed to log into 

the cart by typing in pass codes to access the medications. Interruptions were observed 

during medication preparation tasks when the pharmacy technician restocked the 

inventory. In general, tools for the medication preparation (e.g., scissors or pill splitter) 

were stored around the cart, and nurse could prepare the medication at the cart. However, 

some medications (such as, narcotics or insulin) were not stored at the medication cart, 

but in a cabinet in the medication room. Here, the nurse needed to leave the empty room 

and head to the medication room to get particular medications.  

To access medications from the medication cabinet, the nurses needed to log into 

the medication storage system (a medication cabinet) by inputting their own 

identifications and passwords. If the medications were stored under the required 

temperature, they would be in a locked refrigerator located in a small chamber near the 

medication room (Figure 4.8). However, the key for the locked refrigerator needed to be 

accessed from the medication cabinet. The workflow steps for getting medications from 

the refrigerator are: (1) logging into the medication cabinet; (2) retrieving the key from 

the cabinet; (3) closing the cabinet and logging out from the medication cabinet; (4) 

transporting to another room; (5) unlocking the refrigerator; (6) getting medication from 

the refrigerator; (7) once the medication has been retrieved, a certain medication on the 

MAR must be initialed; (8) transporting back to the medication room; (9) logging into the 
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medication cabinet; (10) putting the key back in the cabinet; and (11) closing the cabinet 

and logging out from the medication cabinet. 

As mentioned previously, expensive medications or narcotics usually were stored 

in the medication cabinet or in the locked refrigerator. According to the facility’s policy, 

when nurses prepared the medications, such as narcotic or insulin, they should have 

another nurse to witness the medication preparation process.  For this scenario, the nurse 

needed to find an available nurse. Both nurses needed to confirm the correct type and 

dose of medication, and both of them needed to initial the patient’s MAR. 

Prior to administering medications to a particular patient, sometimes the nurse 

needed to access medication supplies from a supply room for patient care. For example, 

getting linen from the supply room to dress a patient’s wound. Once the nurse prepared 

all the materials, supplies, or medications for the patient, the first task was to sanitize 

their hands. When entering a patient room, the nurse greeted the patient, and asked their 

name and the date of birth to verify the patient’s status and identification. If the patient 

were ready for taking medicines, the nurse would tell the names and purposes of all 

medications to the patient. Sometimes, there were barcode stickers on the bags of medical 

supplies, so the nurse would peel them off and put them on their shirts or on the patient’s 

MAR. 

After passing the medication to the patient, the nurse needed to check if the 

patient had applied the medicine properly. Once the patient had applied/taken the 

medication properly, the nurse initialed all administered medications on the MAR. 
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A clipboard hung outside the patient’s room to collect all barcode stickers. After 

administering medicines to the patient, the nurse needed to paste all barcodes stickers on 

the board. The billing service staff collected the sheet on the clipboard regularly. Bill 

service charged the patient for consumed medical supplies based on those barcode 

stickers. 

On leaving the patient room, the nurse usually headed back to the empty room to 

finish the documentation or to prepare the next patient’s medications. If no more patients 

required medication, the nurse put the MAR back in the patient’s folder, and performed 

the paper-based clinical documentation. After this, the nurse performed the computer-

based documentation by logging into the EHR system. 
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4.4 The Context-appropriate Medication Administration Process 

4.4.1 The Context-appropriate Medication Administration Process at Hospital A 

4.4.1.1 The Context-appropriate Medication Administration Process in the 

Medical/Surgical and Pediatric Unit 

According to the recorded medication administration processes in the 

Medical/Surgical and Pediatric Unit at Hospital A, the focus group participants raised 

few concerns about the procedures: 

1. Note taking for medication schedule: Based on the observational data, nurses 

usually liked to make a note to remind themselves about patients’ medication 

schedules. However, the participants (nurse mangers) indicated that making a 

note for the medication schedule was not a formal standard medication 

administration procedure, but just individual preference. 

2. Interruptions at the nurse station: The main reasons for interruptions while 

nurses were using medication station are: pharmacy technicians stocked the 

medicine around the same time; and the medication station was located on the 

nurse station; thus, another nurse generally interrupted the medication 

preparation tasks when engaging the conversation. 

3. Availability of the medication: If the medications were not available for a 

particular patient, the nurse needed to call pharmacy for the missing 

medication during the day shift. In addition, if the medications were not ready 

during the night shift, the nurse checked another station for medications. 
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Furthermore, if the medications were not available in any medication station, 

the nurse called the house supervisor for help. 

4. Tools for medication preparation: Any tool for the medication preparation 

needed be available before logging into the station and accessing the 

medications at the medication station. Once nurses were logged into the 

system, they should not leave the medication station to obtain associated tools. 

Furthermore, all the medication preparation tasks should be processed in the 

medication room, rather than at the medication station in the nurse station. 

5. Patient cognitive and physical assessment: For the assessment of patients’ 

status before distributing medications, nurses not only needed to assess 

patient’s cognitive status but also needed to assess a patient’s physical status, 

such as blood pressure or blood sugar, before passing medications. 

6. Not check round sheets at the same time: After passing medications to the 

patient, the nurse sometime checked and initialed on the round sheets in the 

patient room. However, nurse managers indicated that checking round sheets 

was not a part of the medication administration process. The round sheets 

should be checked once every hour, but not after passing the medicine. 

7. Recheck patient is available to have medications: When the patient was not 

ready for taking medications, nurses needed to ensure that the medications 

were stored securely. However, nurse managers could not tell if there was any 

policy or regulation for nurses to follow regarding when to recheck a patient’s 

availability for the medications. 
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8. Initialing the MARs in the patient’s room: Based on the observational data, 

some nurses initialed on all medications on the MARs at the nurse station 

after leaving the patient room. However, facility nurse managers had a 

consensus about that nurse should initial medication on the MAR immediately 

after distributing medication to the patient while inside the patient room. 

The context-appropriate medication administration workflow in Medical/Surgical 

and Pediatric Unit at Hospital A was modified based on the facility nurse mangers’ 

instructions, and this is depicted in Figure 4.10 
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4.4.1.2 The Context-appropriate Medication Administration Process in Orthopedics 

and Post-Partum and Labor, Delivery, and Nursery Units 

During the group discussion with nurse managers at Hospital A, the participants 

raised some concerns regarding medication administration processes in the Orthopedics 

and Post-Partum and Labor, Delivery, and Nursery Units: 

1. IV fluids stored in utility room: Patients sometimes needed non-pharmacy fluids 

when receiving the IV medications, and these fluids were usually stored in the 

utility room near the nurse station. The IV fluids were generally stored in the 

utility room due to space limitations in the medication station. In addition, the 

utility room at Hospital A was used for storing cleaning equipment, such as mops, 

mop buckets, and cleaning utensils. 

2. Pulling medications at station but preparing medication at medication room: 

Nurse Managers at Hospital A indicated that nurses should not prepare any 

medication at the medication station. Medications should be pulled out of the 

station but prepared in the medication room. Thus, nurse should carry the 

medications to the medication room for the preparation, and all the medication 

preparation tools should be in the medication room. However, there was an 

exception for preparing the multi-dose vials, such as insulin. Nurses were allowed 

to prepare the multi-dose vials at the medication station due as the glass bottles of 

multi-dose vials were too fragile to be carried around.  

3. Initialing on MAR whether administrating IV fluid or not: If there was remaining 

fluid in the IV bag, the nurse needed to hang the new IV fluid bag beside the old 
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one. Once the old IV bag ran out of fluid, the IV infusion pump sounded to 

remind the medical staff to change to the new IV fluid. However, even if the old 

IV bag was not out of fluid, the nurse still needed to initial the new IV medication 

on the MAR. 

4. Attach and store barcode stickers securely: The barcode stickers peeled from any 

medical supply or medication should not be attached (pasted) on the nurse’s shirt; 

instead, it is recommended putting them on a piece of paper and storing them 

securely. 

5. Enter the barcode number on the computer system whether the IV fluid is 

administered or not: Even if the new IV fluid bag was not replaced or 

administered to the patient, the nurse needed to input the barcode number from 

the new IV fluid bag into the computer for the documentation. 

The nurse managers also emphasized that several tasks should be performed 

accurately across all units at facility, such as confirming patients’ names and birthdays, 

informing patients of all medications’ names and purposes, and verifying patients have 

applied/taken their medications properly. The context-appropriate medication 

administration workflow in Orthopedics and Post-Partum and Labor, Delivery, and 

Nursery Units at Hospital A was modified based on facility nurse mangers’ consensus, 

and it is depicted in Figure 4.11. 
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4.4.1.3 The Context-appropriate Medication Administration Process in Long-Term 

Care Unit 

Based on the observational data from the medication administration process in the 

Long-Term Care Unit at Hospital A, the nurse managers provided less comment for the 

procedure in this unit. However, the nurse managers still emphasized importance of 

distributing the correct medication at the correct time, with the correct dose to the correct 

patient. Figure 4.12 shows the context-appropriate medication administration workflow 

in the Long-Term Care Unit at Hospital A. 
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4.4.2 The Context-appropriate Medication Administration Process at Hospital C 

 Prior to discussing the context-appropriate medication administration process at 

Hospital C, some distinguished operational characters between two facilities needed to be 

demonstrated. The main differences in the medication administration process between 

Hospital A and C can be categorized into three major topics: 

1. At Hospital C, the medications were not only stored at the medication station, but 

part of medications also some were stored in the medication cart for each nurse. 

In addition, a locked refrigerator was located in a small chamber nearby the 

medication room, and this refrigerator was used to store the medications with the 

required temperature. The key for unlocking the refrigerator could be accessed 

from the medication station. 

2. For preparing narcotics or insulin at Hospital C, the nurse needed to find another 

nurse to witness the medication preparation. 

3. Due to the limited space in the nurse station at Hospital C, each nurse occupied 

and worked in an empty patient room. They nurse usually prepared medications 

and performed the clinical documentation in the room. 

A focus group was held at the Hospital C to investigate the context-appropriate 

medication administration workflow. The participants included the unit nurse managers 

from the emergency department (ED), the Critical Care Unit (CCU), and the Medical/ 

Surgical Unit. All the participants focused on the observational flowchart describing the 

medication administration process and discussed the context-appropriate practice within 

the facility. 
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The group discussion with nurse managers at Hospital C raised some concerns 

regarding the medication administration process in Medical/Surgical Unit: 

1. Note taking for medication schedule: Comments are similar to ones from the 

discussion at Hospital A, as Hospital C nurse managers also indicated that it was 

not a standard procedure to write a note for patients’ medication schedules before 

passing the medication. This task was nurses’ personal preferences. 

2. Medications not delivered from the pharmacy on time: Some delays occurred 

while nurses waited for pharmacy technicians to stock the medication during the 

morning shift. In fact, the medications should be stocked in the medication cart 

before the shift. The nurses should pull out patients’ medication and delivery at 

the correct time. The participants indicated that the facility does not have a 24-

hour pharmacy, and the pharmacy staff’s working hours are from 8 am to 5 pm 

every day. 

3. Patient cognitive and physical assessment: Diabetic patients needed their blood 

sugar checked before taking medicines. As the glucometer was placed and 

charged in the medication room, the nurse needed to access the glucometer from 

there. In addition, the nurse should check the patient’s blood sugar before 

preparing the medication. Sometimes, the patient’s blood sugar index indicated 

that the patient was not ready to take the medications. 

4. Recheck patient is available to have medications: When the patient was not ready 

for their medications, there was no clear policy or regulation for the nurse to 

follow regarding when to recheck the patient’s availability for the medicine.  
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5. Preparing medications for one patient one at a time: As some controlled 

medications (e.g., insulin and narcotics) are stored in the medication station in the 

medication room, the nurse needed to go to the medication room to prepare the 

medications. However, the nurse managers indicated that nurses should not 

prepare medications for more than one patient at a time in the medication room. 

The standard work procedure for preparing controlled medications for two 

patients should be: (1) preparing medication for a patient based on particular 

patient’s MAR in the medication room; (2) locating another nurse to confirm the 

medication and its appropriate dose, and both nurses should initial the MAR; (3) 

heading to the patient’s room to administer the medication; (4) finishing all 

clinical documentations for this particular patient; and (5) heading to the 

medication room to prepare the medication for the next patient, and repeating 

steps (1) to (5) step. Though preparing more than one patient’s medications in the 

medication room at same time could save time, it could result in interrupting 

another nurse’s work by being a witness for the medication preparation; 

nevertheless, the incorrect dose or medication could be given to the patients. 

The context-appropriate medication administration workflow in Medical/Surgical 

Unit at Hospital C was modified based on facility nurse mangers’ comments and is 

depicted in Figure 4.13. 
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4.5 Conclusion 

Observational studies were conducted to elicit the medication administration 

process in five units across two rural hospitals. The medication administration workflow 

charts were illustrated for better visualization of the current work procedures. In addition, 

follow-up focus group discussion boards with nurse managers were held to identify the 

“context-appropriate” medication administration processes for rural healthcare facilities. 

The context-appropriate medication administration workflows were then modified and 

depicted into the revised flowcharts. 

To gain or explore an understanding of how implementing an EHR system would 

cause potential impacts to the medication administration process, a detailed examination 

of each task step within the current drug administration process is needed. In addition, to 

present the current medication administration process information in a clear and easy 

modality, the first step would be to conduct further investigations. The hierarchical task 

analysis (HTA) is a systematical tool for presenting the task steps in a hierarchical 

structure and sequential workflow (Shepherd and Stammers, 2005). A HTA is helpful for 

analyzing the practical framework with a specific goal and work steps in the correct 

order. Each task in the HTA needs to be addressed with an ordinate number, and this 

number is used to present the level of the tasks or goals. In the HTA, task steps 

(activities) can be broken down into clusters with further analysis into those sub-groups.  

Figure 4.14 shows a HTA for the medication administration process. It was 

depicted based on the context-appropriate medication administration process flowcharts 

within the five units across two rural hospitals. Some tasks in the diagram of the HTA do 
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not apply to all scenarios or settings. Thus, short descriptions are provided in the HTA 

diagram to demonstrate how to achieve a set of goals (plan). For example, to achieve the 

second level plan, Plan 1 (review medication administration records), the practitioners 

need to finish 1.1 “gather all MARs for the shift”, 1.2 “read MARs”, and 1.3 “prioritize 

the medication administration schedule” in that order. Furthermore, to execute 1.2 “read 

MARs”, practitioners need to finish tasks 1.2.1 to 1.2.5 in the sequence. 

 Using an HTA to present the context-appropriate medication administration 

process is the first step in demonstrating the complexity of clinical workflow. The HTA 

results can also be used to investigate all potential concerns while implementing a new IT 

system (e.g., EHR) for the medication administration process at rural hospitals. 
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In addition, a hierarchical task analysis diagram also can be presented in a tabular 

format to demonstrate the detailed evaluations for each task. This tabulated HTA 

methodology is a good way for developing appropriate procedures for both system 

engineering practices for the analysis, and the medical staff performing the tasks or 

avoiding the errors.  

Based on the results of the field study and focus groups, Table 4.4 summaries the 

observed errors in the current medication administration process at two studied rural 

hospitals. Each task in the table was assigned with a number to present the order of the 

task, and the description column was used to indicate errors that had been observed in a 

task. Tasks with stars indicate tasks only occurred before implementing the eMAR and 

barcode scanning system.  

 In conclusion, this chapter elaborated a series of detailed research methodologies 

to model and describe the medication administration process before implementing EHR 

system in the rural hospitals. Similar methodologies were used to analysis the medication 

administration process after implementing the new IT system. The detailed comparisons 

of medication administration workflow in pre- and post-implementation of EHR would 

be discussed in the next chapter. 
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CHAPTER FIVE 

CONTEXT-APPROPRIATE RECOMMENDATIONS FOR ELECTRONIC HEALTH 

RECORD SYSTEMS AT RURAL HEALTHCARE FACILITIES 

 

5.1 Introduction 

Detailed procedures for describing the complexity of medication administration 

processes at rural healthcare facilities were discussed in Chapter Four. The facility 

managers validated the context-appropriate, paper-based medication administration 

processes at rural healthcare facilities to ensure the observed data reflect current status. 

To develop a series of recommendations for EHR implementation for the 

medication administration process within small-scale rural healthcare facilities, similar 

methodologies from Chapter Four were applied to extract a step-by-step procedure of the 

medication administration while using the new EHR system. A comprehensive task 

analysis technique was used to document detailed work procedures and then it was 

exanimated carefully for potential errors in each single task.  

Before providing the recommendations for the EHR system implementation, 

comparisons of potential errors in pre- and post-EHR system implementation will be 

presented to demonstrate the evolution of workflow in terms of the medication 

administration process at the rural healthcare facilities. Thus, following topics are 

covered systematically as follows: 

(1) Observed errors before implementing the new EHR system; 

(2) Observed errors after implementing the new EHR system; 
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(3) Errors that could be prevented by using the new EHR system; 

(4) Observed errors in both pre- and post-EHR systems; 

(5) Other observed errors when using EHR system. 

With the listed errors observed in the medication administration process, the 

responding interventions (recommendations) to these errors were developed to improve 

the process while using new EHR system. 
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5.1.1 Causes of Errors in the Medication Administration Process 

 The medication administration process is considered a combination of a series of 

complex tasks that involve interactions between multidisciplinary medical staff, such as 

physicians, pharmacists, and nurses (Fraind, Slagle, Tubbesing, Hughes, and Weinger, 

2002; Grigg, Garrett, and Craig, 2011). In general, there are five phases for passing 

medications to the patients: prescribing, documenting, propagating, administering and 

monitoring (Agrawal, 2009; Aspden, 2007). Regarding the causes of the medication 

errors in the administration phase, Lane, Stanton, and Harrison (2006) pointed out that 

various factors often caused the errors in the medication administration, and that a single 

error could be related to a combination of these factors. 

For example, previous works showed that the medication administration errors 

were highly correlated with illegible hand writing prescriptions and the number of 

patients per nurse (Ghaleb, Barber, Franklin, and Wong, 2010; Tissot et al., 2003), and 

that these two errors could be categorized into tool and organizational factors, 

respectively. Another organizational factor, interruptions in the clinical activities, was 

one commonly reported cause for medication administration errors (Wakefield, 

Wakefield, Uden-Holman, and Blegen, 1998; Westbrook, Woods, Rob, Dunsmuir, and 

Day, 2010). Communication failure among medical staff also played an important role, 

leading to  medication administration errors (Fortescue et al., 2003; Pape, 2003). From 

the task point of view, deviating and violating the drug administration protocol were also 

documented as common causes for the medication administration errors (Agich, 1993; 

Alper et al., 2012; Eisenhauer, Hurley, and Dolan, 2007; Grasso, Genest, Jordan, and 
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Bates, 2003; Manias, Aitken, and Dunning, 2005; Wolf et al., 2006). In addition, 

Calabrese et al. (2001) indicated that a particular type of medication, IV medication, was 

highly correlated to medication errors due to nurses setting a wrong IV infusion rates for 

a patient. 

The health information technology (HIT) system has been realized as a solution to 

reduce medication administration errors in the healthcare sectors (Bates et al., 1998; Poon 

et al., 2010). For example, one component of the EHR system, the barcode scanning 

system, has been reported to reduce errors in verifying medications in the pharmacy 

(Poon et al., 2006). In addition, the barcode scanning system can reduce medication 

administration errors in verifying patients’ identifications and medications information on 

the floor (Morriss et al., 2009; Paoletti et al., 2007; Patterson, Rogers, and Render, 2004).   

Although the HIT could reduce some errors in the conventional medication 

administration process, previous work also showed that new types of problems could be 

generated in certain clinical activities because of the new IT tools (Berger and Kichak, 

2004; Han et al., 2005; Koppel et al., 2005; Patterson, Cook, and Render, 2002). The 

evolved medication administration process caused by initiating a new EHR system for 

resource-limited rural healthcare facilities should be evaluated carefully. A series of 

customized EHR implementation recommendations for rural hospitals should be provided 

to overcome the obstacles of the transition to EHR adoption. 
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5.2 Method 

 To develop a roadmap of the EHR implementation preparation guidelines for the 

medication administration process in the rural healthcare facilities, the context-

appropriate recommendations of a medication administration workflow, established in 

Chapter Four, can be used as a basic scheme for investigating the new model. Semi-

structured group discussions (focus groups) were used to elicit the nurses’ concerns in 

implementing the new EHR system for the medication administration during training 

sessions for the new system. 

 After two months of implementing the new IT system, a follow-up observation 

was conducted to investigate the changes in the workflow regarding the medication 

administration process. A Human Factors Engineering graduate student (the author) 

completed the focus group and field studies. Faculty investigators and facility managers 

monitored and reviewed the group discussion and observational data to ensure the 

validity of the results. 
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5.2.1 Study Facility (Setting) and Participants 

 The focus group and field study were held in a small-rural South Carolina hospital 

(Hospital C). Since Hospital C is in the transition of implementing the new bar code 

mediation administration (BCMA) system, the hospital was selected as a study site in the 

current project. The transition also included the replacement of the old clinical 

documentation system with a new computerized physician order entry (CPOE) and an 

electronic clinical documentation system. These three systems (BCMA, CPOE, and the 

electronic clinical documentation systems) are the major components of the general EHR 

system in the healthcare facilities. 

 Regarding the new EHR system in the Hospital C, the new system (new software 

and hardware) replaced the laptops on the medication carts. Each new laptop attaches 

with a wired barcode scanner for the new BCMA process. In general, nurses need to log 

into the new EHR system to scan barcodes on patients’ wristbands to verify patient 

identification. After verifying patient information, nurses log into the medication cart or 

station to obtain the medications and to scan the medications’ barcodes while 

administering them. 

All the nurses in Hospital C were invited to participate in this study. Facility 

managers informed all nurses about the focus group study during the new IT system 

training session. Facility managers notified all facility nurses about an observation study 

after the new EHR system was implemented. All the study participants were voluntary 

and recruited by their willingness. For either focus group or observational study, the 

participant was informed of the research protocols in advance. All participants were 



 

158 
 

required to sign a consent that specifies that there were no adverse consequences for 

terminating or withdrawing from the study. Clemson University Institutional Review 

Board (IRB) approved all the research protocols. 
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5.2.2 Research Protocols and Data Collection Instrument 

5.2.2.1 Focus Group 

The main purpose of the group discussion was to investigate staff’s concerns 

regarding the new IT system for the medication administration process. Two rounds of 

focus groups were held in Hospital C, and each focus group session was around one hour 

held immediately following the new system training class. A Human Factor graduate 

student (the author) served as a facilitator during the focus group discussions. Before the 

group discussion, a context-appropriate medication administration flowchart for Hospital 

C and probe questions for the focus group were presented to all participants (please see 

Figure 4.13).  

Appendix E shows the detailed probe questions for the focus groups. The probe 

questions were designed based on the cluster of tasks for a particular workplace in the 

facility. In general, nurses normally walk around between the private working space, the 

medication room, the medical supply room, and the patients’ rooms while passing out the 

medications. The private working space is the space where the nurses conduct the clinical 

documentation. In this study, the nurses in Hospital C usually occupied empty rooms for 

charting tasks. The probe questions were used to address potential issues in each 

medication administration task in a particular site.  

During the group discussion, the facilitator (the author) went through the probe 

questions based on the medication administration steps on the flowchart. The researcher 

explained the purpose of focus groups to encourage participants to discuss with and talk 

to each other rather than just addressing the facilitator (Kitzinger, 1995). The discussion 
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data were recorded on a note pad. Faculty investigators monitored all discussion data to 

ensure the quality of study.  

Data analysis of this section focused mainly on documenting the participants’ 

concerns on how the new IT system would impact medical staff’s medication 

administration tasks in the near future. 
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5.2.2.2 Direct Observation 

The field study in this section focused on documenting the medication 

administration process after implementing a new EHR system in Hospital C. The 

researcher (the author) shadowed nurses as they were distributed medications to patients 

during the morning round (starting at 9 am). The same structured field note sheet used in 

the Chapter Four (please see Table 4.1) was used to document the nurses’ administering 

medication tasks after implementing the new system. 

Similar study procedures to those used in Chapter Four were applied in this 

section. The researcher recorded the detailed medication administration tasks when using 

the new IT system. The collected information was: (1) time to perform a specific task 

(when); (2) patients’ room numbers for identification; (3) type and number of 

medications for the patient; (4) any interruptions during the task; (5) types of nursing 

tasks; and (6) types of documentation tasks performed by nurses. All observation data 

were kept confidential. No personal identifiable information for nursing staff and patients 

were recorded. 
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5.3 Results of Focus Group 

Two rounds of focus groups were held in Hospital C on May 2012. The first 

session was held 10 days before the new system “go-live”, and the second one was held 

three days before the new system “go-live”. Both sessions were held right after the last 

training classes for the new system in the facility. The focus groups participants were five 

registered nurses from the Medical/Surgical Department and three from the CCU/ER. All 

participants were female, and the average age was 43.75 years old. 
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5.3.1 Tasks in the Private Working Space 

Before implementing of the new EHR system, nurses in Hospital C usually 

performed the clinical documentation and prepared the medication in a private working 

space (i.e., a vacant patient room). The focus group participants raised some possible 

alternatives regarding their daily tasks for incoming new IT tools. 

1. All MARs will be exchanged electronically 

The nurses believed no more paper-based MARs would need to be printed and 

that all MARs would be presented or exchanged via the new IT system. 

2. Nurses would have liked to have a note for the medication-passing schedule 

Participants still thought they would browse all patients’ MARs at the beginning 

of the shift and make notes to remind themselves of the patients’ medication schedules, 

rather than logging into the system to check medication schedule all the time. They also 

mentioned another benefit to having a note; it avoids a screen-to-screen comparison while 

charting. 

3. Medication cart must be pushed into the patient’s room 

Since the new system includes the barcode scanning system, nurses believed that 

they would have to push the cart (with a laptop computer) into the patient’s room for 

barcode scanning tasks. In addition, nurses believed that they would need to prepare the 

medications in the patient’s room instead of the empty room. 

4. Pharmacy technicians would have difficulties in locating a particular 

medication cart to restock medication 
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Since the nurses would prepare the medications in patients’ rooms (not in a fixed 

location), pharmacy technicians would have difficulties in locating a particular 

medication cart to restock medication. 

5. Performing clinical documentations in the private work place 

Nurses need to push the medication cart to the patient’s room for passing 

medications, therefore, they believed they would perform the clinical documentation 

(charting) in a private working space (an empty patient room). The main reason for 

avoiding charting in patients’ rooms is that nurses believed there would be many 

interruptions from patients while they are performing the documentation tasks in patients’ 

rooms. 
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5.3.2 Tasks in the Medication Room 

Some expensive or controlled medications in Hospital C were stored in the 

medication station in the medication room. In addition, medications with the required 

temperature were stored in a locked refrigerator in the medication room. Thus, the 

medication room was one place for medication preparation in the facility. The focus 

group participants raised some concerns regarding performing tasks in the medication 

room. 

1. Nurses were not sure whether they should scan medications in the medication 

room 

Participants were not sure where they were going to scan the drugs obtained from 

the medication room. Some nurses believed that they needed to obtain drugs from the 

medication room, and bring those drugs to the patient’s room and to scan them. Some 

participants mentioned that they preferred having a barcode scanning system in the 

medication room for checking out the medications. However, it is not clear whether there 

is a plan to install a scanning system in the medication room. 

2. Nurses are not sure how to perform the “witness process” with the new system 

Participants mentioned that they are not sure how to perform the witness process 

(e.g., a second nurse comes verifying the nurse while preparing the correct type and dose 

of insulin and narcotic) once the new IT system has been installed. Participants were 

concerned, as the new barcode scanning system would already help in verifying the 

correct type and dose of the medication. Thus, they think that asking another nurse to 

witness the medication preparation process could be redundant. 
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5.3.3 Tasks in the Supply Room 

Hospital C nurses usually obtained the medical supplies from the supply room. In 

addition, when applying any medical supply to a patient, nurses needed to paste the 

barcode stickers of the supply packaging to a clipboard outside the patient room. This 

task ensured the facility had a record of the patient’s consumption history for medical 

supplies. Thus, the focus group raised some issues during the discussions regarding 

alternative working procedures. 

1. Nurses still needed a clipboard to track the consumption of medical supplies for 

the patients 

Some participants believed they still needed a clipboard to collect all barcode 

stickers for tracking the consumption of the patient’s medical supplies. Billing service 

staff would collect those stickers and scan them regularly.  

2. Have a scanning system in the supply room for “checking out” the medical 

supplies 

On the other hand, some participants believed they would not collect barcode 

stickers from medical supplies anymore as management could install a barcode scanning 

system in the supply room. However, participants were not sure what the procedures 

would be to check out the supplies via the new system. Another issue was raised when 

nurses need to check out the supplies in the supply room via the scanning system. Some 

participants mentioned that they need the scanning system with a function that could 

reverse the inventory record if the supplies were left. 
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5.3.4 Tasks in the Patient Room 

 Nurses perform the main caring tasks and administering medications to the 

inpatients in the patient’s room. Some concerns regarding the new EHR system were 

raised in the group discussions. 

 1. Preparing all medications in the patient’s room 

 Participants were not sure how to check out (or scan) medications from the 

medication room or medical supplies from the supply room. Thus, they believed the 

medications needed to be prepared in the patient’s room as it would be the main place for 

scanning the barcodes. If the medication were located in the medication room, they 

would need to obtain it from there and bring it to the patient’s room for the laptop to scan 

it. After scanning the correct one, the nurse would prepare the medication at the bedside 

in the patient’s room. 

 2. Nurses will not perform clinical documentations in the patient room 

After implementing the new scanning system, nurses would need to push the 

medication cart into the patient’s room for passing medications. However, participants 

indicated that they would not perform the documentation tasks in the patient room due to 

the many expected interruptions from patients. 

 3. Scenario of when patients are not ready for medications 

 Before the new scanning system is installed, sometimes it was observed that the 

nurse had prepared the drugs when the patient was not ready for them. Under this 

scenario, the nurse needed to find a secured way (e.g., lock the medications in the 

patient’s drawer) to store medications. It was mainly due to the nurse preparing the 
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medications (performed it in the empty room or the medication room) prior to 

confirming/assessing the patient’s physical or mental status (performed in the patient’s 

room). Once the new barcode scanning system is installed, the nurse will have to scan the 

patient’s barcode on the wristband to confirm their status before accessing any 

medication information. Nurses will prepare the patient’s medications at the bedside in 

the patient’s room. 
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5.4 Results of Field Study 

Hospital C implemented a new EHR system to replace the old clinical 

documentation system and installed a brand new barcode scanning system for the 

medication administration process. The whole system was implemented on May 2012, 

and the system was “go-live” in the third week of May. The field study was conducted 

two months after the system was “go-live”.  

Seven observational periods (based on the number of patients) were conducted 

during the morning medication administration round (it started at 8:00am) within the 

Medical/Surgical Unit at the facility. The physical settings on the floor in the 

Medical/Surgical Unit had few changes since implementing the new EHR system. For 

example, barcode scanning systems not only were installed on each medication cart, but 

also in the medication room and the supply room for checking out certain medications 

and medical supplies. However, the medication cabinet (an Omnicell) or refrigerator for 

storing certain drugs in the medication room were not changed or moved. In addition, the 

keys for the refrigerator were still stored in the medication cabinet. 

In term of the facility’s policy, Hospital C still maintained the witness process for 

narcotics or insulin preparation. Thus, nurses still needed to find another available nurse 

to witness certain tasks. To perform the medication preparation witness process, the 

witnessed nurses had to enter identifications and passwords in the new EHR system to 

verify types and doses of controlled drugs. 

While passing medications with the new IT system, nurses in the 

Medical/Surgical Unit at Hospital C usually commuted between the empty patient room, 
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the medication room, the supply room, and the patient’s room. Figure 5.1 shows the 

medication administration process with the new EHR system on the floor at the facility. 

The main changes for the heath IT system at Hospital C were replacing the clinical 

documentation system and having a new barcode scanning system for the medication 

administration. For the barcode scanning system, nurses needed to scan patients’ 

barcodes (on the wristbands) to pull out the patients’ electronic medication administration 

records (eMAR). Once verifying a patient’s identification, the nurse then was able to 

prepare and administer the medications. This transition meant all the medication 

preparation tasks were performed in the patient’s room instead of in the empty room 

(please see Figure 4.13 for comparison). 
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5.4.1 Tasks in the Patient Room 

Based on Figure 5.1, once the new EHR system was implemented, the medication 

administration process would start in the patient’s room. When the nurse entered the 

patient’s room, the first task was to sanitize hands. After that, the nurse greeted the 

patient and scanned the patient’s barcode on the wristband to verify identification. Once 

the patient’s identification was registered, the EHR system would pull up patient’s eMAR 

on the laptop screen.  

On reviewing the eMAR, the nurse would realize what types and doses of 

medications the patient required. Some medications could be obtained from the drawer in 

the medication cart, but others could be accessed from the medication station in the 

medication room. However, even eMARs can be exchanged electronically among units 

within the facility. It was observed that some drugs were not delivered on the floor on 

time by the pharmacy. Thus, the medication was not ready for administering and the 

patient needed to wait for the drugs from the pharmacy. 

 If all the medications could be obtained from the medication cart, the nurse would 

prepare the medications in the patient’s room directly. The first step to preparing the 

medications was to scan the barcodes on all medication packaging to verify drug 

information. In addition, certain medications would need another nurse to witness the 

medication preparation process and to verify the drug information. For this scenario, the 

nurse needed to find an available nurse for the witness process. Thus, the nurse had to 

leave the patient’s room temporarily to look for another nurse. Once the witnessed nurse 

verified the medication, he/she needed to enter their identification and password into the 
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EHR system; this witness process was still performed in the patient’s room after 

implementation of the new IT system. 
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5.4.2 Tasks in the Medication Room  

As mentioned previously, some medications were stored in the medication station 

in the medication room. Under this scenario, the nurse would need to commute to the 

medication room for those drugs.  

Based on the observation, a new barcode scanning system was installed in the 

medication room, but the nurse still had to bring the medications back to the patient’s 

room to scan them. Without scanning a patient’s identification barcode (on the 

wristband), it was impossible to pull up the patient’s eMAR to verify (scan) the drug 

information, and this was the main reason the nurse did not scan drugs in the medication 

room. In addition, all medication preparation tasks and witness tasks were also performed 

in the patient’s room instead of in the medication room. Those tasks were required to be 

incorporated with the EHR and barcode scanning systems. 

Other tasks in the medication room were similar to the process before the new 

EHR system was implemented in the Hospital C. However, it was observed that nurses 

preferred to carry the refrigerator keys in their pockets instead of returning keys 

immediately. The reason was that all the barcode scanning tasks were performed in the 

patient’s room. Nurses usually obtained the multi-dose glass vials (they usually needed to 

be stored with a required temperature) from the refrigerator, but scanned and prepared 

them in the patient’s room. After passing those types of medications to the patient, the 

nurse needed to put the remaining medications back in the refrigerator. Thus, nurses 

preferred keeping the key for their convenience to avoid re-logging into the medication 

station to acquire the refrigerator keys and returning the vials.  
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5.4.3 Tasks in the Supply Room 

 After implementing the new EHR system, a barcode scanning system was 

installed in the supply room. Nurses could use the scanning system to check out the 

medical supplies for the patients. The system would recode patients’ consumption of 

medical supplies and the billing system would charge each patient based on the records. 

Due to the new scanning system, nurses no longer needed to keep supplies’ barcode 

stickers on the clipboards outside patient rooms, and the billing service staff did not need 

to collect the recorded sheets regularly.  

 However, based on the observation, nurses indicated that they had no idea how to 

check out medical supplies for a particular patient via the scanning system in the supply 

room. The facility did not provide any relevant training for these tasks. Thus, after two 

months of implementing the new EHR system, nurses neither kept any supply barcode 

stickers nor used a scanning system to track a patient’s medical supply consumption 

history.  

 

 

 

 

 

 



 

176 
 

5.4.4 Tasks in the Empty Room 

With the new barcode scanning system for the medication administration process, 

most medication preparation tasks were performed in the patient’s room. Nurses only 

performed the clinical documentation tasks with the IT system in the empty room. With 

the new EHR system, Hospital C nurses spent less time in the empty room than before. 

In general, pharmacy technicians would restock medication carts at 8:00 am (the 

morning round of the medication administration also started at 8:00 am). In the past, the 

nurse usually put the medication cart in a vacant (empty) patient room for the medication 

preparation, and it was easy for the pharmacy staff to locate the cart. However, since the 

new EHR system was implemented, the nurse needed to carry the cart room by room to 

pass out the medications. Thus, the pharmacy staff spent more time relocating the correct 

cart on the floor. 
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5.5 Hierarchical Task Analysis for the Medication Administration Process with the 

New EHR System 

 By using the flowchart for the medication administration process, it is appropriate 

to show the overall logic of the work procedure via the big figure, but detailed sub-tasks 

embedded in a particular task could be skipped during the analysis. Thus, a similar 

methodology was used as described in Chapter Four. A hierarchical task analysis (HTA) 

was performed to depict a step-by-step workflow and to model the medication 

administration tasks in details, and Figure 5.2 shoes the HTA diagram. This HTA 

diagram engaged the medication administration tasks with a new clinical documentation 

and barcode system at Hospital C. In addition, a tabular HTA (see Table 5.1) was also 

used to summarize the observations while using the new EHR system at Hospital C. 
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5.6 Potential Errors or Problems in Medication Administration Process 
 This section discusses the errors occurred in the medication administration 

process before and after implementing the new EHR system. The comparisons could 

provide advantages and disadvantages of the new IT system for the healthcare facilities. 

In addition, the potential errors in the work procedures were also demonstrated for the 

improvement of the nature of the tasks. Figure 5.3 depicts the discussion topics regarding 

potential errors in medication administration process in this section. 

 

Figure 5.3 Venn diagram of potential errors in the medication administration process 
before and after implementing the new EHR system 
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5.6.1 Errors in the Medication Administration Process before Implementing EHR 

 Table 4.4 summarized the observed errors in the medication administration 

process before implementing EHR. The previous medication administration working 

procedures did not engage with the eMAR and barcode scanning system. Thus, the 

potential errors occurred before the new EHR system could be categorized into two 

groups: paper-based MAR related tasks and barcode related tasks. Table 5.2 shows the 

detailed potential errors in the tasks. 

 

Table 5.2 Potential errors in the medication administration process before implementing 
EHR 

Category Potential Errors and Problems 
Paper-based MAR 
related tasks 

• failure to locate the patient’s medication administration record 
(MAR) 
• failure to have the up-to-date MAR 
• paper-based MAR could reduce the legibility as they are 

folded or smudged 
• carrying paper-based MAR around could impact medication 

preparation tasks due to the limited working space 
• failure to initial the MAR after passing drugs to the patient 

Barcode related 
tasks 

• failure to recognize medication information (e.g., labels) 
visually 

• barcode stickers are missing 
• barcode stickers are damaged and hard to recognize 

 

 

 



 

191 
 

5.6.2 Errors Only in the Medication Administration Process after Implementing 

EHR 

 Table 5.3 summarizes observed errors after implementing the new EHR system. 

After new eMAR and barcode scanning system were installed, the potential errors in the 

medication administration process could be categorized into three groups: barcode 

scanning related tasks, IT system interface or operating issues, and unfamiliar or omitted 

procedures. Table 5.3 shows the detailed potential errors in each task category. 

 

Table 5.3 Potential errors in the medication administration process after implementing 
EHR 

Category Potential Errors and Problems 
Barcode scanning 
related tasks 

• scanning patient’s identification barcodes from wristband 
without checking patient’s cognitive status (e.g., without 
greeting with patients) 

• failure to scan old or smudged barcodes 
• possessing extra patients’ wristbands to avoid interacting 

with patients directly 
IT system 
interface or 
operating issues 

• texts and icons on the computer screen too small to read 
• mouse curser moving too fast to follow 
• the system provided sound feedback after scanning, 

however, it failed to identify the correct patient or 
medication information 

Unfamiliar or 
omitted 
procedures 

• staff do not know how to check out supplies with barcode 
scanning system 

• failure to return the remaining medication to the medication 
station after passing to the patient immediately 

• failure visually to confirm the information of patient, 
medication, or does on the screen 
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5.6.3 Fixed Errors after Implementing the New EHR System  

 After the facility implemented the new IT system, some observed errors were 

amended after using the new medication administration process. These errors were (1) 

preparing medications for more than one patient at a time; (2) making mistakes in the 

paper-based MAR related tasks; (3) failing to identify or confirm medications labels and 

doses visually; and (4) failing to collect barcode stickers from patients’ medical 

consumptions. 

 (1) Preparing medications for more than one patient at a time 

 The new system could avoid the error in preparing medications for more than one 

patient at a time. The only way to pull up a patient’s eMAR is to scan the particular 

patient’s wristband. Without doing this, the nurses could not obtain any medications 

information from the system. As he system could not accept more than one wristband 

being scanned, nurses could not prepare drugs for more than one patient at a time. 

 (2) Making mistakes in the paper-based MAR related tasks 

 As all the MARs were exchanged electronically in the new EHR system, errors 

associated with the paper-based MARs related tasks went unobserved in the new 

medication administration process. For example, the eMAR would provide the up-to-date 

patient medication information, and the patient’s medication information was exchanged 

electronically among units promptly. All patients’ MARs were in the new IT system and 

there was no need to search for a particular patient’s MAR on the floor. In addition, the 

eMARs also could prevent the MARs from being folded, crinkled, or smudged; thus, 

reducing the legibility of patients’ medication information.  Replacing the paper-based 
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MAR with an eMAR also had the advantage of preventing nurses from forgetting to 

initial the paper-based MAR or file the MARs in the patient’s folder after administering 

drugs. 

 (3) Failing to identify or confirm medications labels and doses visually 

 Before the barcode scanning system, nurses sometimes had difficulties identifying 

drug information as the text on the drugs packaging was too small or the ambient lighting 

was insufficient to read the labels. However, the new EHR system could assist nurses in 

identifying the types and doses of medications from scanning the barcodes on the 

medication packaging. 

(4) Failing to collect barcode stickers from patients’ medical consumptions 

Before implementing the barcode scanning system, nurses needed to collect all 

the barcode stickers for clinical practices to record the patient’s medical supplies 

consumption history. The facility billing staff would then charge the patient based on 

those barcode stickers. For barcode stickers collecting tasks, once nurses lost or damaged 

the stickers, a financial loss for the hospital occurred. With the new scanning system, 

nurses can scan the barcode immediately after providing a particular supply to the patient. 

Barcodes from the supply packaging have less chance of being lost or damaged in the 

new workflow with the new IT system. 
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5.6.4 Errors in the Medication Administration Process for both Pre- and Post- EHR 

System 

 Despite certain errors in the medication administration process being fixed by 

using the new EHR system, common errors were still observed in these two scenarios. 

The potential errors in both pre- and post- EHR system in the small rural healthcare 

facility could be grouped into five major categories: omitting procedures; unsafe 

procedures; errors in accessing medication, medical supplies, and tools; causes of 

interruptions; and others. Table 5.4 summarizes the observed errors in the medication 

administration process for both pre- and post-EHR implementation. 
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5.7 Other Potential Errors in the Medication Administration Process When Using 

EHR System  

 Several studies have reported rich findings regarding medication administration 

errors with the new IT system in healthcare settings (Anderson and Wittwer, 2011; 

Franklin, O’Grady, Donyai, Jacklin, and Barber, 2007; Larrabee and Brown, 2003; 

Meadows, 2002; Paoletti et al., 2007). However, these errors were not observed in the 

current study, and it perhaps is because rural and small-scale hospitals are the focus of the 

study. Thus, Table 5.5 summarizes other potential errors or problems in the medication 

administration. 
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Table 5.5 Summary of studies on potential errors or problems in the medication 
administration process while using EHR  

Potential Errors  
when using EHR 

Studied Settings Studies 

Staff experiences some IT 
technical problems; thus, 
leaves the current task 
(e.g., lost network 
connectivity or the 
computer system crashes). 

 Two academic hospitals           
(470 and 929 beds) 

(Koppel et al., 2008) 

Medical staff (e.g., nurses, 
pharmacists or physicians) 
are not trained well for the 
EHR system. They do not 
know how to retrieve 
appropriate information 
when facing certain 
scenarios (e.g., how to 
response to allergy 
notification) 

 Two academic hospitals           
(470 and 929 beds) 

(Koppel et al., 2008) 

 One academic hospital (Horsky et al., 2005) 

 Three chronic clinics (Unertl et al., 2009) 
 Simulations in a laboratory (Patterson et al., 2004) 

When partial dose drug is 
administrated, the system 
does not recognize 
accordingly. Instead, the 
system records a complete 
dose of the drug 

 Two academic hospitals  
(470 and 929 beds) 

(Koppel et al., 2008) 

Medication identifying 
numbers (barcode 
numbers) have not yet 
been categorized in the IT 
system. Thus, the nurse 
needs to override the 
records manually when a 
particular drug is 
administered 

 Two academic hospitals  
(470 and 929 beds) 

(Koppel et al., 2008) 

 Pediatric Oncology 
Department in an academic 
medical center 

(Kim et al., 2006) 

 Simulations in a laboratory (Patterson et al., 2004) 

Barcode scanning task 
may slow the medication 
administration process 
during emergency 

 Two academic hospitals  
(470 and 929 beds) 

(Koppel et al., 2008) 

 

 



 

198 
 

Table 5.5 Summary of studies on potential errors or problems in the medication 
administration process while using EHR (continued) 

Potential Errors  
when using EHR 

Studied Settings Studies 

Medication was 
administered to the patient 
without scanning the 
patient’s wristband or the 
wristband was scanned 
afterward 

 One academic hospital 
 (472 beds) 

(Carayon et al., 2007) 

Failure to document 
administration of the 
medication or documented 
them incorrectly 

 One academic hospital 
 (472 beds) 

(Carayon et al., 2007) 

Interruptions occur due to 
the patient or patient’s 
family asking questions 
during medication 
administration tasks 

 One academic hospital 
 (472 beds) 

(Carayon et al., 2007) 

The medication room or 
supply room are messy or 
disorganized 

 One academic hospital 
(472 beds) 

(Carayon et al., 2007) 

 One VA hospital and one 
academic hospital 

(Fraind et al., 2002) 

Idled or reduced 
productivity while the nurse 
is waiting for tools or 
equipment 

 One academic hospital 
(472 beds) 

(Carayon et al., 2007) 

 Simulations in a laboratory (Patterson et al., 2004) 

Computer screen needs 
alignment or has inadequate 
contrast 

 One academic hospital 
(472 beds) 

(Carayon et al., 2007) 

Dramatic increase in the 
amount of time spent on the 
computer entry 

 One family medicine 
residency clinic 

(Carayon et al., 2009)  

 Fifteen chronic disease care 
clinics 

(Unertl et al., 2009) 

Unexpected hardware 
downtimes, resulting in 
disruptions 

 Simulations in a laboratory (Patterson et al., 2004) 

EHR impacts the patient-
provider relationships due to 
less interactions to the 
patient or difficulty focusing 
on patient communication 

 One academic medical 
center 

(Makoul et al., 2001)  

 Four primary care offices (Ventres et al., 2006) 
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5.8 Discussion and Recommendations for EHR system Implemented at Rural 

Hospitals 

5.8.1 Work System Model in Healthcare  

Based on the observation of the medication administration process in a rural, 

small-scale hospital, a series of recommendations to implement EHR system were 

developed. A work system model was used to demonstrate the taxonomy of those 

recommendations. Smith and Carayon developed the work system model in 1989, and 

they defined that individuals usually perform tasks using some tools or technologies in 

physical working environments under organizational conditions (Smith and Carayon-

Sainfort, 1989; Carayon and Smith, 2000; Carayon et al., 2006; Carayon, et al., 2007; 

Carayon, et al., 2009). Figure 5.4 shows the relationships of elements in the work system 

model.  

 

Figure 5.4 Model of work system (Carayon, 2011; Carayon and Smith, 2000; Smith and 
Carayon-Sainfort, 1989) 

Technology Organization

Tasks Environment

People
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 Based on the work system model in the healthcare system, people are located in 

the center of the model. They can be patients, patient’s family, physicians, nurses, 

pharmacists, therapists, or any other medical staff affiliated with healthcare settings. In 

addition, the category of people not only includes members involving the clinic activities, 

but it also covers the characteristics of those people. For example, staff’s knowledge, 

experiences, and physical abilities can also be categorized into the people category. 

The task in the work system model includes all interactions between the work and 

anything associated with it to achieve a specific goal. In medical practices, it refers to the 

clinical activities and caring procedures. The technologies or tools indicate various 

artifacts to achieve the task. This tool can be as simple as a pen or a piece of paper or it 

can be an advanced technology. For example, the EHR system is one IT tool for 

documenting clinical activities, and it assists medical staff in exchanging patient 

information promptly and securely. 

The environmental factors in the work system model include physical 

characteristics in a working area and its layouts, such as temperature, humidity, airflow, 

noise, or lighting. All these factors could have impact on the performance of the workers 

in a working place. The last element of the work system model is organizational factors. 

They refer to the characters in the work system associated with work schedules, 

communication, collaboration, training, organizational policy and cultures. 
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5.8.2 Recommendations for EHR system in the Rural Hospitals 

The observational data of potential errors in the medication administration process 

while using EHR system were reviewed and analyzed carefully. The recommendations 

for implementing the EHR system at rural healthcare facilities were categorized into five 

elements in the work system model and are shown in Table 5.6.  
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5.8.2.1 Recommendations in the People Category 

Recommendations 1 and 2 in the people category in Table 5.6 focused on 

preventing interruptions happening during the tasks. Nurses generally provide more 

detailed information about medications, and it could prevent the chance of interruptions 

or questions from patient or patient’s family while passing medicine. In addition, 

Recommendation 2 indicated that staff needing help from others should avoid seeking 

staff who are already engaged with other tasks. It would reduce the interruptions to other 

personnel. 
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5.8.2.2 Recommendations in the Task Category 

For the task category, three recommendations were developed. Recommendation 

3 included that the facility should set a series of clear, standardized working procedures, 

and that all staff should follow them. Four sub-tasks were observed in the medication 

administration process without a clear working procedure, and staff usually misconducted 

or omitted those tasks. First, nurses were observed not sanitizing their hands while 

preparing medications for the patient and this could harm the patient and themselves. 

Second, nurses passed medications to patients without checking patient’s physical or 

cognitive status in advance. Sometimes, patients cannot take medicine if certain physical 

or cognitive statuses are not ready. For example, diabetic patients need to have a blood 

sugar test before meals or administering insulin. Third, some nurses omitted to confirm 

that the patient has applied the medications properly. For example, it is easy for small 

pills to slip from a patient’s palm without noticing. Elderly patients or patients with 

impaired physical abilities need more attention when they are taking the medications. 

Fourth, the facility should set clear working procedures if the patient is not ready for 

his/her medications. Clear guidelines are preferred to indicate where to store those 

prepared medications and when to revisit (re-evaluate) the patient if he/she is finally 

ready for medications. 

Recommendation 4 associated to the task category suggested that staff needs to 

confirm a patient’s identification or medication information visually, and that they should 

not rely solely on the IT system (barcode scanning system). It had been observed that the 

scanning system sometimes provided audio feedback when the barcodes were scanned; 
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however, the system did not read barcoded information completely or correctly. Thus, it 

is important that nurses visually confirm whether the system can pull up the “scanned” 

information correctly. 

The last recommendation, Recommendation 5, in the category of task suggested 

that staff should develop the good habit of returning, tools, equipment, remaining 

medications, or keys for the controlled medication cabinet immediately after finishing the 

tasks. This not only prevents other staff from searching for those items on the floor, but it 

also prevents stopping the required tasks when staff have to wait for the available medical 

tools or equipment. 
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5.8.2.3 Recommendations in the Tools Category 

 There are seven recommendations in the tool category when using the EHR 

system for the medication administration process. Recommendation 6 is the first 

recommendation in this category: Changing patient’s barcoded wristband regularly to 

prevent invalid scanning. Barcoded wristbands are easily smudged and thus, it potentially 

reduces the legibility from the scanner. Periodically replacing the patient’s wristband is a 

solution to increase the successful rate of the scanning tasks to verify patients’ 

identifications. 

 In addition, Recommendation 7 suggested that some medications have small or 

damaged barcodes on the packaging and that this could cause frequent unsuccessful 

scanning tasks. Thus, it would be appreciated if the pharmacy could provide extra, 

clearer, and bigger barcodes with certain medications. Pharmacy staff could print out the 

legible barcodes on a piece of paper and attach the paper to the medication with the 

rubber band, or they could group the drug and the printout barcode in a plastic bag 

together. 

 Recommendations 8 and 9 were related to computer system operating issues. 

Some nurses said that they had difficulty in reading the EHR information on the 

computer screen. Some complained that the texts and icons in the EHR system were too 

small to read. Thus, they suggested whether it was possible to adjust the screen resolution 

to fit their visual abilities and preferences better. In addition, some nurses were observed 

having difficulties tracking (locating) the mouse cursor on the screen as the movement of 
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the mouse was too sensitive. Thus, it is suggested that the EHR system provides an easy 

adjustable mouse movement feature for the system. 

 The current barcode scanning system provides an audio feedback (a short beep 

sound) when barcodes are scanned. However, the system makes an identical beep sound 

whether the barcodes are read correctly or not. The identical audio feedback easily 

confuses the nurses about successful scanning tasks. Thus, Recommendation 10 

suggested that the barcode scanning system should provide distinguish (either visual or 

audio) feedback to inform users that the scanning task was accomplished successfully. 

 It was observed that nurses frequently looked for the correct tools for medication 

preparation. Thus, Recommendation 11 suggested that if nurses could carry some tools 

with them around, it would reduce transportation time in looking for the tools. For 

example, each nurse would possess a pill crasher, a pair of scissors, or some syringes, and 

store them in the medication cart for convenience. 

The last recommendation in the tool category is Recommendation 12 and it 

suggests that the medication cart is less bulky for moving around. It had been observed 

that the big and heavy medical cart is difficult to move into a patient’s room or that it 

crashed into objects (e.g., patient’s bed) sometimes. 
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5.8.2.4 Recommendations in the Environment Category 

 There are three recommendations regarding the environmental factors while using 

the EHR system. Recommendation 13 suggested that sufficient lighting is important for 

nurses to prepare the medications. For example, nurses need sufficient lighting to 

measure up and prepare the solutions for injections precisely. 

 Recommendation 14 suggested that the working platform on the medication cart 

should be organized and wider for better medication preparation. Since patients might 

need different medications at a time, a wider working space for the medication 

preparation is preferred. 

 Many nurses reported that they preferred to perform patients’ charting 

(documentation tasks) in a quiet and private working area. In addition, the nurse stations 

in the rural healthcare facilities are usually relatively small and crowed with other staff; 

thus, nurses have limited working space for the documentation task. Thus, 

Recommendation 15 suggested that a quiet and private working area could prevent nurses 

from being interrupted.  

 

 

 

 

 

 



 

209 
 

5.8.2.5 Recommendations in the Organization Category 

 There are five recommendations in the organization category when using the EHR 

system during the medication administration process. The first organizational 

recommendation, Recommendation 16, is that facility should execute the safety 

procedures firmly. Two unsafe events were observed in the study. The first one was that 

nurses leave the medication preparation site temporarily (e.g., to find another nurse or 

tools) without locking up the medication drawer or station securely, or they left the 

cabinet or drawer opened; thus, the medications could be contaminated or missed. 

Second, some medical supplies were located in an inappropriate location. For example, 

IV bags were stored in the utility room with cleaning detergents. 

 It was observed frequently that nurses had difficulties obtaining the medications 

or medical supplies on time and on demand due to the shortage of inventory. Thus, 

Recommendation 17 suggested that the management should set up an inventory schedule 

to restock medications and supplies to prevent patients not taking their medicine off 

schedule. For example, if the medication schedule for the patient is at 9:00 am, the 

pharmacy staff should restock the medications for this particular patient in advance. 

However, in fact, the main reason causing the delays of medications from the pharmacy 

is that hospital in the rural area usually did not have a 24-hour pharmacy. Thus, if a 

physician order drugs after the pharmacy’s working hour (5:00 pm to 8:00 am in next 

day), those drug could not be prepared and delivered on time for the morning medication 

administration. 
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 It was observed that nurses had no problem checking out medications (scanning 

medication barcodes) by using the computer on the medication cart, but that they had 

problems checking out medications or supplies using other computers. Thus, 

Recommendation 18 suggested that a training session is needed to let nurses know how to 

check out barcoded items from unfamiliar computers or sites. For example, it was 

observed that nurses did not know how to check out a barcoded tube from the computer 

in the supply room. 

 The EHR system helps communication and collaboration among units (e.g., 

exchanging patients’ MARs electronically), but the IT system could not solve certain 

problems. Thus, Recommendation 19 suggested, “Communication and collaboration 

among departments should be available and freely.” This recommendation could provide 

a solution for the following scenario. For example, a particular drug is not in the 

medication cart for passing to the patient, but it still shows on the eMAR. Thus, the nurse 

has to call the pharmacy and ask for the medications. However, the pharmacy did not 

have any of this type of drug in stock, and nobody knows how it happened. Two hours 

after the medication schedule, the patient’s brother brought that particular drug from 

home and the patient took it.  

Such communication breakdown is because the physician asked the patient’s 

family to bring the remaining medication from home but he had prescribed the order on 

the eMAR one day previously. However, the pharmacist from the previous day did not 

pass the information to the next pharmacist. The physicians and the first pharmacist failed 

to provide the medication status to the nurses on the floor with any communication 
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modality. In the past, while working under paper-based MAR procedure, medical staff 

could make notes on the paper-based MAR to communicate each other and to coordinate 

the task easily. However, the flexibility of communication among medical staff via using 

the IT system was observed to be more limited once the EHR system had been 

implemented. 

 The last recommendation suggested that communication within a unit should be 

easy and prompt. It had been observed that nurses required authorized managers to 

override the patient information in the EHR system or to find a missing drug on the floor. 

However, nurses could not reach the mangers easily and promptly. It could prevent the 

patient from having the medications or receiving the care on time.  
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5.8.3 Study Limitations 

This study also had several limitations. First, the data reported in this study were 

only based on small rural hospitals, and it is inappropriate to apply all the findings to 

generalized healthcare facilities. Due to the context-appropriate medication 

administration workflow based on the study sites, the implementation recommendations 

are not expected to apply to other hospitals with the same EHR system in all situations.   

In addition, the observation data for the pre-EHR system were collected from 

Hospital A and C, but the data for post-EHR system were only collected from Hospital C, 

as Hospital C implemented the new IT system during our research schedule. The data of 

comparisons of the workflow evolution from pre- and post-EHR system were not from 

the same facility, and it could introduce a variability of the pre- and post-EHR 

comparisons. Thus, during the data analysis phase, the medication administration process 

was modeled (described) based on common task steps between the two facilities to 

reduce the impacts of cohort variables. 

Regarding to data collection methods, one human factors engineering graduate 

student trained in observation and interview techniques collected all study data. There 

was lack of clinical professionals to provide knowledge during the data collection phase. 

Thus, the facility IT managers and corresponding nursing managers reviewed and 

verified all the observation and focus groups data to reduce potential observer bias. 

 Regarding the issue of the observation timing, the observations were only 

conducted during the morning shifts, and the observation timing may impact the 

frequency of interactions with other staff from various units. For example, the morning 
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medication administration started at 9:00 am and it was the same schedule for the 

pharmacy technicians to restock medication carts. Thus, higher frequent interruptions 

from pharmacy staff were observed while nursing were preparing medications in the 

morning. Despite thus, it was good to consider all potential problems in the clinical 

practices, but certain problems may not occur in other medication administration 

schedules.  

 Regarding the 20 recommendations, none of these recommendations have been 

tested or evaluated for effectiveness in preventing errors or problems during the 

medication administration process at rural healthcare facilities. These recommendations 

may not guarantee the improvement of all dimensions of a patient’s quality of life. Some 

recommendations might cause unexpected procedures, events, or new errors. Further 

investigation is required to continue to monitor the evolution of the workflow in the 

medication administration process. Recommendations for implementing the EHR system 

should be evaluated at other facilities with a larger sample size to verify the effect and 

efficacy of the recommendations. 
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5.9 Conclusion 

This study presented a detailed workflow analysis when using the EHR system for 

the medication administration process at rural healthcare facilities. Qualitative 

observations and focus groups data provided step-by-step procedures for passing out 

medications when using the IT system. Each task associated with the medication 

administration process was examined carefully, and potential errors and problems 

identified. This study compared the potential errors in the medication administration 

process before and after implementing the EHR system to demonstrate its impacts for 

healthcare practices.  

The results showed that the IT system indeed changed the workflow for passing 

out medications at the rural hospitals. Those changes were not only caused by the new IT 

system, but also by interactions with other factors, such as organizational culture, 

training, or the ambiguous new procedure. Thus, 20 recommendations in the five-

category work system model were suggested to eliminate the potential problems in the 

process.  

Small-scale healthcare facilities in the rural area with limited resources required 

more attention to ensure that the IT system supports the clinical practices. Other factors 

in the work system should be considered comprehensively to redesign current working 

procedures. Continuous improvement and examination of the workflow with the IT 

system are essential to optimize the medication administration process, and this ensures 

the efficiency of clinical works and patients’ safety. This study provided a framework to 
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describe a clinical procedure using system-engineering tools, and it developed a series of 

interventions for improvement. 
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CHAPTER SIX 

CONCLUSIONS AND FUTURE WORK 

The clinical practice workflow at rural healthcare facilities evolves due to the 

implementation of new IT system (e.g., EHR). First, a survey was administered to rural 

hospitals to investigate the computer competency of healthcare personnel. This study 

provided a clear roadmap of how to assist small-scale rural hospitals in evaluating 

healthcare personnel’s computer skills. The results suggested appropriate IT support and 

training for new EHR systems are required (Huang, Garrett, Taaffe, and Gramopadhye, 

2012). 

 Achieving meaningful use of EHR is an important issue of the EHR adoption for 

healthcare facilities. To explore the root causes of the obstacles for meaningful use of 

EHR during clinical practices, a series of field studies and group interviews were 

conducted to better understand current medication administration workflow at rural 

hospitals. Qualitative data were used to identify misconduct and violation of work 

standards, and to generate the best medication administration practices before 

implementing EHR system. After implementing the new EHR system at rural healthcare 

facilities, a second round of observational study was conducted to demonstrate the 

potential impacts of workflow alternations while using EHR system for clinical practices.  

Twenty recommendations of implementing EHR system regarding environment, 

organization, tasks, tools and person aspects were established to identify and improve 

information technology specifications. Several factors that should be included for the 

development of EHR implementation guidelines, specifically on the aspect of the 
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medication administration process at small-scale rural hospitals. Based on these 

recommendations, facilities can retain the sustainability by improving their clinical 

practices. 

Health information technology (HIT) has been reported with a dramatically 

effects on improving the efficiency and safety of clinical practices (Huang, Madathil, 

Koikkara, and Gramopadhye, 2012). In addition, due to the trends of healthcare has 

shifted from an institution-style approach to a more patient-centered one (Huang and 

Garrett, 2012). HIT also plays an important role in the communication and collaboration 

within healthcare settings with an innovative operation style. Thus, the future study 

should focus on the applications of IT systems for patient-centered healthcare model, 

such as healthcare facilities with home-like atmosphere. This study will facilitate 

collaborative clinical communication and task sharing via the meaningful use of health IT 

systems. 

Figure 6.1 summarize several research topics covered in this study and other 

previous healthcare related studies have been tackled by the author. The figure also 

presents the potential future works regarding the applications of HIT in healthcare 

practices in two dimensions. The x-axis indicates the patient-care style from the 

institutional care to patient-centered semi-institutional one, and then to the home-care 

approach. The y-axis indicated the extent of IT involved to the clinical activities from a 

low to high intensity. 



 

223 
 

 
Figure 6.1 Research topics in progress and for future proposed studies 

 
The first phase of this study presented a clear roadmap of how to assist small-

scale rural hospitals in evaluating healthcare personnel’s computer skills, and the results 

suggests appropriate IT support and training for new EHR systems (Huang, Garrett, et 

al., 2012). It is presented as a green dot in the Figure 6.1. The second phase of this study 

provided a series of recommendations for rural healthcare facilities based on carefully 
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investigations of the medication administration process with pre- and post-EHR 

implementation. This section of study is present as a red dot in Figure 6.1.  

The yellow dot in Figure 6.1 indicates the study was conducted in an academic 

hospital regarding IT artifacts (iPads) replaced the paper-based registration and 

consenting processes during patients are checking in to the hospital or surgery. 

Ergonomic evaluation and time study were conducted to acquire qualitative and 

quantitative data to provide the usability guidelines to better establish a new 

informational artifact system at a healthcare institution (Huang, Madathil, et al., 2012). 

The orange dot in Figure 6.1 indicates a study focusing on the investigation of 

inter-staff communication characteristics and patterns in an innovative resident-centered 

long-term care facility (Huang and Garrett, 2012). This study revealed details on how the 

communication quality could be achieved by using different modalities, and the study 

helps explain why there are significant differences between choices of communication 

modes for different care providers. 

Two future research plans are also presented in Figure 6.1, which are donated as 

blue dots. First, the cultural evolution in long-term care facilities has been observed, and 

the results show that the IT bridges and enhances the collaboration and coordination of 

the clinical tasks. The first proposed study focuses on the integration of how to design 

and provide meaningful uses of IT systems with a patient-centered care model. The 

results of the study will facilitate collaborative clinical communication and task sharing 

via the meaningful use of health IT systems. 
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The second proposed study focuses on a long distance healthcare system model – 

telemedicine or home care. Safe and effective clinical communication can be achieved by 

using reliable IT systems to ensure the quality of care. It is aimed to improve patient’s 

quality of life when “cares” are delivered remotely from medical professionals and when 

“cares” are received promptly at patients’ homes. 

The broader vision for the study is that it will culminate in synergistic activities 

between EHR system design and clinical interventions aimed at the breakthrough of 

effective healthcare delivery. Thus, this research will make important contributions to 

improvements of quality of care to society as a whole. 
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Appendix A Healthcare Personnel Computer Use and Skill Survey 

This survey has been developed to learn how comfortable the hospital’s staff is 
with computers, in preparation for the future implementation of electronic 
medical records.  Additionally, this survey will assess the staff’s computer skills 
to learn where additional training or assistance may be needed.   

Your input is very valuable to the hospital to determine what specific areas the 
training should focus on.  This survey should take less than 15 minutes to fill out 
and upon completion it should be returned to XXX. Please return the survey 
before XXXX, 2011. 

Participation in this survey is completely voluntary and will have no effect on 
your employment should you choose not to participate.  However, high staff 
participation will increase the value of the survey results to the hospital’s future 
planning.  

We thank you in advance for your time and assistance. 

 

1. Name: ___________________________________      

2. Gender: 1     Male  2      Female     

3. Age: _______  

4. Please indicate your ethnic background: 
1 African American  
2 Asian 
3 Caucasian  
4 Hispanic; Latino 
5 Native American  
6 Other ____________________ 
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5. What is your highest level of education?  
1 Some High School  
2 High School Diploma/GED 
3 Associates Degree  
4Bachelors Degree 
5 Masters/ Professional Degree 
6 Doctoral Degree 
7 Other ____________________ 

6. What is your position at the facility? (e.g., MD, RN, LPN, etc.)  
______________________________________ 

7. Which unit or department do you work for? (e.g., ED, Med/Surg)  
___________________________________    

8. Please indicate your work schedule: 
1 Full Time                    
2 Part Time, _________ hours per week 

9.	How many years have you worked in healthcare? ________  

10. How many years have you worked at this facility? ________  
 
11. Is using a computer a regular part of your current job? 
1 Yes 
2 No 

  
 

12. As part of your job, do you use any form of an Electronic Medical 
Record? (If yes, check all that apply)  
1 Yes 
2 No 
  
3 Electronic documentation (clinical documentation) 
4 Computer provider order entry (CPOE) 
5 Electronic Medication Administration Record (eMAR) 
6 Medication verification (e.g. bar code scanning) 
7 Incorporate clinical lab test results into EHR 
8 Quality report generation (query) 
9 Other:  _____________ 
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13. How often do you use a computer?  
1 Never 
2 Rarely 
3 Several times a month 
4 Once a week 
5 Few times a week 
6 Everyday 
 
14. How many hours a week do you use a computer? (both at work and 
at home) 
1 Never 
2 1 – 5 
3 6 – 10 
4 10 – 20 
5 More than 20 
 
15. How many years you have been using a computers? 
1 Never 
2 Less than 1 
3 1 to 3 
4 4 to 9 
5 More than 9 

16. I know how to perform the following tasks:  

 Strongly 
Disagree 

Disagree Neutral Agree 
Strongly 

Agree 
      

Safely turn the computer on/off  1 2 3 4 5 

Switch between open windows 1 2 3 4 5 

Copy, cut and paste text 1 2 3 4 5 

Save files to a particular folder 1 2 3 4 5 

Rename the existing file 1 2 3 4 5 
Move an existing file to another 

location
1 2 3 4 5 

Create tables, charts or graphs 1 2 3 4 5 
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17. I know how to do the following:  

 Strongly 
Disagree 

Disagree Neutral Agree 
Strongly 

Agree 
      

Add a printer 1 2 3 4 5 
Install software on a personal 

computer 
1 2 3 4 5 

Find specific information on 
the web 

1 2 3 4 5 

Send an email to more than one 
person 

1 2 3 4 5 

Attach files to an email 
message 

1 2 3 4 5 

 

18. I know how to troubleshoot the following situations: 

 Strongly 
Disagree 

Disagree Neutral Agree 
Strongly 

Agree 
      

Laptop loses the wireless 
connection 

1 2 3 4 5 

Redirect to a printer other than 
the default 

1 2 3 4 5 

Find a deleted file on a 
computer 

1 2 3 4 5 

The computer freezes 1 2 3 4 5 
Recover lost data after a 

computer crashes 
1 2 3 4 5 

Navigate between windows 
without a mouse  

1 2 3 4 5 
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19.  Please indicate how much you agree or disagree with the following statements:  

 Strongly 
Disagree 

Disagree Neutral Agree 
Strongly 

Agree 
      

I am comfortable using 
computers 

1 2 3 4 5 

I am good with computers 1 2 3 4 5 
I would enjoy learning more 

about computers 
1 2 3 4 5 

 
20. Do you have any additional concerns regarding computer use?  
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

_______________________________________________________________________ 
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Thank you for completing this survey for the hospital’s future EHR implementation 
planning. 
In addition to the goals of the hospital, Clemson University researchers would like to use 
this information to better gauge the computer skills and the comfort with information 
technology of hospital staff across South Carolina.  For the purposes of this research, this 
same survey is being distributed to hospitals throughout South Carolina and the results 
will be analyzed at this larger group level.  All results will be compiled in aggregate and 
no individual respondents will be identified. 
 
If you consent to let the research team use your responses for the purpose of this 
broader research project, please check the box below. 

 
 

Yes, I consent to let my responses be included in 
this research. 

 
 
 

 
If you have any questions or concerns about this study, please contact: 
Dr. Sandra Garrett, Clemson University, (864) 656-3114, garrett@clemson.edu.   

If you have any questions or concerns about your rights as a research participant, please 
contact the Clemson University Office of Research Compliance at (864) 656-6460. 

We thank you in advance for your time and cooperation. 
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Appendix B Detail Results of Survey regarding Staff Computer Skills at Hospital A 

 
2. Gender 

 Percent Frequency 
Male 3.6% 1
Female 96.4% 27

 
 
 
3. Age 
    Percent Frequency 
Mean 35.5  < 25 19.2% 5 
SD 10.59  26-30 19.2% 5 
   31-35 19.2% 5 
   36-40 15.4% 4 
   41-45 7.7% 2 
   46-50 11.5% 3 
   51-55 0.0% 0 
   56-60 3.8% 1 
   > 60 3.8% 1 
    answered 26 
    skipped 2 

 
 
 
4. Please indicate your ethnic background: 

 Percent Frequency 
Caucasian 100% 28
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5. What is your highest level of education? 
 Percent Frequency 

High School Diploma/GED 10.7% 3
Associates Degree 60.7% 17
Bachelors Degree 17.9% 5
Masters/ Professional 
Degree 

3.6% 1

Other 7.1% 2
 
 
 
6. What is your position at the facility? 

 Percent Frequency 
CNA 17.9% 5
RN 82.1% 23

 
 
 
7. Which unit or department do you work for? 

 Percent Frequency 
2 South 17.9% 5
3 West 25.0% 7
ED 3.6% 1
Labor, Delivery and Nursery 39.3% 11
Nursing Administration 14.3% 4

 
 
 
8. Please indicate your work schedule: 

 Percent Frequency 
Full Time 89.3% 25
Part Time 10.7% 3
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9. How many years have you worked in healthcare? 
 Percent Frequency 

< 1 year 7.1% 2
1-5 years 28.6% 8
6-10 years 21.4% 6
11-15 years 10.7% 3
16-20 years 28.6% 8
21-25 years 3.6% 1
> 25 years 0.0% 0

 
 
 
10. How many years have you worked at this facility? 

 Percent Frequency 
< 1 year 17.9% 5
1-5 years 39.3% 11
6-10 years 25.0% 7
11-15 years 14.3% 4
16-20 years 3.6% 1
21-25 years 0.0% 0
> 25 years 0.0% 0

 
 
 
11. Is using a computer a regular part of your current job? 

 Percent Frequency 
Yes 100% 28
No 0 0

 
 
 
12. As part of your job, do you use any form of an Electronic Medical Records? 

 Percent Frequency 
Yes 89.3% 25 
No 10.7% 3 
Electronic documentation 78.6% 22 
Computer provider order entry 53.6% 15 
Electronic Medication Administration Record 21.4% 6 
Medication verification 3.6% 1 
Incorporate clinical lab test results into EHR 25.0% 7 
Quality report generation 3.6% 1 
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13. How often do you use a computer? 
 Percent Frequency 

Never 0% 0
Rarely 0% 0
Several times a month 0% 0
Once a week 0% 0
Few times a week 7.1% 2
Everyday 92.9% 26

 
 
 
14. How many hours a week do you use a computer? 

 Percent Frequency 
Never 0% 0
1-5 21.4% 6
6-10 14.3% 4
10-20 21.4% 6
More than 20 42.9% 12

 
 
 
15. How many years you have been using a computers? 
 Percent Frequen

cy 
Never 0.0% 0
Less than 1 0.0% 0
1-3 0.0% 0
4-9 25.0% 7
More than 9 75.0% 21
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16. I know how to perform the following tasks: (basic skills) 

 
 
 
17. I know how to do the following: (advanced skills) 
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Add a printer 0% 11.1% 18.5% 37.0% 33.3% 1 
Install software on a personal 
computer 

0% 18.5% 18.5% 33.3% 29.6% 1 

Find specific information on 
the web 

0% 0% 7.4% 25.9% 66.7% 1 

Send an email to more than one 
person 

0% 3.7% 3.7% 29.6% 63.0% 1 

Attach files to an email 
message 

0% 11.1% 11.1% 29.6% 18.1% 1 
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Safely turn the computer on/off  0% 0% 0% 17.9% 82.1% 0 
Switch between open windows  0% 0% 3.7% 29.6% 66.7% 1 
Copy, cut and paste text 0% 3.7% 7.4% 25.9% 63.0% 1 
Save files to a particular folder 0% 3.7% 11.1% 33.3% 51.9% 1 
Rename the existing file 0% 7.4% 14.8% 18.5% 59.3% 1 
Move an existing file to another 
location 

0% 11.1% 22.2% 22.2% 44.4% 1 

Create tables, charts or graphs 7% 22.2% 22.2% 18.5% 29.6% 1 
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18. I know how to troubleshoot the following situations: (Troubleshoot) 
 

 
 
 
19. Please indicate how much you agree or disagree with the following statements: 
 

 
 
 
20. Do you have any additional concerns regarding computer use? 
No comments 
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Laptop loses the wireless 
connection 

0% 22.2% 29.6% 25.9% 22.2% 1 

Redirect to a printer other 
than the default 

0% 11.1% 29.6% 29.6% 29.6% 1 

Find a deleted file on a 
computer 

11.1% 33.3% 25.9% 18.5% 11.1% 1 

The computer freezes 0% 14.8% 29.6% 25.9% 29.6% 1 
Recover lost data after a 
computer crashes 

33.3% 33.3% 22.2% 11.1% 0% 1 

Navigate between windows 
without a mouse  

0% 40.7% 25.9% 18.5% 14.8% 1 
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I am comfortable using 
computers 

0% 0% 28.6% 21.4% 50.0% 0 

I am good with computers 0% 7.4% 37.0% 18.5% 37.0% 1 
I would enjoy learning more 
about computers 

0% 0% 14.3% 32.1% 53.6% 0 
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Appendix C Detail Results of Survey regarding Staff Computer Skills at Hospital B 

 
 

2. Gender 
 Percent Frequency 

Male 19.2% 23
Female 80.2% 97

 
 
 
3. Age 

  Percent Frequency  
< 25 1.8% 2 Mean 45.53 
26-30 7.2% 8 SD 11.26 
31-35 13.5% 15  
36-40 12.6% 14  
41-45 16.2% 18  
46-50 14.4% 16  
51-55 14.4% 16  
56-60 9.9% 11  
> 60 9.9% 11  

 answered 111  
 skipped 10  

 
 
 
4. Please indicate your ethnic background: 

 Percent Frequency 
African American 34.5% 41
Caucasian 60.5% 72
Hispanic; Latino 0.8% 1
Other 4.2% 5
 answered 119

 skipped 2
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5. What is your highest level of education? 
  Percent Frequency 

Some High School 0.8% 1
High School Diploma/GED 25.0% 30
Associates Degree 35.0% 42
Bachelors Degree 12.5% 15
Masters/ Professional 
Degree 

0.8% 1

Doctoral Degree 2.5% 3
Other 5.8% 7

 answered 120
 skipped 1

 
 
 
6. What is your position at the facility? 

 Percent Frequency 
RN 17.9% 21
Manager 13.7% 16
Therapist 11.1% 13
Radiologist 10.3% 12
CNA 8.5% 10
Financial Staff 6.8% 8
HIM Staff 6.0% 7
Office Staff 5.1% 6
MLT 4.3% 5
PA Representative 4.3% 5
LPN 2.6% 3
IT Staff 1.7% 2
Pharmacist 1.7% 2
MD/NP 0.9% 1
Other 5.1% 6

 answered 117
 skipped 4
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7. Which unit or department do you work for? 
 Percent Frequency 

Med/Surg 11.0% 13
Radiology 10.2% 12
Rehab/Respiratory 10.2% 12
ED 9.3% 11
HIM/IT 8.5% 10
Home Health/ Diabetes Center 8.5% 10
Fiscal Service 6.8% 8
Patient Access 6.8% 8
Administration 5.9% 7
Lab 5.9% 7
Pharmacy/ Social Work 4.2% 5
Other 12.7% 15

 answered 118
 skipped 3

 
 
 
8. Please indicate your work schedule: 

 Percent Frequency 
Full Time 70.2% 85
Part Time 29.8% 36

 
 
 
9. How many years have you worked in healthcare? 

 Percent Frequency 
< 1 year 0.8% 1
1-5 years 14.3% 17
6-10 years 21.8% 26
11-15 years 17.6% 21
16-20 years 14.3% 17
21-25 years 14.3% 17
> 25 years 16.8% 20

 answered 119
 skipped 2
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10. How many years have you worked at this facility? 
 Percent Frequency 

< 1 year 11.6% 14
1-5 years 44.6% 54
6-10 years 20.7% 25
11-15 years 9.1% 11
16-20 years 5.8% 7
21-25 years 5.8% 7
> 25 years 2.5% 3

 
 
 
11. Is using a computer a regular part of your current job? 

 Percent Frequency 
Yes 95.8% 115
No 4.2% 5

 answered 120
 skipped 1

 
 
 
12. As part of your job, do you use any form of an Electronic Medical Records? 

 Percent Frequency 
Yes 62.9% 73 
No 37.1% 43 
Other 12.3% 9 
Medication verification 4.1% 3 
Quality report generation 12.3% 9 
Electronic Medication Administration Record 13.7% 10 
Incorporate clinical lab test results into EHR 19.2% 14 
Computer provider order entry 38.4% 28 
Electronic documentation 74.0% 54 

answered 116 
skipped 5 
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13. How often do you use a computer? 
 Percent Frequency 

Never 0% 0
Rarely 4.1% 5
Several times a month 0% 0
Once a week 0.8% 1
Few times a week 5.0% 6
Everyday 90.1% 109

 
 
 
14. How many hours a week do you use a computer? 

 Percent Frequency 
Never 1.7% 2
1-5 14.4% 17
6-10 15.3% 18
10-20 16.1% 19
More than 20 52.5% 62

 answered 118
 skipped 3

 
 
 
15. How many years you have been using a computers? 
 Percent Frequency 
Never 0.0% 0
Less than 1 1.7% 2
1-3 5.0% 6
4-9 9.2% 11
More than 9 84.0% 100

 answered 119
 skipped 2
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16. I know how to perform the following tasks: (basic skills) 
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Safely turn the computer 
on/off   

2.5% 0.8% 0.8% 14.0% 81.8% 0 

Switch between open 
windows  

1.7% 1.7% 5.0% 15.1% 76.5% 2 

Copy, cut and paste text 5.0% 6.7% 7.5% 15.0% 65.8% 1 
Save files to a particular 
folder 

6.7% 5.0% 9.2% 15.8% 63.3% 1 

Rename the existing file 6.7% 5.0% 7.6% 16.0% 64.7% 2 
Move an existing file to 
another location 

6.7% 6.7%
13.4

%
16.0% 57.1% 2 

Create tables, charts or 
graphs 

7.6% 13.4%
17.6

%
17.6% 43.7% 2 

 
 
 
17. I know how to do the following: (advanced skills) 
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Add a printer 5.3% 6.2% 8.0% 36.3% 44.2% 8 
Install software on a 
personal computer 

8.0% 11.6%
11.6

%
29.5% 39.3% 

9 

Find specific information 
on the web 

1.8% 3.5% 4.4% 27.2% 63.2% 
7 

Send an email to more 
than one person 

3.5% 0.9% 7.1% 20.4% 68.1% 
8 

Attach files to an email 
message 

5.3% 7.1%
11.5

%
15.0% 61.1% 

8 
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18. I know how to troubleshoot the following situations: (Troubleshoot) 
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Laptop loses the wireless 
connection 

7.3% 16.4% 14.5% 28.2% 33.6% 11 

Redirect to a printer other 
than the default 

8.1% 12.6% 13.5% 23.4% 42.3% 10 

Find a deleted file on a 
computer 

9.8% 15.2% 25.9% 20.5% 28.6% 9 

The computer freezes 8.2% 13.6% 14.5% 34.5% 29.1% 11 
Recover lost data after a 
computer crashes 

17.9% 28.6% 27.7% 11.6% 14.3% 9 

Navigate between windows 
without a mouse 

11.8% 22.7% 10.9% 26.4% 28.2% 11 

 
 
 
19. Please indicate how much you agree or disagree with the following statements: 
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I am comfortable using 
computers 

3.5% 2.7% 8.8% 33.6% 51.3% 8 

I am good with computers 1.8% 7.1% 16.1% 35.7% 39.3% 9 
I would enjoy learning more 
about computers 

1.8% 1.8% 11.5% 28.3% 56.6% 8 
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20. Do you have any additional concerns regarding computer use? 
Comments: 
I just need to learn to use Office programs. 
I'm not as good as nursing one, I would like to be 
I only know limited Basics - I know enough to order tests and do my job in ER - need to 
know more 
Yes I need more learning with the computer 
I am not sure of the capabilities of the hospital systems because it is not user friendly and 
doesn't have all the functions of my personal computer.  
Would love to know more 
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Appendix D Detail Results of Survey regarding Staff Computer Skills at Hospital C 
 
2. Gender 

 Percent Frequency
Male 9.2% 7
Female 90.8% 69

 
 
 
3. Age 

 Percent Frequency
< 25 10.7% 8 Mean 44.41 
26-30 5.3% 4 SD 12.42 
31-35 10.7% 8
36-40 12.0% 9
41-45 13.3% 10
46-50 9.3% 7
51-55 17.3% 13
56-60 13.3% 10
> 60 8.0% 6

answered 75
skipped 1

 
 
 
4. Please indicate your ethnic background: 

Percent Frequency
African American 1.3% 1
Asian 1.3% 1
Caucasian 93.4% 71
Hispanic; Latino 2.6% 2
Other 1.3% 1
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5. What is your highest level of education? 
Percent Frequency

High School Diploma/GED 22.4% 17
Associates Degree 47.4% 36
Bachelors Degree 17.1% 13
Masters/ Professional Degree 3.9% 3
Doctoral Degree 1.3% 1
Other 7.9% 6

 
 
 
6. What is your position at the facility? 

Percent Frequency
RN 33.3% 25
Therapist 9.3% 7
MLT 8.0% 6
Staff 8.0% 6
CNA 6.7% 5
Manager 6.7% 5
Radiologic Technologist 6.7% 5
Coding Staff 4.0% 3
Control Desk 4.0% 3
Pharmacist 4.0% 3
Phlebotomist 4.0% 3
Legal Representatives/ PAR 2.7% 2
Accountant 1.3% 1
CRNA 1.3% 1

answered 75
skipped 1
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7. Which unit or department do you work for? 
Percent Frequency

Med/Surg 28% 21
Lab 12% 9
Business Office 11% 8
Cardiopulmonary 7% 5
Radiology 7% 5
ED/CCU 5% 4
Medical Records (HIM) 5% 4
OR 5% 4
Outpatient/ Surgery 4% 3
Pharmacy 4% 3
Physical Therapy 4% 3
Fiscal Service 3% 2
Human Resource 3% 2
Anesthesia 1% 1
Quality Department 1% 1

answered 75
skipped 1

 
 
 
8. Please indicate your work schedule: 

Percent Frequency
Full Time 78.7% 59
Part Time 21.3% 16

answered 75
skipped 1
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9. How many years have you worked in healthcare? 
Percent Frequency

< 1 year 2.7% 2
1-5 years 20.0% 15
6-10 years 21.3% 16
11-15 years 13.3% 10
16-20 years 9.3% 7
21-25 years 10.7% 8
> 25 years 22.7% 17

answered 75
skipped 1

 
 
 
10. How many years have you worked at this facility? 

Percent Frequency
< 1 year 18.4% 14
1-5 years 32.9% 25
6-10 years 25.0% 19
11-15 years 10.5% 8
16-20 years 6.6% 5
21-25 years 1.3% 1
> 25 years 5.3% 4

 
 
 
11. Is using a computer a regular part of your current job? 

Percent Frequency
Yes 100.0% 76
No 0.0% 0
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12. As part of your job, do you use any form of an Electronic Medical Records? 
Percent Frequency 

Yes 84.0% 63 
No 16.0% 12 
Other 8.0% 6 
Medication verification 6.7% 5 
Quality report generation 6.7% 5 
Coding Transactions 8.0% 6 
Electronic Medication Administration Record 10.7% 8 
Incorporate clinical lab test results into EHR 17.3% 13 
Billing Transactions 21.3% 16 
Computer provider order entry 33.3% 25 
Electronic documentation 62.7% 47 

answered 75 
skipped 1 

 
 
 
13. How often do you use a computer? 

 Percent Frequency 
Never 0% 0
Rarely 0% 0
Several times a month 0% 0
Once a week 0% 0
Few times a week 2.6% 2
Everyday 97.4% 74

 
 
 
14. How many hours a week do you use a computer? 

Percent Frequency
Never 1.3% 1
1-5  5.3% 4
6-10 17.1% 13
10-20 9.2% 7
> 20 67.1% 51
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15. How many years you have been using a computers? 
Percent Frequency

Never 0.0% 0
Less than 1 0.0% 0
1-3 5.3% 4
4-9 18.4% 14
More than 9 76.3% 58

 
 
 
16. I know how to perform the following tasks: (basic skills) 
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Safely turn the computer 
on/off   

0.0% 0.0% 1.3% 14.7% 84.0% 1 

Switch between open 
windows  

1.3% 1.3% 6.7% 13.3% 77.3% 1 

Copy, cut and paste text 2.7% 6.8% 9.5% 13.5% 67.6% 2 
Save files to a particular 
folder 

1.3% 4.0% 9.3% 21.3% 64.0% 1 

Rename the existing file 2.7% 5.4% 13.5% 16.2% 62.2% 2 
Move an existing file to 
another location 

8.0% 12.0% 12.0% 17.3% 50.7% 1 

Create tables, charts or 
graphs 

18.7% 10.7% 10.7% 25.3% 34.7% 1 
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17. I know how to do the following: (advanced skills) 
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Add a printer 9.2% 14.5% 17.1% 21.1% 38.2% 0 
Install software on a personal 
computer 

10.5% 10.5% 10.5% 34.2% 34.2% 
0 

Find specific information on 
the web 

0.0% 0.0% 1.3% 28.9% 69.7% 
0 

Send an email to more than 
one person 

0.0% 1.3% 7.9% 23.7% 67.1% 
0 

Attach files to an email 
message 

3.9% 6.6% 15.8% 14.5% 59.2% 
0 

 
 
 
18. I know how to troubleshoot the following situations: (Troubleshoot) 
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Laptop loses the wireless 
connection 

9.3% 16.0% 12.0% 34.7% 28.0% 1 

Redirect to a printer other 
than the default 

11.8% 28.9% 18.4% 22.4% 18.4% 1 

Find a deleted file on a 
computer 

6.7% 10.7% 20.0% 46.7% 16.0% 0 

The computer freezes 34.2% 43.4% 14.5% 5.3% 2.6% 1 
Recover lost data after a 
computer crashes 

14.5% 28.9% 19.7% 23.7% 13.2% 0 

Navigate between windows 
without a mouse 

9.3% 16.0% 12.0% 34.7% 28.0% 0 
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19. Please indicate how much you agree or disagree with the following statements: 
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I am comfortable using 
computers 

0.0% 1.3% 12.0% 32.0% 54.7% 1 

I am good with computers 1.3% 10.7% 17.3% 40.0% 30.7% 1 
I would enjoy learning more 
about computers 

0.0% 3.9% 5.3% 31.6% 59.2% 0 

 
 
 
20. Please indicate how much you agree or disagree with seeking IT help at the 
facility? 
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When I'm unable to resolve a 
computer problem myself, I 
know how to contact the IT 
help desk 

2.6% 3.9% 10.5% 30.3% 52.6% 0 

After contacting the IT help 
desk, my computer issues are 
resolved in a timely manner 

2.6% 3.9% 21.1% 30.3% 42.1% 1 

 
 
 
21. Do you have any additional concerns regarding computer use? 
Comments: 
Would like to have a computer class to learn more 
We need another IT employee 
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Appendix E The Probes for Focus Groups Discussion Regarding Medication 
Administration Process 
 

What tasks in the “Empty Room” are going to be changed due to EHR implementation? 

o How are nurses going to access the medication administration records (MARs)? 

o How will the new system change the way records are reviewed and patient visits 

are scheduled? 

o How will the new system communicate with the med cart? 

o When / how often does pharmacy stock inventory for med cart? 

What tasks in the “Medication Room” are going to be changed due to EHR 

implementation? 

o Does the new system communicate with the med station?  

o Will the new system impact the requirement of having a witness while preparing 

certain medications? How? 

o When / how often does pharmacy stock inventory for med station? 

What tasks in the “Supply Room” are going to be changed due to EHR implementation? 

o How will supplies be “checked out” of this room? 

o If supplies brought to the Patient Room are not used, how are they handled? 

What tasks in the “Patient Room” are going to be changed due to EHR implementation? 

o Will the med cart be moved to the Patient Room for administering medications? 

o Are nurses going to perform charting in the Patient Room? 

o Is any barcode scanning system used with the new system? 

o What if the patient is not ready for medications (e.g., patient is sleeping)? 


