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Abstract 
Background: Continuous evaluation of students and employee’s 
knowledge and attitude in clinical laboratories is mandatory to ensure 
a high level of competency, proper practice and to assess the need for 
training, which shall be reflected on the quality of laboratory results. 
The aim of the present study was to evaluate the knowledge, attitude, 
and practice in microbiology laboratories among employees (at King 
Fahd Hospital of the University) and clinical laboratory students (at 
Imam Abdulrahman Bin Faisal University)    
Methods: This was a cross-sectional survey of 30 2nd year students, 26 
3rd year students, 24 4th year students in the Clinical Laboratory 
Sciences department, and 30 employees. Participants completed a 
survey comprising 30 questions to assess their knowledge and 
attitude towards the use of equipment and practice in the 
microbiology laboratory. 
Results: The results indicated that there was no significant difference 
between the average scores of all levels of students regarding their 
knowledge (p = 0.85, 0.999, and 0.869), attitude (p = 0.883, 0.996, 
0.853), and practice (p=0.633, 0.325, 0.858) in the microbiology 
laboratory. Employees scores (knowledge;5.03±2.646, attitude; 
12.03±4.89, and practice; 7.7±6.11) were quite poor, as indicated by 
the lower average results than that of students (knowledge; 5.65±3.08, 
attitude; 13.25±5.33, and practice; 13.46±5.7). 
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Conclusions: It is concluded that the knowledge, attitude, and 
practice of students and employees in the microbiology laboratory 
needs to be meticulously monitored and improved to ensure high 
achievement of learning outcomes and better overall performance in 
the laboratory. This may be achieved through using frequent quizzes 
and continuous education programs.
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Introduction
Microbiology laboratories are unique work environments that  
exert potential health hazards, which requires focused knowl-
edge and training for all users. The risk of exposure to  
pathogens and misuse of laboratory equipment are two  
important hazards related to microbiology laboratories. Through-
out history, and due to the lack of safe practice and personal 
errors many laboratory workers have contracted infections1.  
Similarly, mishandling of laboratory equipment, especially 
those operating at high temperatures or speeds can pose con-
siderable risks to the laboratory personnel2. In order to reduce 
these risks related to the use of equipment and practice in 
the microbiology laboratory, dedicated safety training and  
education should be in place for every laboratory2.

Microbiology laboratory equipment can be broadly classified 
as disposable or reusable. The most common reusable compo-
nents include microscopes, autoclaves, colony counters, vortex  
mixers, hot air ovens, refrigerators, distilled water plants, Bun-
sen burners, and pipettes. Laboratory students and employees  
should follow the related standard operating procedures (SOPs) 
while using this equipment, and failure to do so can cause  
damage to the equipment and expose laboratory person-
nel to a possible hazard3. Likewise, the use of disposable 
equipment, including petri plates, pipetting tips and personal  
protective equipment (PPE) should be carried out in a 
proper manner and with care so that they do not become a 
cause of infection spread. This requires prior knowledge 
and training on how to use and dispose of these laboratory  
tools3.

The importance of practices and attitudes of personnel work-
ing in microbiology laboratories has been highlighted in  

various studies4. In this respect, workers should be profession-
ally trained and participate in continuous training courses to 
ensure their correct and safe usage of laboratory equipment5. 
From our point of view, the accuracy of diagnostic test results  
and their reliability may depend on the laboratory techni-
cian’s knowledge, attitude and standardized practice in the 
laboratory. The aim of the present study was to evaluate the  
knowledge, attitude and practice (KAP) of the students (depart-
ment of clinical laboratory sciences, Imam Abdulrahman 
Bin Faisal University) and staff (King Fahd Hospital of the  
University) towards the microbiology laboratory and the use  
of its equipment.

Methods
Study design
This was a cross-sectional questionnaire-based study, con-
ducted among the undergraduate students of the Clinical Labo-
ratory Science Department at Imam Abdulrahman Bin Faisal 
university and the technical staff working in the teaching  
hospital of the university in Dammam, eastern province of Saudi  
Arabia. 

Study instrument
A structured self-administered questionnaire was designed by 
the authors and reviewed by subject experts (Dr. S. Acharya.,  
Assistant professor of microbiology and Dr. Elfadil A, Assistant  
professor of microbiology and Immunology) for its content,  
relevance, readability, and comprehension. The questionnaire  
was distributed to 10 randomly selected participants as  
preliminary pilot testing of the target population. Minor modi-
fications were recommended by the pilot study group and 
were done before dissemination of the survey to the sample  
population. The overall Cronbach alpha value was 0.79 sug-
gesting acceptable consistency of the questionnaire. Those who  
participated in the pilot study were excluded from the final  
analysis.

The survey was written in English and consisted of 30  
questions divided into four main sections6. The questionnaire 
started with a section asking for participants’ year of study,  
specialization, department, and college. Sections two to-four  
comprised 10 questions each to evaluate knowledge, attitudes 
and practice in the microbiology laboratory, respectively. 
All questions evaluating knowledge, attitude and practice  
were associated with categorical responses: yes/no/not sure.

Participants
All students in years 2, 3 and 4 who belonged to the depart-
ment of clinical laboratory sciences at Imam Abdulrahman Bin  
Faisal University, were asked to participate in the study. Stu-
dents from other departments as well as those who had recently  
changed their specialty to clinical laboratory sciences were  
excluded from participation. All the staff of the microbiol-
ogy laboratory at King Fahd Hospital of the University were 
asked to participate. Staff members who recently joined 
were excluded; only staff members with at least five years’  
experience were included in the study. 

           Amendments from Version 1
In response to reviewers comments the following updates 
were done. 

Updated text: The link for the survey was then sent to the 
students and all responses were collected between 19th February 
– 03rd March. The whole study was completed in the period 
completed between February 2020 – September 2020.
Reason for update: Provided more details on dates of survey 
conducted.

Updated text: Out of 110, 30 (100%) were 2nd year students, 26 
(86.66%) were 3rd. year students, 24 (80%) were 4th year students 
and 30 (100%) were employees (microbiology laboratory 
personnel).
Reason for update: Percentages were added

Updated text: Also, in the final years of the program, especially 
in level four, students’ courses are more focused towards 
practical skills and hospital rotations, which might affect student 
attention to basic practice knowledge taught in the foundation 
years of the program. 
Reason for update: Elaborate on why the knowledge of 
students did not improve.

Any further responses from the reviewers can be found at 
the end of the article

REVISED

Page 3 of 21

F1000Research 2021, 10:117 Last updated: 16 JUL 2021



Study procedure
The survey was hosted on the online resource “Question Pro”.  
The college registrar provided the of email addresses of all 
pupils in each university year. The link for the survey was 
then sent to the students and all responses were collected 
between 19th February – 03rd March. The whole study was 
completed in the period completed between February 2020 
– September 2020. The objectives of the research were 
explained to the students on the very first page and students  
were proceeded to take the survey only after checking the  
consent box. Participation was voluntary, and no benefits or 
incentives were given to participants. There were no personal  
data collected during this study.

Statistical analysis
Data was initially exported to MS Excel 365 from the  
“QuestionPro” database. After cleaning the dataset was imported 
to Statistical Package for Social Science (SPSS version 22, Inc. 
USA) for further analysis. Data was presented as frequencies,  
percentage, mean and SD. The knowledge sections of the 
questionnaire contained 10 questions and response were col-
lected as wrong answer (marked 0) and correct answer  
(marked 1). Attitude and practice scores were coded as yes, 
don’t know and no (3, 2, 1, respectively). Overall and for each 
section the items internal consistency was evaluated through  
Cronbach’s Alpha. Comparison between student’s scores was 
conducted using one-way analysis of variance (ANOVA),  
while the student independent sample t-test was employed to  
compare between students’ and employees’ scores. The p-value  
of ≤0.05 was considered statistically significant.

Results
The questionnaire was disseminated to a target sample com-
prising 30 students in each study level (2nd, 3rd and 4th year stu-
dents) and 30 employees making the total number of target  
participants 120; among them 110 responded7. Out of 110, 30 
(100%) were 2nd year students, 26 (86.66%) were 3rd year stu-
dents, 24 (80%) were 4th year students and 30 (100%) were 
employees (microbiology laboratory personnel). All of par-
ticipants belonged to the same university and its teaching 
hospital. The response rate was 73%, incomplete or denied  
participation were excluded. Overall, it was found that students’ 
percentages of correct answer were higher than the employ-
ees. In brief the average student scores (mean±S.D) in the 
knowledge domain were 5.80±2.49 (2nd year), 5.35±3.58, (3rd 
year), and 5.79±3.27 (4th year) out of a maximum of 10 points. 
The average scores in the attitude domain were 13.53±6.404 
(2nd year), 12.85±5.409 (3rd year), and 13.67±3.691 (4th year)  
out of a maximum of 30 points. Regarding practice, student 
scores were 14.60±5.73 (2nd year), 13.16±6.34 (3rd year) and 
12.33±5.001 (4th year) out of a maximum of 30 points. Whilst  
mean (SD) employees scores were 5.03±2.646 out of 10 for  
knowledge, 12.03±4.89 out of 30 for attitude, and 7.7±6.11  
out of 30 for practice. Among the all knowledge related  
question the only one item (The UV-visible spectrophotom-
eter uses light visible range) was answered correctly by the 
majority of the employees (Table 1), likewise the good practice 

response was also higher among the students whereas the 
“don’t know” response for several items was higher among 
the employees (Table 2). However, the attitude response of  
both groups was somehow similar almost for all items (Table 3). 

Internal consistency
The items (questions) used in the current study to assess the per-
formance of students and employees in knowledge, attitude and 
practice domains are summarized in Table 1, Table 2, Table 3.  
The correct answer for each question was indicated in the  
tables along with the listed options for the participants. The reli-
ability of the questionnaire items used to assess knowledge, 
attitude and practice was evaluated by assessing the internal  
consistency of each domain’s questions by calculating the 
Cronbach’s Alpha (Table 4). The values of the Cronbach’s  
Alpha coefficient for knowledge, attitude and practice were 
0.888, 0.916, and 0.932, respectively, indicating that the items  
in each group are closely related as a set of questions.

Descriptive data for knowledge, attitude and practice 
scores
The overall average scores of the three domains for the whole  
study sample are shown in Table 5 and the average perform-
ance scores for each group are shown in Table 6. Among the  
students, the 2nd year students who are the most junior students 
in this study had the highest level of knowledge (5.80±2.49), 
followed by the most senior 4th year (5.79±3.27) and  
3rd year students (5.35±3.58). Faculty surprisingly had the 
lowest knowledge score among the participants (5.03±2.64).  
Likewise, the average scores of the 4th year and the 2nd year  
students in attitude-related questions were close (13.67±3.69 
and 13.53±6.40, respectively). The lowest score in the atti-
tude domain was reported for the 3rd year students followed by  
the employees (12.85±5.40 and 12.03±4.89). Regarding prac-
tice-related questions, the 2nd year students achieved the best 
scores (14.6±5.73), followed by the 3rd year (13.16±6.34) and  
the 4th year students (12.33±5.00). The employees score was  
the least, and surprisingly, low in this domain also (7.7±6.11).

Comparison of student groups’ scores in knowledge-, 
attitude- and practice-related questions
The average scores of 2nd, 3rd, and 4th year students in the 
three domains were compared using one-way analysis of vari-
ance ANOVA (Table 7). The results indicated that there was no  
significant difference between the average knowledge scores 
of: the 2nd and 3rd year students (p = 0.85); the 2nd and 4th year  
students (p = 0.999); and the 3rd and 4th year students (p = 
0.869). There was similarly a non-significant difference 
observed for the average attitude scores between the above-
mentioned groups (p=0.883, 0.996, and 0.853, respectively), as  
well as for practice (p= 0.633, 0.325, and 0.858, respectively).

Comparison of student groups’ and employees’ scores 
in knowledge-, attitude- and practice-related questions
The independent sample t-test (Table 8) was used to compare 
the KAP scores between employees and students. The results  
indicated a non-significant difference between students and 
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employees regarding knowledge or attitude (p=0.335 and  
0.24, respectively). On the other hand, the difference between 
students and employees’ scores for practice-related ques-
tions was significantly different (13.46±5.7 and 7.70±6.11, 
respectively, p<0.0001).

Discussion
The present survey was carried out to evaluate and analyze  
three domains: knowledge, attitude and practice towards equip-
ment used in the microbiology lab by university students and  
employees. The results of the current study revealed that there 

Table 1. Participant’ knowledge about microbiology laboratory equipment.

Questions Options 2nd-year 
Total=30 (%)

3rd-year 
Total=26 (%)

4th-year 
Total=24 (%)

Employers 
Total=30 (%)

Total (%)

Is it recommended to calibrate the pH meters 
before using? Correct answer: Yes

Yes 30 [100%] 23[92.31] 24[100] 30[100] 108[98%]

No 0 [0] [0] [0] [0] 0 [0%]

Don’t know 0 [0] 3[7.69] [0] [0] 2[2%]

Sterilization of media and lab equipment is 
carried out in autoclave at 121°C? Correct 
answer: Yes

Yes 24[81.25] 12[46.15] 14[60.00] 11[36.66] 62[56%]

No 6[18.75] 5[19.23] 0[0] 19[62.50] 29[25%]

Don’t know 0[0] 9[34.62] 10[40.00] 0[0] 19[19%]

Centrifugation of bacterial culture is carried 
out to collect the bacterial cells in the 
supernatant. Correct answer: No

Yes 8[25] 11[42.31] 10[40.00] 22[75.00] 51[46%]

No 6[18.75] 8[30.77] 10[40.00] 8[25.00] 31[29%]

Don’t know 16[56.25] 7[26.92] 4[20.00] 0[0] 29[26%]

Can a vortex be used to separate particles 
based on their sizes? Correct answer: No

Yes 11[37.50] 11[42.31] 5[20.00] 26[87.50] 53[47%]

No 4[12.50] 10[38.46] 14[60.00] 4[12.50] 32[31%]

Don’t know 15[50.00] 5[19.23] 5[20.00] 0[0] 25[22%]

Polymerase chain reaction (PCR) is a DNA 
amplification technique? Correct answer: 
Yes

Yes 30[100] 22[84.62] 24[100] 30[100] 106[96%]

No 0[0] 3[11.54] 0[0] 0[0] 3[3%]

Don’t know 0[0] 1[3.85] 0[0] 0[0] 1[1%]

While carrying out a microscopical 
examination, is it recommended to change 
the lens power in an ascending order, i.e. 4X, 
10X, 40X? Correct answer: Yes

Yes 30[100] 19[73.08] 19[80.00] 24[80] 92[83%]

No 0[0] 3[11.54] 5[20.00] 0[0] 8[8%]

Don’t know 0[0] 4[15.38] 0[0] 6[20] 10[9%]

Would we use an electronic cell counter to 
determine the number of thrombocytes in a 
ul of blood? Correct answer: Yes

Yes 9[31.25] 9[34.62] 10[40.00] 8[25.00] 35[33%]

No 8[25] 4[15.38] 5[20.00] 19[62.50] 36[31%]

Don’t know 13[43.75 13[50.00] 9[40.00] 3[12.50] 39[37%]

The UV-visible spectrophotometer uses 
light visible range between 400 – 700 nm of 
electromagnetic radiation spectrum. Correct 
answer: Yes

Yes 13[43.75] 18[69.23] 10[40.00] 24[80] 65[58%]

No 6[18.75] 4[15.38] 0[0] 6 [20] 16[14%]

Don’t know 11[37.50] 4[15.38] 14[60.00] 0[0] 30[28%]

A temperature precision vortex mixture 
is the best equipment for carrying out 
immunochemical reactions that require light 
mixing. Correct answer: Yes

Yes 17[56.25] 6[23.08] 4[20.00] 8[25.00] 35[31%]

No 6[18.75] 3[11.54] 10[40.00] 0[0] 18[18%]

Don’t know 7[25.00] 17[65.38] 10[40.00] 22[75.00] 57[51%]

Are circulating-water baths ideal for 
experiments which require temperature 
precision? Correct answer: Yes

Yes 11[37.50] 12[46.15] 10[40.00] 4[12.50] 37[34%]

No 2[6.25] 5[19.23] 4[20.00] 0[0] 12[11%]

Don’t know 17[56.25] 9[34.62] 10[40.00] 26[87.50] 62[55%]
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was no significant difference between students in different  
years regarding their KAP in the microbiology lab. Of note, 
employees had the lowest scores amongst the studied groups. 
In this respect, employee’s average scores for practice-related  

questions were significantly different from the average score 
of students in the same domain. Similar findings have been 
reported by Jairoun and colleagues8 who evaluated KAP of  
medical students (MS) and non-medical students (NS) towards 

Table 2. Participant’ practice while using microbiology laboratory equipment.

Questions Options 2nd-year 
Total=30 (%)

3rd-year 
Total=26 (%)

4th-year 
Total=24 (%)

Employers 
Total=30 (%)

Total (%)

Can distilled water or deionized water be 
used for storing pH electrode? Correct 
answer: No

Yes 19[62.50] 13[50.00] 14[60.00] 26[87.50] 72[65%]

No 11[37.50] 5[19.23] 0[0] 0[0] 16[14%]

Don’t know 0[0] 8[30.77] 10[40.00] 4[12.50] 21[21%]

For analyzing a chemical reaction, the 
change in color can be observed by using a 
spectrophotometer. Correct answer: Yes

Yes 24[81.25] 25[96.15] 24[100] 19[63.33] 92[85%]

No 4[12.50] 0[0] 0[0] 0[0] 4[3%]

Don’t know 2[6.25] 1[3.85] 0[0] 11[36.6] 14[12%]

Is it safe to work in a biological safety 
cabinet (BSC) when the UV light is on? 
Correct answer: No

Yes 6[18.75] 7[26.92] 0[0] 18[62.50] 31[27%]

No 15[50.00] 11[42.31] 10[40.00] 4[12.50] 39[36%]

Don’t know 9[31.25] 8[30.77] 14[60.00] 8[25.00] 39[37%]

Do you sterilize your inoculating loop 
before as well as after using it? Correct 
answer: Yes

Yes 28[93.75] 25[96.15] 24[100] 12[40] 89[82%]

No 0[0] 0[0] 0[0] 8[26.66] 8[7]

Don’t know 2[6.25] 1[3.85] 0[0] 10 [33.33] 13[11%]

Do you set the denaturation temperature 
in PCR in accordance with the melting 
temperatures of the primers that are being 
used? Correct answer: Yes

Yes 26[87.50] 15[57.69] 10[40.00] 4[12.50] 55[49%]

No 4[12.50] 4[15.38] 4[20.00] 0[0] 13[12%]

Don’t know 0[0] 7[26.92] 10[40.00] 26[87.50] 43[39%]

For getting the best resolution through a 
lab microscope, is use of oil immersion a 
viable option? Correct answer: Yes

Yes 17[56.25] 17[65.38] 19[80.00] 11[36.6] 64[60%]

No 9[31.25] 4[15.38] 0[0] 2[6.6] 15[13%]

Don’t know 4[12.50] 5[19.23] 5[20.00] 17[62.50] 32[29%]

If you are given a blood sample to 
detect whether the person is allergic to 
something, would you use Electronic cell 
counter for the quick determination of the 
number of neutrophils? Correct answer: 
Yes

Yes 19[62.50] 12[46.15] 6[25.00] 8[25.00] 44[40%]

No 2[6.25] 6[23.08] 6[25.00] 0[0] 14[14%]

Don’t know 9[31.25] 8[30.77] 12[50.00] 22[75.33] 52[47%]

Will a shaking water bath be ideal 
equipment for growing bacteria in broth 
culture media? Correct answer: Yes

Yes 11[37.50] 4[15.38] 0[0] 4[12.50] 19[16%]

No 13[43.75] 8[30.77] 14[60.00] 0[0] 36[34%]

Don’t know 6[18.75] 14[53.85] 10[40.00] 26[87.50] 55[50%]

Will you use a hot plate when you have to 
prepare a buffer of certain pH? Correct 
answer: Yes

Yes 24[81.25] 18[69.23] 10[40.00] 4[12.50] 56[51%]

No 2[6.25] 1[3.85] 4[20.00] 23[75.00] 30[26%]

Don’t know 4[12.50] 7[26.92] 10[40.00] 3[12.50] 24[23%]

Do you monitor the temperature accuracy 
of lab incubators by placing thermometer 
in them? Correct answer: Yes

Yes 9[31.25] 14[53.85] 24[100] 11[36.6] 58[55%]

No 11[37.50] 8[30.77] 0[0] 0[0] 19[17%]

Don’t know 10[31.25] 4[15.38] 0[0] 19[63.33] 33[28%]
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the use of antibiotics in the United Arab Emirates (UAE). They 
reported that medical students had better knowledge of anti-
biotics and their side effects compared to the non-medical  
students; however, employees showed the least knowledge when 
compared to the students. Since employees mostly do routine  

work, they may not bother to get more awareness about  
laboratory equipment as noticed from the assessment of the 
employees’ KAP regarding health precautions in the laboratory. 
This is disappointing as they play a very important role in  
regulating daily tasks of the laboratory; this may compromise 

Table 3. Participants’ attitude towards microbiology laboratory equipment.

Questions Options 2nd-year 
Total=30 (%)

3rd-year 
Total=26 (%)

4th-year 
Total=24 (%)

Employers 
Total=30 (%)

Total (%)

Do you think it is ideal to use a water bath 
when heating of a flammable compound is 
required? Correct answer: Yes

Yes 11[37.50] 4[15.38] 5[20.00] 8[25.00] 28[24%]

No 13[43.75] 19[73.08] 14[60.00] 22[75.00] 69[63%]

Don’t know 6[18.75] 3[11.54] 5[20.00] 0[0] 13[13%]

While using a hot plate, will you start 
the magnetic stirring before placing the 
magnetic stirrers in the mixture? Correct 
answer: No

Yes 8[25.00] 2[7.69] 0[0] 22[75.00] 32[27%]

No 9[31.25] 6[23.08] 5[20.00] 4[12.50] 24[22%]

Don’t know 13[43.75] 18[69.23] 19[80.00] 4[12.50] 54[51%]

Do you feel it is ok to place your food items 
in the laboratory fridge and freezers? 
Correct answer: No

Yes 4[12.50] 0[0] 0[0] 19[62.50] 23[19%]

No 26[87.50] 26[100] 24[100] 11[37.50] 88[81%]

Don’t know 0[0] 0[0] 0[0] 0[0] 0[0]

Do you think it is a necessary that 
laboratory ovens have a vent that is directly 
connected to the exhaust system? Correct 
answer: Yes

Yes 19[62.50] 13[50.00] 19[80.00] 8[25.50] 59[55%]

No 4[12.50] 3[11.54] 5[20.00] 4[12.50] 15[14%]

Don’t know 7[25.00] 10[38.46] 0[0] 18[60] 35[31%]

From safety point of view do you think hot 
plates are better than water baths. Correct 
answer: No

Yes 9[31.25] 8[30.77] 10[40.00] 18[62.50] 46[41%]

No 9[31.25] 10[38.46] 5[20.00] 8[25.00] 32[29%]

Don’t know 12[37.50] 8[30.77] 9[40.00] 4[12.50] 33[30%]

Do you think it is necessary to balance the 
load while using a centrifuge? Correct 
answer: Yes

Yes 26[87.50] 24[92.31] 24[100] 30[100] 104[95%]

No 2[6.25] 1[3.85] 0[0] 0[0] 3[3%]

Don’t know 2[6.25] 1[3.85] 0[0] 0[0] 3[3%]

While pipetting is it necessary to use a 
pipette bulb or proper pipetting devices 
for transferring liquid cultures? Correct 
answer: Yes

Yes 24[81.25] 22[84.62] 14[60.00] 6[18.75] 66[61%]

No 6[18.75] 3[11.54] 5[20.00] 24[81.25] 38[33%]

Don’t know 0[0] 1[3.85] 5[20.00] 0[0] 6[6%]

If autoclave is not available, do you think 
it is effective to disinfect the apparatus 
with 10% bleach for at least 1 to 2 hours? 
Correct answer: Yes

Yes 11[37.50] 6[23.08] 0[0] 8[25.00] 25[21%]

No 4[12.50] 6[23.08] 5[20.00] 0[0] 15[14%]

Don’t know 15[50.00] 14[53.85] 19[80.00] 22[75.00] 71[65%]

Do you think it is the best option to use a 
syringe filter for removing microbes from 
a small sample that cannot be sterilized 
through autoclaving? Correct answer: Yes

Yes 17[56.25] 10[38.46] 10[40.00] 8[25.00] 44[40%]

No 8[25.00] 9[34.62] 10[40.00] 18[60] 44[40%]

Don’t now 5[18.75] 7[26.92] 4[20.00] 4[12.50] 21[20%]

Do you think it is necessary to clean the 
residual pitch in the distillation plant? 
Correct answer: Yes

Yes 23[75.00] 20[76.92] 24[100] 26[87.50] 93[85%]

No 2[6.25] 1[3.85] [0] 0[0] 3[3%]

Don’t know 5[18.75] 5[19.23] [0] 4[12.50] 14[13%]
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Table 6. Average scores (mean±S.D) of students and 
employees towards knowledge, attitude and practice.

Group Knowledge 
(mean±SD)

Attitude 
(mean±SD)

Practice 
(mean±SD)

2nd Year Students 5.80±2.49 13.53±6.404 14.60±5.73

3rd Year Students 5.35±3.58 12.85±5.409 13.16±6.34

4th year Students 5.79±3.27 13.67±3.691 12.33±5.001

Employees 5.03±2.646 12.03±4.89 7.7±6.11

to do that. Moreover, the number of students who practiced 
hand washing was reduced to 16.2%, which showed the  
non-serious behavior of the students. In our opinion, this  
behavior can be explained based on the fact that with seniority, 
students tend to ignore rules and instructions and become 
more careless towards the usage of equipment. Students’ atti-
tudes were analyzed through a questionnaire and not based on  
observation and therefore reflect their subjective views. From 
the results, it can be stipulated that students disregard proper  
attitude protocols towards the use of laboratory. Also, in the 
final years of the program, especially in level four, students’ 
courses are more focused towards practical skills and hospital 
rotations, which might affect student attention to basic practice  
knowledge taught in the foundation years of the program.

The lab employees who participated in the current survey  
showed the lowest average in all three KAP domains. The results 
may be explained, from our own perspective, by the tendency 

Table 5. Descriptive statistics of knowledge, attitude, and practice 
scores for whole sample.

Domain (total 
responses) N Minimum Maximum Mean

Std. 
Deviation

Knowledge 110 0 10 5.48 2.973

Attitude 110 1 20 12.99 5.212

Practice 110 0 20 11.89 6.368

Valid N (listwise) 110

Table 4. Cronbach’s Alpha coefficient values 
indicating the internal consistency of 
questionnaire items.

Domain Cronbach’s Alpha No. of Items

Knowledge 0.888 10

Attitude 0.916 10

Practice 0.932 10

Table 7. ANOVA test results for knowledge, attitude, and practice comparisons between students.

Domain 2nd year 3rd year p-value 2nd year 4th year p-value 3rd year 4th year p-value

Knowledge 5.80±2.49 5.35±3.58 0.85 5.80±2.49 5.79±3.27 0.999 5.35±3.58 5.79±3.27 0.869

Attitude 13.53±6.404 12.85±5.409 0.883 13.53±6.404 13.67±3.691 0.996 12.85±5.409 13.67±3.691 0.853

Practice 14.60±5.73 13.16±6.34 0.633 14.60±5.73 12.33±5.001 0.325 13.16±6.34 12.33±5.001 0.858
*p<0.05 considered statistically significant

laboratory results and jeopardize health management outcomes 
in patients. In addition, employees play a significant role in  
students’ training.

In another context, Barikani9, stated that around 50% of the  
students surveyed had knowledge of ‘hand washing before 
and after using gloves”, but only 40% developed the attitude  
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of most employees to ignore laboratory-related instructions, 
and this might be reflected in their attitude and practice. Also, 
the low average scores of employees in the knowledge domain 
might be explained by the lack of continuous training and partici-
pation in educational programs. In this context, we understand 
that some employees might have forgotten about using  
different technique, and the reason behind it might be the low 
frequency of such procedures and/or the expansion in labora-
tory automation. Similar results were reported by Ejilemele and  
Ojulu2, who carried out a KAP survey in pathology laboratory 
staff. They reported gross insufficiencies in the KAP of safety  
protocols by the laboratory staff in different microbiology 
areas. It was found that laboratory employees lack the required  
KAP about safe specimen collection, standard use of PPE,  
and usage of centrifuge and first aid kits.

The current study was also designed to analyze the students’ 
approach and practice towards facilities/equipment they are  
provided with. It might be concluded from the results of the  
current study that knowledge and attitude affect the practice.  
Results showed that students’ achievement in all levels was 
comparative, though ideally, KAP should be higher in more  
senior students as skills-related learning outcomes and capac-
ity of laboratory training are introduced in much higher weights 
in final years of study, which would be reflected in their  
knowledge and practical skills. This means that higher levels  
students might become irresponsible and less serious towards 
rules and concepts with time, though the difference was not  
statistically significant. These findings are in agreement with 
the findings of behavioral survey carried out by Askarian and  
colleagues10. They reported that the carelessness in behav-
ior was observed in Iranian medical students towards practice  
of standard isolation precautions. When they were tested for 
precautionary measures taken, most of them did not know  
about the recommended disinfecting techniques. Another study 
also showed that knowledge and attitudes among medical  
students were acceptable but practices towards standard  
isolation precautions was poor11.

It was also observed in the current study that employees’  
scores were markedly lower for practice than those for students, 

which means they have lesser knowledge of equipment and 
laboratory management. The result revealed their incompe-
tence compared with students. Probably, the lack of dedica-
tion and problematic conduct directly affect employee’s own  
safety and health, as well as students. These findings are  
alarming, as employees should supposedly have better knowl-
edge, attitude, and practice of correct laboratory procedures  
than students. Students may be careless as they are learning, 
but it should not be tolerated by supervisors. Our findings are  
in harmony with a survey carried out by Zaveri and Karia12  
who analyzed the KAP of laboratory technicians regard-
ing standard precautions using a cross-sectional study. They  
reported that health care workers (technicians directly involved 
with the work in the laboratories of selected hospitals) showed 
poor knowledge, attitude, and practices of universal work  
precautions that are defined, according to the center for dis-
ease control, as precautions to prevent blood borne infections  
to workers who provide first-aid or health services6.

Conclusion
These findings highlight the importance of this and similar  
surveys that help us to evaluate the status of knowledge, atti-
tude and practice of laboratory students and employees in 
standard microbiology practice. Based on the results, it can be  
suggested that lab employees should be trained so that they 
are not only present to keep an eye on students, but are quali-
fied to provide help and guidance to students regarding  
experiments, equipment usage, cleanliness and safety. This  
study also highlights the need for regular educational courses 
for lab employees to keep them updated about the latest equip-
ment and any new practices. Moreover, we propose that students  
should be evaluated regularly on their learning and attitudes, 
as ensuring the right attitude and practice towards microbiol-
ogy equipment is necessary for the safety of both users and  
equipment, especially in more senior students.

To this end, the authors may conclude that as university  
students progress through their degree, their knowledge and  
attitude may not necessarily improve; learning and good con-
duct cannot be proportional to passing classes. In this context, 
we may suggest that knowledge, attitude and practice develop  
by motivation and determination. The present study showed 
that commitment of students towards knowledge and practice 
is directly proportional to their attitude. From this study, we  
conclude that it is particularly important to evaluate the learn-
ing process of students and employees and they should be  
regularly assessed.

Study limitations
The conclusion from the current study was mainly based on 
questionnaire data, which may not reflect evidence-based  
practice of both studied groups (students and employees). There-
fore, combining questionnaires with laboratory observations 
could reflect the better picture of KAP in the clinical laboratory.  
Also, the current study evaluated KAP domains in a single 
batch of clinical laboratory science students and focused on  

Table 8. Independent t-test results for knowledge, 
attitude, and practice comparisons between 
students and employees.

Domain Students 
(mean±SD)

Employees 
(mean±SD) p-value

Knowledge 5.65±3.08 5.03±2.54 0.335

Attitude 13.25±5.33 12.03±4.83 0.24

Practice Score 13.46±5.7 7.70±6.11 <0.0001
*p<0.05 considered statistically significant
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microbiology instruments, which means that the findings cannot  
be generalized to different students and employee populations.

Data availability
Underling data
Harvard Dataverse: Comparative cross-sectional assessment 
of knowledge, attitude and practice among university students 
and employees towards the use of the microbiology laboratory  
equipment. https://doi.org/10.7910/DVN/4JHK2W7.

This project contains the following underlying data:

-  Raw data excel file

Extended data
Harvard Dataverse: Comparative cross-sectional assessment 
of knowledge, attitude and practice among university stu-
dents and employees towards the use of the microbiology  
laboratory equipment. https://doi.org/10.7910/DVN/4JHK2W7.

This project contains the following extended data:
-  Questionnaire

Data are available under the terms of the Creative Commons 
Zero "No rights reserved" data waiver (CC0 1.0 Public domain  
dedication).

Ethical approval
Upon discussion with a review board representative, ethi-
cal approval for this study was not applied for since the data  
collected was all anonymous and did therefore not violate  
privacy or confidentiality of the participants.

Consent
Participants were asked about their willingness to participate 
on the first-display page of the questionnaire which informed 
them that their participation was voluntary and presented a tick  
box to provide consent.
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addressing at an institutional level. 
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proper procedures. However, there is no statistically significant difference between the 2nd and 
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employees in terms of demographic characteristics? 
Author’s Response: We tried to make the study sample as representative as possible by 
inviting all students in levels 2, 3, and 4 also all employees in the microbiology laboratory 
who met our inclusion criteria were given the chance to participate in our study as 
described in the method’s section. 
 
Reviewers’ comment: The quality of written English is mostly good. However, corrections 
may be required in a few places. 
Author’s Response: We revised our article to correct any potential technical error. 
 
Reviewers’ comment: I wanted to confirm that the employees involved in the study were 
all faculty members for the clinical laboratory sciences course. 
Author’s Response: Yes, they are graduates of the clinical laboratory sciences program. 
 
Reviewers’ comment: What percentage of students from different years and employees 
participated in the study? 
Author’s Response: Thank you for the comment. In response to this comment, we have 
mentioned the total numbers of students and employees who were invited to participate as 
well as the numbers who responded to the survey as indicated at the beginning of the 
results section. We will update the article by including the percentage also. 
 
Reviewers’ comment: The authors should try to explain better why the knowledge of 
students did not improve as they progressed through the course. 
Author’s Response: Thank you for the valuable comment; we have tried to elaborate on 
this, please check. 
 
Reviewers’ comment: What were the qualifications of the employees? How are they 
selected? Is there no refresher training provided to them? Do they have annual appraisals 
conducted? 
Author’s Response: The employees are graduates of the clinical laboratory sciences 
program. They have been selected according to the criteria mentioned in the methods 
section. As far as we are aware, There are “Continuous Education Programs” as well as the 
annual appraisal. 
 
Reviewers’ comment: Could the level of English proficiency of the employees affected their 
response and the scores obtained? 
Author’s Response: All clinical laboratory sciences graduates should provide an English 
proficiency testing certificate before joining the program. Also teaching is in English and 
instructions indicated that investigators are available to answer any questions and clarify 
any ambiguous information. In this respect, we think that this was not a concern during the 
survey.  

Competing Interests: None to declare
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Here is a review of the manuscript entitled “Comparative cross-sectional assessment of 
knowledge, attitude, and practice among university students and employees towards the use of 
the microbiology laboratory equipment.” The findings of this study will serve as the baseline data 
to evaluate learning outcomes and performance of students and staff in the microbiology 
laboratory settings. Despite this contribution, we believe there are opportunities to further 
strengthen this manuscript. We will share these in a bulleted format in the order that they appear. 
 
Abstract

Authors have included study setting (name of the institution/lab) in the purpose, which 
should be moved under methods.

○

In methods section of the abstract: Overall sample size has not been provided; however, 
authors have provided the year wise breakup.

○

No mention about the statistical method used has been made.○

Inclusion and exclusion criteria of the participants are missing.○

Please indicate whether the survey was web-based or paper and pencil?○

We are not sure what measure authors intend to indicate by 0.999, 0.869, 0.996, 0.853). Are 
these 95% CIs?

○

Overall, the abstract needs revisions to be able to stand alone.○

 Introduction
Introduction is concise and somewhat relevant. Authors have discussed the standard 
operating procedures (SOPs) and implications of not following them. However, it is very 
brief and includes only five references.  There is a need for more substantial literature base 
to support the necessity for the study.

○

The knowledge, attitudes, and practice (KAP) paradigm is an older version of health 
behavior research and the contemporary literature has moved to theory-based paradigms.  
Rationale for using the older KAP model needs to be explicated.

○

 Methods
Methodology particularly statistical analysis needs to be strengthened. Authors did not 
provide sample justification.

○

In the study design subsection: when this study was conducted?○

Please replace “study instrument” with “survey instrument”○

There is a no mention of the psychometric testing of the instrument, namely validity and 
reliability in the methods section. Cronbach’s alphas have been provided in the results 
which are only indicative of internal consistency.  How the face, content, and construct 

○
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validity of the instrument were assessed?  In their absence the results cannot be 
trustworthy.
Was test-retest reliability done? In its absence the results cannot be trustworthy.○

There is no mention of the type of sampling technique or justification of sample size by the 
researchers.

○

The reviewers wonder the rationale behind not using the gender question in the survey. It 
will be intriguing to know if there were any differences across gender.

○

Researchers could have formed two groups of students (Juniors vs. Seniors) to see if there 
are any differences? Why first year students were not included in the study? Please provide 
the rationale in the eligibility criteria.

○

It will be interesting to conduct a correlation test among the constructs of the survey, which 
is missing in the study.

○

How missing data were handled has not been mentioned?○

Please spell out abbreviations when first time used in the text. For example, SD○

 Results
We would encourage authors to use CHAMP guidelines 
(https://pubmed.ncbi.nlm.nih.gov/33514558/) for reporting.

○

In the headers of all the table, please indicate the sample size.○

Tables should be limited to only show correct response percentages instead of other 
answers.

○

Please add one more table of the correlation as suggested in the methods section above.○

 Discussion
We think justification to the important results have not been provided adequately. For 
example, authors have discussed previous studies related to antibiotic use, which we think 
is out of context.   

○

The discussion section is very weak and is not backed by sufficient literature review.○

Please add more on the potential value of this study.○

Several limitations remain unacknowledged, for instance generalizability, self-reporting bias 
etc.

○

The authors write, “The conclusion from the current study was mainly based on 
questionnaire data, which may not reflect evidence-based practice of both studied groups 
(students and employees).”  The words “evidence-based” are typically used for empirically 
tested interventions and their use in this context is somewhat confusing.

○

 
On, the whole, in our opinion, this manuscript is not suitable for indexing in its present form. 
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Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
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Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
No
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We confirm that we have read this submission and believe that we have an appropriate level 
of expertise to state that we do not consider it to be of an acceptable scientific standard, for 
reasons outlined above.
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The research article well planned and executed nicely with experimental designs. The introduction 
was brief and relevant to the work. Sampling method in general with multicentric experiment has 
accurately taken individual groups. Statistical methods followed has made the analysis more 
accurate. The presentation of the results is also good with tables at appropriate places. Discussion 
compared the results with available reports made more close to research data with level of 
significance. Literature were cited at respective places. 
 
There are few points to be noted before acceptance of the paper to be indexed:

Corrections made were highlighted and changes required are given here. (e.g. "Petri plates" 
- here, Petri is the name of scientist, so it should be in capital. 
 

○

Other corrections like capital word or, "et al." were also marked. In the tables remove the ○
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full stop at the end of title. Then % was there in all the numbers in the table 1-3 in the last 
column. Remove it from second line onwards as it is shown in headline.

After the minor corrections the paper can be accepted to be indexed.
 
Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
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If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
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Are the conclusions drawn adequately supported by the results?
Yes
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