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Purpose: The incorporation of simulation-based learning activities is not a new 
concept in the field of medical laboratory science. Studies have shown that 
simulation experiences incorporated into academic curricula provide students 
with a safe learning environment while developing their skills and boosting self-
confidence. Currently, no studies are available in the literature related to 
exposure to or experience with Laboratory Information Systems (LIS) for Medical 
Laboratory Science students during their program coursework. This study focused 
on using an LIS to supplement the education of Medical Laboratory Science 
students at a large public university in the United States.  
Materials & Methods: The LIS simulation activity was integrated into the 
students’ hematology laboratory course during two separate sessions. The first 
part of the activity served as an introduction to the purpose and function of the 
LIS in the clinical laboratory. The second part focused on result entry and manual 
review of the hematology instrument into the LIS. To assess the effectiveness of 
the simulation activity, student responses from pre- and post-activity surveys 
were analyzed using the Wilcoxon signed-rank test and thematic analysis.  
Results: The results obtained from the Wilcoxon signed rank test showed a 
significant improvement in students' understanding of LIS functionality after 
completing part 1 of the activity. Results also indicated that students' 
understanding of how diagnostic tests are ordered in the laboratory significantly 
improved. Student responses were overwhelmingly positive when asked if 
students were looking forward to using this LIS for future laboratory courses.  
Conclusion: The LIS simulation activity effectively introduced students to the 
purpose and functionality of an LIS in the clinical laboratory. Future 
recommendations for research include incorporating additional simulation-based 
learning experiences into the curriculum to prepare students for workforce entry 
upon graduation from the program. 
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Introduction 
The incorporation of simulation-based learning 
activities is not a new concept in the field of 
medical laboratory science (MLS). Studies have 
shown that when simulation activities are 
incorporated into the curricula, student 
confidence and self-perception increase 
following the activity.1 Virtual simulation 
provides students with a safe learning 
environment where there can be no direct 
harm to patients.2 Although the incorporation 
of simulation has been on the rise in various 
areas of education, the inclusion of simulation 
in MLS education is still a growing area of 
study.3 The COVID-19 pandemic drastically 
changed the method of delivery for higher-
level education, in which most coursework was 
presented in a face-to-face format. E-learning 
education methods were adopted throughout 
many educational systems to protect students 
and the greater community against possible 
infection. Studies have shown that students 
had a positive perception of the e-learning 
format.4 E-learning has become widely 
adopted following the COVID-19 pandemic due 
to educators' positive results and students' 
positive perceptions of this method. Other 
studies have shown that synchronous distance 
education did not differ greatly from trad-
itional education, resulting in higher satis-
faction rates among students enrolled in these 
online courses in some cases.5 A flexible 
learning environment allows students to take 
in material at their own pace, without the 
stressors of time and space constraints. As e-
learning methods continue to expand in health 
science curricula, there is a growing need to 
provide students with a new way to learn 
material away from the classroom. Simulation-
based laboratories may provide the solution to 
fill the gap when students are not actively 
engaged in a traditional classroom setting. 

Simulation is a method to expose students 
to concepts that can be further elucidated in a 
real-world scenario. These simulation experi-
ences have become quite advanced, providing 
students with an effective means of honing 
their skills online, incorporating the concepts 

of e-learning and laboratory simulation.2,6 Exp-
eriential learning through practice with simu-
lation has been recommended for students in 
the field of nursing as preparation for new 
graduates.7 The concept of simulation has be-
en shown throughout the literature as an effe-
ctive means of enhancing student knowledge, 
and it can be a valuable tool to support student 
retention and lead to higher exam scores.8  

No studies related to Laboratory Infor-
mation System (LIS) exposure or experience for 
MLS students during program coursework were 
found in the literature. While students may 
feel ready to engage with new and different 
technology, their understanding of the use of 
technology in a hospital setting and medical 
laboratory is extremely limited. Feedback 
from prior graduates indicated a need for more 
information and experience related to the 
purpose and use of an LIS before their clinical 
practicum experience. This study focuses on 
the effectiveness of an LIS simulation to 
supplement the education of senior MLS 
students. 

 

Materials and Methods 
The Institutional Review Board approved this 
project (STUDY00019137). A simulation active-
ty using the LIS was developed and integrated 
as part of the coursework for the hematology 
laboratory course. Students completed prepa-
ratory work online and then engaged in a 
hands-on LIS simulation activity during two 
separate laboratory sessions. The first part of 
the activity introduced students to the LIS and 
pre-analytical components of the laboratory 
exercise, where students were tasked with 
creating a requisition, documenting the collec-
tion time of their specimen, and printing a 
laboratory barcode label. The second part inv-
olved post-analytical components of the lab-
oratory exercise, which was a continuation of 
the first part of the LIS simulation activity, 
where students used the LIS to manually enter 
and review patient results. Both parts of the 
LIS simulation activity were accompanied by a 
short video and a written procedure that the 
students were instructed to review before 
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attending the laboratory session associated 
with each part. The video for part 1 and part 2 
of the simulation LIS activity, along with the 
written procedure for each part, demonstrated 
how to use our LIS program and provided 
additional information on the functionality of 
LIS. The goal of providing materials for stud-
ents before the lab session was to help them 
feel prepared and more comfortable using the 
LIS, having already been exposed to it through 
video presentations and written procedures.  

The effectiveness of the preparatory work 
and the overall simulation experience were 
assessed using a mixed methods approach. 
Survey questionnaires were developed using 
QualtricsTM to assess students’ understanding 
of the role of the LIS in the medical laboratory. 
Relevant research studies on student perc-
eptions of simulation activities in health or 

science courses were used to guide the 
development and design of the pre and post-
surveys, including how the survey questions 
were written and presented to the stud-
ents.1,2,9 Pre- and post-activity surveys were 
integrated as part of the coursework for the 
students currently enrolled in the hematology 
didactic course. The surveys were developed 
for the course to understand prior student 
experience and their understanding of LIS in 
the laboratory and assess their learning and 
confidence using it following the simulation 
activity. These surveys followed a five-point 
Likert scale, with five indicating a response of 
strongly agree and one indicating a response of 
strongly disagree. Surveys also included open-
ended questions where students could provide 
additional information about their experience 
in the LIS simulation. 

 
Table 1: Wilcoxon Signed Rank Test of Student Responses 
This table shows selected questions from pre- and post-activity surveys, Z-scores, and corresponding p values. 
 Negative Ranks Positive Ranks 

 
   

 n Mean 
rank 

Sum of 
ranks 

n Mean 
rank 

Sum of 
ranks 

Ties Z p 

(Activity helped me under-
stand purpose/ function 
after Part 1)-(Before Part 1) 

2 6 12 20 12.05 241 6 -3.788b <0.001a 

(LIS activity helped 
select/order tests after Part 
1)-(Understanding lab test 
ordering before Part 1) 

3 8.67 26 22 13.59 299 3 -3.725b <0.001a 

(Self-confidence after Part 
2)-(After Part 1) 

4 11.25 45 13 8.31 108 11 -1.576b 0.115 

(Desire to use LIS after Part 
1)-(Before part 1) 

5 5 25 4 5 20 19 -0.333c 0.739 

(Understanding reference 
ranges after Part 2)-(Before 
Part 2) 

17 10.94 186 3 8 24 8 -3.189c 0.001a 

(Activity helped better 
understand LIS after Part 2)-
(After Part 1) 

2 5.5 11 9 6.11 55 17 -2.138b 0.033a 

(Understanding of Critical 
Values after Part 2)-(Before 
Part 2) 

17 10.29 175 2 7.5 15 9 -3.386b <0.001a 

(Desire to use LIS after Part 
2)-(After Part 1) 

5 5.5 27.5 5 5.5 27.5 18 0.000d 1 

a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks 
c. Based on positive ranks 
d. The sum of negative ranks equals the sum of positive ranks 
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Due to the small sample size and non-para-
metric nature of the data, analysis was 
performed using the Wilcoxon signed-rank test 
through the statistical analysis software IBM 
SPSS (v 28). A total of 29 students were 
enrolled in the course and participated in the 
LIS simulation activity. However, one student 
was excluded from this study as they had not 
completed all the assigned surveys as part of 
the course requirements, so the sample size 
for this study was 28 students. 
 

Results 
Prior to data analysis, inclusion criteria were 
established. Data was de-identified to allow 
for correlation of student responses between 
the pre and post-survey data. Students who did 
not complete all assigned pre and post-surveys 
related to the LIS simulation were excluded 
from any data analyses. The final sample size 
for this project included 28 students. 

Students responded very well to the activ-
ity, and they demonstrated an improved und-
erstanding of the value of the LIS in the 
laboratory and a desire to use it for future 
laboratory activities, as shown in Table 1. In 

particular, there was a significant improve-
ment in their understanding of the purpose and 
function of the LIS, laboratory test ordering 
processes, and their understanding of refe-
rence ranges and critical patient results. The 
majority of students found the simulation 
activity useful and agreed that it integrated 
well into the hematology laboratory course 
(Table 2).  

 

The surveys assigned to the students as part of 
the laboratory course also included open-
ended questions where feedback on the LIS 
simulation activity could be provided. Many of 
the students touched on similar themes. 
Students particularly enjoyed the manual 
entry of their complete blood count (CBC) 
results, allowing them to apply the concepts 
they learned in their MLS lecture courses in the 
laboratory. Many students mentioned that the 
length of time between both parts of the 
activity may have been detrimental to their 
learning, suggesting that the two parts be 
scheduled in a closer timeframe. Other stud-
ents suggested working with multiple samples 
instead of one, which would provide additional 
evidence to evaluate students’ comfort level 
working with the LIS 

 
 
Table 2: Median Student Responses to Survey Questions 
Students responded to survey questions using a Likert scale, with 5 indicating strongly agree and 1 
indicating strongly disagree. Most students agreed the activity was useful and integrated well with 
the hematology lab session. 
Survey Question Median ± SEM (IQR) 

–  
Survey Question 

I am looking forward to using this LIS for my future 
laboratory courses in the MLS program 

4 ± 0.107 (1) 4 ± 0.107 (1) 

The pre-lab handout and tutorial video effectively 
prepared me for the LIS activity  

4 ± 0.104 (0.25) 4 ± 0.108 (1) 

The LIS simulation experience integrated well with 
the laboratory course material 

4 ± 0.104 (1) 4.5 ± 0.109 (1) 

The LIS simulation experience helped my self-
confidence as a future MLS 

4 ± 0.166 (1) 4 ± 0.132 (1) 
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Discussion 
In general, students responded very well to the 
LIS simulation activity. Participation in the 
activity significantly improved students’ und-
erstanding of the purpose and function of the 
LIS in laboratory practice. Regarding the self-
confidence ratings in their skills as Medical 
Laboratory Scientists, student opinions did not 
differ much between both parts of the 
simulation activity. Students felt confident in 
their skills, as noted during the simulation 
activity. The MLS faculty indicated that the 
students appeared well-prepared to complete 
the simulation activity, and their responses to 
the pre-activity materials were also positive. 

Limitations of this study include the sample 
size and time constraints. This simulation 
activity involved 28 students in a Medical 
Laboratory Science program. Future recom-
mendations include expanding this study to 
incorporate additional universities and MLS 
programs to increase the sample size. Another 
limitation was not validating the surveys used 
to assess student learning outcomes due to 
time constraints associated with the project. 
Survey questions for the pre and post-sim-
ulation assignments were developed using pre-
vious research studies as a guide. Validation of 
these surveys in the future may help stand-
ardize student responses and minimize any 
confusion students may have had regarding 
questions. Obtained results in this study may 
have also suffered from distortion effects, such 
as central tendency bias or social desirability 
bias. Different survey methods may also be 
explored in the future to mitigate any 
perceived biases by students in their resp-
onses. 

Many students mentioned that the length of 
time between both parts of the activity (3 
weeks) may have been detrimental to their 
learning and suggested that the two parts be 
scheduled in a closer timeframe. Other stud-
ents suggested working with multiple samples 

instead of on a single sample, providing 
additional evidence to evaluate students’ com-
fort level working with the LIS. 

Students provided valuable feedback and 
suggestions to improve the activity and 
assignments for future students in the course. 
The data demonstrated that most students 
agreed that the activity incorporated well into 
their current MLS program curricula. Most 
students agreed that the opportunity to 
engage in the LIS simulation activity improved 
their confidence in using an LIS and helped 
them look forward to future opportunities 
using it. 

 

Conclusion 
The findings suggest that incorporating a 
simulation-based learning activity to introduce 
students to the purpose and function of an LIS 
was effective. 
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