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INTRODUCTION
The growing availability of devices for mobile learning (m-learn-
ing) has created new opportunities for teaching and assessment. 
With the development of smartphone apps based on audience 
response systems (ARSs), there is the possibility to quickly 
assess student knowledge. ARSs are common tools that teach-
ers can implement in classes, which can identify knowledge 
gaps, guide teaching, and enhance education. ARSs allow you 
to collect real-time responses from an audience during a les-
son. For this, both hardware and software, such as electronic 
devices called clickers and applications for smartphones, can be 
used. Socrative (MasteryConnect, Salt Lake City, UT, USA) is 
a convenient, free ARS app that can be downloaded to personal 
handheld devices and used by teachers and students. It can also 
be accessed directly online at socrative.com. The anonymity 

and simplicity of the process may be of interest to more intro-
verted students and may possibly reduce participation anxiety1,2. 
In the context of the coronavirus disease 2019 (COVID-19) 
pandemic, it is very useful as an online assessment tool. In fact, 
due to the COVID-19 pandemic, teaching practices were very 
limited, with classes and courses shifted to online platforms3-5.

The education of health professionals, including medical 
students, is an essential strategy for the control of tuberculosis 
(TB), enabling the early detection and adequate treatment of 
TB cases6. During the COVID-19 pandemic, TB teaching was 
impaired, and alternatives had to be sought. No studies to date 
have evaluated the use of an online assessment tool to evalu-
ate medical students’ knowledge of TB. Therefore, the aim of 
this study is to use Socrative to assess medical students during 
a class on TB during the COVID-19 pandemic.
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SUMMARY
OBJECTIVE: The growing availability of devices for mobile learning has created new opportunities for teaching. With the development of smartphone 

apps based on audience response systems, there is a possibility to quickly assess student knowledge. The education of health professionals, including 

medical students, is an essential strategy for tuberculosis control. In the context of the coronavirus disease 2019 pandemic, audience response 

systems are very useful as online assessment tools. The aim of this study was to use the audience response systems Socrative to assess medical 

students during a class on tuberculosis.

METHODS: This is a quasi-experimental before-and-after study, with pre- and post-tests carried out through the Socrative app, respectively, before 

and after a lecture on tuberculosis for medical students. Also, a cross-sectional study was carried out after the course to evaluate the participant’s 

satisfaction through an electronic, structured questionnaire with a Likert-type scale.

RESULTS: A total of 126 students were included in the study. The overall mean pre- and post-test scores were 5.98±1.59 and 8.37±1.36, respectively, 

with a statistically significant difference (p<0.0001). Almost all students were totally satisfied with the use of Socrative on pre- and post-tests.

CONCLUSION: This study describes how the use of Socrative in a tuberculosis class was well received by students. In addition, the baseline knowledge 

on tuberculosis was low in some topics, with some improvement after the lecture. These findings emphasize the need to further improve the students’ 

knowledge on tuberculosis and help instructors customize the lecture based on the gaps identified in the Socrative assessment.
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METHODS

Study design and location
We conducted a quasi-experimental before-and-after study, 
with pre- and post-tests carried out through the Socrative app, 
respectively, before and after a lecture on TB. Also, a cross-sec-
tional study was carried out after the course to evaluate the par-
ticipant’s satisfaction through an electronic, structured ques-
tionnaire with a Likert-type scale.

Medical students were recruited at the Hospital de Clinicas de 
Porto Alegre (HCPA), linked to the Faculty of Medicine of the 
Federal University of Rio Grande do Sul (UFRGS). The study 
was approved by the Ethics Committee at the Hospital de 
Clínicas de Porto Alegre (number 20190051). All participants 
signed an informed consent form prior to inclusion in the study.

Participants
Third-year medical students from the Faculty of Medicine of 
the Federal University of Rio Grande do Sul were included in 
the study. During the mandatory internship of these students 
in pulmonology, they have several lectures in the schedule of 
activities, including one on TB.

Lecture on tuberculosis and data collection

Organizational and methodological aspects
It was carried out through a lecture of about 30 min, including a 
pre-test to assess the participant’s current knowledge and a post-
test with the repetition of the pre-test questions immediately after 
the class to assess what participants learned in class. The tests  
contained nine questions. The objectives of the class were to update 
participants on the main concepts in TB patient care and to guide 
students about the actions taken with TB patients.

Content
The content to be covered included (1) TB: Concepts and 
Epidemiology; (2) Pathogenesis and Pathophysiology of TB; 
(3) Diagnosis of TB; and (4) Treatment of TB.

Technological aspects
To carry out the pre- and post-tests, the Socrative smartphone 
app (MasteryConnect, Salt Lake City, UT, USA) was used. 
To answer the questions, students accessed Socrative directly 
online or via the app.

Statistical analysis
Data analysis was performed using IBM SPSS Statistics for 
Windows, version 22.0 (Armonk, NY, IBM Corp.). Data were 

presented as the number of cases, mean±standard deviation 
(SD), or median with interquartile range (IQR). We mea-
sured learners’ baseline knowledge (pre-test) and knowledge 
upon completion of the learning modules (post-test). A score 
for the pre-test and a score for the post-test were calculated. 
The Wilcoxon test was used to assess if the learners increased 
their knowledge to a statistically significant degree. To com-
pare the number of correct answers in pre- and post-test ques-
tions, we used the chi-square test, using Yates’s correction if 
indicated, or Fisher’s exact test. A value of p<0.05 was consid-
ered statistically significant.

To calculate the sample size, we estimated a percentage of 
correct answers of 60% (before intervention) and 80% after 
intervention. Thus, considering a confidence level of 95% and 
a beta error of 0.20, at least 79 participants should be included.

RESULTS
During the study period (January 2021 to December 2022), 
126 students who met the inclusion criteria were invited and 
accepted to participate in the study. The mean age of students 
was 20.5±0.7 years, and 73 (57.9%) were females. The overall 
mean pre- and post-test scores were 5.98±1.59 and 8.37±1.36, 
respectively, with a statistically significant difference (p<0.0001). 
Table 1 shows the distribution of the frequency of correct 
answers in the pre- and post-tests.

At baseline, the frequency of correct answers was very low in 
some questions: BCG vaccine (51.6%), primary TB (35.7%), 
characteristics of TB in smokers (9.5%), and characteristics of 
TB pleural effusion (42.9%). The questions on primary TB 
and characteristics of TB pleural effusion remained with a low 
percentage of correct answers (57.1 and 48.4%, respectively).

Table 2 shows the distribution of frequencies and percent-
ages regarding the participants’ satisfaction with class on TB. 
The majority of students said that they were satisfied or totally 
satisfied with methodology (84.1%), class content (88.1%), 
content update (92.1%), and that learning focuses on sub-
jects of interest (92.1%). Almost all students were totally sat-
isfied with the use of Socrative on pre- and post-tests (97.6%).

DISCUSSION
In the present study, we demonstrated that almost all stu-
dents were totally satisfied with the use of Socrative in class. 
In addition, students’ baseline knowledge was low regarding 
the BCG vaccine, primary TB, characteristics of TB in smok-
ers, and characteristics of TB pleural effusion. After a class on 
TB, a significant improvement in knowledge was detected, 
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although some questions remained with a low percentage of 
correct answers.

Education and training on TB infection and disease are an 
important part of a TB infection control program7. Available evi-
dence suggests that the quality of training has a strong impact on 
the quality of care provided to patients. A minimum TB training 
should be standardized and incorporated into medical schools’ 
curricula, especially in setting with medium-high TB burden8.

During the COVID-19 pandemic, classes were online and, 
given the impossibility of conducting face-to-face assessments, 
online assessment tools became especially useful. In this context, 
Socrative stimulates student engagement during distant online 
teaching and allows teachers to conduct real-time assessments3-5. 
In addition, instant feedback on correct answers can be given 
to students, and teachers can identify gaps in knowledge and 
modify future lectures9. This is the case for some questions that 
remained with a low percentage of correct answers in the pres-
ent study. Providing feedback helps to establish an interactive 
learning environment10.

We showed that almost all students were totally satisfied 
with the use of Socrative in class. In fact, students found that 
ARS promotes a better environment for interaction and partic-
ipation in class11. Asking and receiving answers anonymously, 

without embarrassment, helps them participate more actively 
in class2,12,13.

Utilization of ARS during lectures has been shown to 
enhance learning and increase exam performance14,15. A pro-
spective, randomized controlled trial compared one group of 
residents who received ARS lectures with the other group who 
received traditional lectures. The authors found that there was 
21% improvement between pre- and post-test scores in the 
ARS lecture group and 2% improvement in the traditional lec-
ture group (p=0.018)16. In another randomized trial, radiology 
residents who used ARS integrated into the lecture had signifi-
cantly higher knowledge in a test performed on the day of the 
lecture and long-term retention 3 months later17.

This study has some methodological limitations. First, the 
study was conducted in a single center; however, we believe 
that these results may apply to other settings. Second, we did 
not include a control group, so we cannot presume that the 
changes in participants’ knowledge were attributable only to 
TB class and the use of Socrative. Finally, we did not formally 
assess the validity and reliability of the questions, since this 
requires a considerable number of stages and is time-consum-
ing and costly, and it is possible that we would not have been 
able to carry out the study at the height of the pandemic. 

Table 1. Distribution of frequency of correct answers in pre- and post-tests.

TB: tuberculosis; HIV: human immunodeficiency virus; LTBI: latent tuberculosis infection; BCG: bacillus Calmette-Guérin.

Pre-test
n (%)

Post-test
n (%)

p-value

Association between TB and HIV 95 (75.4) 107 (84.9) <0.0001

Characteristics of LTBI 96 (76.2) 108 (85.7) <0.0001

BCG vaccine 65 (51.6) 96 (76.2) <0.0001

Primary TB 45 (35.7) 72 (57.1) <0.0001

Post-primary TB 95 (75.4) 105 (83.3) 0.001

Association between smoking and TB (increased risk of TB infection and death) 92 (73.0) 115 (91.3) <0.0001

Characteristics of TB in smokers 12 (9.5) 93 (73.8) <0.0001

Characteristics of TB pleural effusion 54 (42.9) 61 (48.4) 0.114

TB diagnostic tests 96 (76.2) 106 (84.1) 0.001

Table 2. Participants’ satisfaction with class on tuberculosis.

Totally 
dissatisfied (%)

Dissatisfied (%) Satisfied (%)
Totally  

satisfied (%)

Methodology 0 (0) 1 (0.8) 19 (15.1) 106 (84.1)

Class content: relevance, suitability of content, and organization 0 (0) 0 (0) 15 (11.9) 111 (88.1)

Use of Socrative in pre- and post-tests 0 (0) 0 (0) 3 (2.4) 123 (97.6)

Content update 0 (0) 1 (0.8) 9 (7.1) 116 (92.1)

The learning focuses on subjects of interest 0 (0) 0 (0) 10 (7.9) 116 (92.1)

Data are presented as number (%). TB: tuberculosis.
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Despite these limitations, the findings of the present study 
highlight the importance of mobile technology and ARS in 
promoting more interactive lectures.

In conclusion, this study describes how the use of Socrative 
in a TB class was well received by students. In addition, the 
baseline knowledge on TB was low in some topics, with some 
improvement after the lecture. These findings emphasize the 
need to further improve the students’ knowledge on TB and 
help instructors customize the lecture based on the gaps iden-
tified in the Socrative assessment.
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