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Abstract

Scientific and technological initiation programs are developed to introduce students to
scientific research and technological development. Our study aimed to evaluate
undergraduate students' research experience, self-perceptions, and scientific production
during one academic period. The study design was based on quantitative analysis of curricula
vitae, and an electronic survey was conducted on students enrolled in a Brazilian Midwest
Institute. The sample included 213 students (115 female, 54.0%) who participated in a
Brazilian undergraduate program (UR) — called Scientific Initiation (SI) — during the 2018-
2019 academic term. The students were divided into two groups according to their experience
in research: 110 (51.6%) students were experiencing their first time in a research program,
and 103 (48.4%) experienced students. The results showed that students who had participated
in research activities more than once perceived the benefits of SI more positively (p=0.047)
and demonstrated a greater volume of academic production than those who were participating
for the first time (p<0.001). Both groups agreed that experience in SI will contribute to better
academic performance in graduate programs (novices: 64.5%; experienced: 71.8%).
Furthermore, most participating students expressed their intention to continue their
involvement in SI (novice: 59.1%; experienced: 64.1%), indicating the positive trajectory of
Brazilian SI programs. In conclusion, undergraduate students who participate in UR
programs, as in Brazilian SI programs, contribute positively to academic production and
training by providing personal and professional benefits and the opportunity to produce
academic work that can help initiate academic careers.
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Introduction

Scientific research in the academic environment is crucial to a country's progress, and
educational institutions are responsible for promoting and facilitating this process (Zheng,
2023). From this perspective, encouraging research is essential for advancing scientific
knowledge and promoting technological innovation (Chen, 2021). One proven effective
mechanism is public policies such as undergraduate research programs (UR). These programs
play a crucial role in students' academic and professional development, and it is within the
power of educational institutions to enable them to become future researchers and scientists
(Daniels et al., 2016). Furthermore, when students are involved in scientific research and
technological development from an early age, a nation can reduce its dependence on other
countries. Therefore, it is crucial for educational institutions to actively involve students in
the UR by promoting these programs through outreach and leveraging digital and social
media platforms (Mahatmya et al., 2017).

Several countries have been increasingly committed to promoting programs that provide
students with enriching experiences in science and technological innovation. For example, in
recent decades, funding agencies in the United States have diversified programs focused on
Science, Technology, Engineering, and Mathematics (STEM), resulting in successful
academic UR initiatives aimed at underrepresented college students (Hernandez et al., 2018).
New Zealand is also an example of this movement, where research has become an
increasingly relevant component of undergraduate studies, benefiting students by providing a
wide range of developmental skills (Lopatto, 2010; Mantai et al., 2023; Mieg et al., 2022).

In the context of Brazil, UR programs are designed to involve students in scientific and
technological research during their school years to train qualified human resources (CNPq,
2006). These Brazilian programs are called Scientific Initiation (SI) and are offered by
educational and research institutions that have qualified professionals on staff to work in the
field of research, in addition to other requirements. Thus, SI programs are offered in various
forms, benefiting students from high school to the undergraduate level. The outcomes of
student experience in Sl include the structuring of postgraduate programs, success in
undergraduate research projects, the consolidation of research groups, and the promotion of
activities to disseminate researchers' results involving both faculty and students (Noll et al.,
2021). Given this, there is a latent responsibility, which invokes a sense of national pride and
promotes skills to deal with complex situations and challenges, leading to qualified actions in
the future (Melo et al., 2023).

While UR offers significant advantages to students, it is equally important to address the
obstacles that hinder their participation and lead to low engagement rates (Melo et al., 2023).
Barriers such as undervaluation of SI programs, excessive activities, and insufficient
infrastructure and resources can limit the effectiveness and reach of these programs (Costa et
al.,, 2024). However, overcoming these barriers can significantly broaden students'
perceptions of science and future careers, enhancing their intelligence and maturity (Amaya
et al., 2018). This underscores the need for higher education institutions to provide adequate
resources, quality guidance, and recognition to improve student engagement in these
programs (Melo et al., 2023). Moreover, participation in scientific research programs can
greatly influence and direct students to continue their academic careers and can influence the
construction of scientific identity (Ceyhan & Tillotson, 2020). By creating the conditions
necessary to expand the number of undergraduate students engaged in scientific research,



institutions can contribute significantly to the advancement of knowledge in various fields
(Melo et al., 2023).

Given the scarcity of research in Latin American countries, especially in Brazil, our study
aimed to fill this gap by evaluating the experiences of research students, their self-
perceptions, and their scientific production as a result of their involvement in Sl activities.
We employed a quantitative survey approach to gather data. The findings of this investigation
can significantly contribute to the understanding of the importance of UR programs for the
development of the next generation of scientists and researchers.

Study Design

This study is part of an umbrella study named the "Panorama of Undergraduate Research in
Brazil" (PUR-Bra study). The methodological design was based on quantitative analysis of
curricula vitae, and an electronic survey was conducted on students enrolled in a Brazilian
Midwest Institute. This research was approved by the Ethics Committee (Protocol CAAE No.
08499119.9.0000.0036, by consolidated opinion No. 3186828), and all participants consented
to participate voluntarily, according to Brazilian ethics legislation.

The research instrument was validated to assess the organization, objectivity, clarity, ease of
reading, and understanding of the content. The questions were analyzed using the Content
Validity Index (CVI), which measures the proportion of evaluators who agree on specific
aspects of the instrument (Alexandre & Coluci, 2011).

The target audience was students who were participating in an experience at UR during the
2018-2019 academic term. The sample was restricted to students who answered the survey
questionnaire. The students were divided into two groups according to their research
experience: students who were participating in a research program for the first time and
experienced students at UR.

The data were analyzed using descriptive and inferential statistics, by the software Statistical
Package for the Social Sciences (IBM™ SPSS™ Statistics), version 26 for Microsoft
Windows™ (IBM Corp., Armonk, N.Y., USA). Absolute numbers and percentages were used
for the descriptive analysis of the data. The Pearson’s parametric chi-square test (a = 0.05)
was used to calculate the chi-square (%) value (Henrique et al., 2022; Ugoni & Walker,
1995). To avoid statistical power loss, the last three answer options of some questions were
grouped together and classified as “very good”, “good”, and “indiferente/ partially/ totally
disagree” options (Melo et al., 2023).

The mean and standard deviation were used in the students’ scientific production, and the
normality of the data was assessed using the Kolmogorov—Smirnov test (Hazra & Gogtay,
2016). Given the non-normal distribution observed, we used a non-parametric test, the
Mann-Whitney U-test, to assess whether there was a statistically significant difference (a =
0.05) (Hazra & Gogtay, 2016; Leitdo et al., 2021).

Results and Discussion
The sample included 213 students (115 female, 54.0%), 110 (51.6%) students who were

novices in a research program, and 103 (48.4%) experienced students. The results showed
that students who had participated in research activities more than once perceived the benefits



of SI more positively (p = 0.047; see Table 1) and demonstrated a greater volume of
academic production than those who were participating for the first time (p < 0.001; see
Table 2).

Table 1: Students' perceptions of the benefits of SI.
Experience with SI

. Total Novice Experienced
Variables (N = 213) (N=110)  (N=103)  p-value
n (%) n (%) n (%)
a) Is the Sl important in undergraduate studies?
Totally agree 187 (87.8) 96 (87.3) 91 (88.4)
Partially agree 24 (11.3) 14 (12.7) 10 (9.7) 0.276
Indifferent, partially, or totally disagree 2 (0.9) 0(0.0) 2 (1.9)
b) Will your academic skit improve in the postgraduate stage due to this experience in SI?
Totally agree 145 (68.1) 71 (64.5) 74 (71.8)
Partially agree 62 (29.1) 33 (30.0) 29 (28.2) 0.047 *
Indifferent, partially, or totally disagree 6 (2.8) 6 (5.5) 0 (0.0)
¢) In the future, will you intend to apply to a postgraduate program?
Yes 152 (71.3) 76 (69.1) 76 (73.8)
No 11(5.2) 7(6.4) 4 (3.9) 0.635
Not sure 50 (23.5) 27 (24.5) 23 (22.3)
d) Do you intend to continue in the SI program?
Yes 131 (61.5) 65 (59.1) 66 (64.1)
No 30 (14.1) 12 (10.9) 18 (17.5) 0.093
Not sure 52 (24.4) 33 (30.0) 19 (18.4)
e) Could the Sl activities help you get a good job in the future?
Totally agree 126 (59.2) 62 (56.4) 64 (62.2)
Partially agree 65 (30.5) 35(31.8) 30 (29.1) 0.633
Indifferent, partially, or totally disagree 22 (10.3) 13 (11.8) 9 (8.7)

Note: N represents the number of participants; n represents the number of responses for an alternative to the
question. Mann-Whitney U-test (a = 0.05): * statistically significant difference. The last three answer options
of some questions were grouped together and classified as 'totally agree’, 'partially agree', and 'indifferent/
partially/ totally disagree' to avoid statistical power loss.

Table 2: Academic production of the students.
Experience with SI

Variables Novice Experienced p-value
M +SD M +SD
Scientific articles 0.07 £0.35 1.18 £3.02 <0.001 *
Scientific articles in English 0.03+£0.16 0.52 +1.53 <0.001*
Extended abstracts 0.90 £2.28 4,70 +5.54 <0.001 *
Abstracts 0.99 £2.09 4,75 +5.86 <0.001 *
All productions 2.10 £4.02 11.38 £12.89

Note: M and SD represent the mean and standard deviation, respectively. Mann-Whitney U-test (o = 0.05):
* statistically significant value.

Both groups agreed that experience in SI will contribute to better academic performance in
postgraduate programs (novices: 64.5%; experienced: 71.8%). Our findings align with
existing evidence that such experiences foster gains in independence and intrinsic motivation
to learn (Lopatto, 2007). The impact of UR experiences on students' competence in
postgraduate studies is notably positive, with research capacity being a strong predictor of
academic performance in postgraduate programs (Guo et al.,, 2021). Additionally,
involvement in UR significantly increases the likelihood of students pursuing scientific fields
and advancing to postgraduate school (Hernandez et al., 2018). Conversely, poorly managed
UR experiences can pose challenges for students in their graduate studies (Dolan & Johnson,



2010), underscoring the importance of ensuring these experiences are rewarding to develop
the necessary skills and competencies effectively (Wang et al., 2023).

Most participating students expressed their intention to continue their involvement in Sl
(novice: 59.1%; experienced: 64.1%), indicating the positive trajectory of Brazilian Sl
programs. These results are consistent with findings suggesting that students engaged in
multiple research cycles had significantly higher scientific production, including articles and
abstracts, than those participating only once, i.e., UR experiences contribute to cognitive and
personal growth (Hunter et al., 2007). In addition, our findings corroborate with another
study, showing that students' scientific productivity improves with more significant
experience in UR (Zydney et al., 2002).

Furthermore, the students engaged in multiple research cycles demonstrate significantly
higher scientific production, including articles and abstracts, compared to those with only a
single cycle. Thus, an extended engagement in UR results in a deeper understanding of
scientific research processes and developing essential skills for future scientists (Thiry et al.,
2012).

Like any other study, ours has some limitations that are important to report. Firstly, the
participants in our study belonged to a single Brazilian institution, which may have
influenced the results. Therefore, it is suggested that future studies address a larger target
audience and a broader context. Secondly, despite the researchers' efforts in this study's
original design, some potentially relevant variables, such as leadership capacity, level of
engagement, and sense of belonging, were only noticed after the data had been collected.
Finally, we highlight that the new results obtained by replicating this research could generate
insights that enable a better understanding of the evolution of public policies aimed at
academic and scientific training in Brazil, allowing more effective decisions to improve
them.

Conclusion

In conclusion, undergraduate students who participate in UR programs, as in Brazilian Sl
programs, contribute positively to academic production and training by providing personal
and professional benefits and the opportunity to produce academic work that can help initiate
academic careers. Based on the study's results, the information and knowledge gathered can
contribute to developing institutional strategies and actions to increase support for Brazilian
and UR programs in other countries.
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