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The growing number of students in higher education has raised challenges in inclusion and equity due to the diversity of students’ backgrounds and entry-level skills. Educational institutions must adapt teaching-learning strategies to ensure the achievement of learning outcomes. In this context, Information and Communication Technologies (ICTs), combined with gamification, offer tools like Labster™, which enable interactive scientific simulations and promote active learning. This study used a quasi-experimental design with self-selected participation to evaluate the impact of Labster in a “Biological Foundations of Psychology” course across nine nationwide sections. The sample consisted of 315 first-year Psychology students, 237 in the experimental group and 78 in the control group. Given the non-normal distribution of academic data (Shapiro-Wilk test, p < 0.05), non-parametric tests were applied. A Kruskal-Wallis test on learnng gain (final minus initial grade) showed that students using Labster achieved significantly greater academic improvement than the control group (H = 12.347, p = 0.00004). A multiple linear regression, controlling for baseline performance (cat_1, ej_1, ta_1), confirmed that participation in the intervention predicted higher final grades (β = 0.3891, p = 0.0053; adjusted R2 = 0.216). No significant differences were found between the two types of simulations used (Kruskal-Wallis, p = 0.2814). A perception survey was administered to 237 Labster users, of whom 87 responded (response rate: 36.7%). The results revealed positive evaluations regarding usability, academic relevance, and motivational impact. In summary, Labster-based virtual simulations enhance academic performance and individual progress in scientific learning among psychology students, especially in diverse and non-science-oriented populations.
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1 Introduction

The massification of access to higher education has experienced sustained global growth since the outset of the twenty-first century (United Nations Educational Scientific and Cultural Organization [UNESCO], 2020). This phenomenon has enabled individuals from increasingly diverse socioeconomic, cultural, and academic backgrounds to enter universities, leading to profound institutional transformations. One of the principal consequences of this expansion has been the rise in student heterogeneity, thereby introducing new challenges concerning educational quality, inclusion, and equity (Saiz Sánchez et al., 2020). The increasing diversity in academic abilities, prior preparation levels, and learning styles has compelled higher education institutions to flexibilize their teaching and learning methodologies, seeking adaptive strategies that promote academic success without compromising quality standards (Noui, 2020). In this context, the incorporation of ICTs has emerged as a fundamental pillar for addressing these challenges, facilitating the personalization of learning and broadening access to innovative educational experiences (Keshavarz and Mirmoghtadaie, 2023).

The continual evolution of ICTs has profoundly reshaped educational processes, fostering the development of new collaborative and individual learning environments that promote the acquisition of both disciplinary and transversal competencies (Mariaca Garron et al., 2022; García-Sánchez et al., 2018). This phenomenon has encouraged the proliferation of active learning approaches, wherein students assume a central and participatory role in constructing their own knowledge through interactive and reflective activities. Within this wave of pedagogical innovation, gamification has emerged as a particularly effective strategy for enhancing student motivation and engagement. Defined as the integration of game-design elements into non-gaming contexts (Irwanto et al., 2023), gamification seeks to transform educational experiences into more attractive and meaningful processes. Recent empirical evidence substantiates that its implementation, both in online and face-to-face modalities, augments intrinsic motivation, fosters academic satisfaction, and promotes the adoption of deep learning strategies (Aşıksoy, 2018; Asiksoy and Canbolat, 2021; Bencsik et al., 2021; Aguiar-Castillo et al., 2021).

Furthermore, the impact of gamification and virtual simulations can be theoretically supported by the cognitive load theory (Sweller, 1988), which proposes that instructional designs must optimize the cognitive resources of learners. By breaking down complex scientific processes into manageable segments, virtual laboratories such as Labster can reduce extraneous cognitive load and promote germane load, facilitating more efficient learning. More specifically, recent studies have demonstrated that gamification through immersive virtual simulations not only increases student motivation but also significantly enhances learning outcomes, particularly when virtual reality technologies are employed to foster sensory and cognitive immersion (Tsirulnikov et al., 2023). The application of dual coding theory (Clark and Paivio, 1991) further elucidates these outcomes, postulating that the simultaneous activation of verbal and visual coding systems strengthens memory retention. In the context of Labster, the integration of textual explanations, visual animations, and interactive tasks promotes dual coding, thereby enhancing the encoding and retrieval of complex biological knowledge.

In addition, the framework of student engagement theory (Fredricks et al., 2004) provides a lens to understand the effects observed. Engagement, conceptualized through behavioral, emotional, and cognitive dimensions, is critically enhanced through gamified simulations, which encourage active participation, emotional involvement, and cognitive investment in learning activities.

Virtual laboratories represent a tangible manifestation of these technological innovations, enabling students to engage with scientific concepts and procedures within controlled digital environments (Akinola and Oladejo, 2020). Such tools transcend the physical limitations of traditional laboratories by eliminating barriers associated with cost, specialized equipment, and the inherent risks of certain experimental practices (Byukusenge et al., 2022; Kennepohl, 2021; Potkonjak et al., 2016).

Empirical studies have demonstrated that virtual laboratories not only bolster students’ motivation and autonomy but also reinforce conceptual understanding and facilitate the transfer of knowledge to practical contexts, provided that they are grounded in robust pedagogical frameworks (de Vries and May, 2019). Nonetheless, there is widespread consensus that virtual laboratories should be conceived as complementary rather than as absolute substitutes for real experimental experiences, particularly in disciplines that necessitate the development of fine procedural skills (Navarro et al., 2024). Within this context, Labster has emerged as a leading platform in the domain of gamified scientific simulations. With a portfolio of over 250 simulations across fields such as biology, chemistry, physics, and biotechnology, Labster offers immersive scenarios wherein students can conduct experiments, solve scientific problems, and apply theoretical knowledge in simulations that faithfully emulate real-world conditions (Tripepi, 2022; Navarro et al., 2024).

Empirical evidence consistently confirms that the use of Labster enhances student motivation, self-efficacy, knowledge retention, and academic performance, in both desktop-based and highly immersive virtual reality environments (Tsirulnikov et al., 2023). Furthermore, students frequently report positive evaluations concerning the platform’s usability, the academic relevance of its simulations, and its contribution to fostering autonomous learning practices. However, the effectiveness of such tools may vary according to the disciplinary background of the student body. Traditionally, students enrolled in scientific programmes exhibit greater affinity for laboratory simulations. Conversely, in disciplines such as Psychology, where engagement with basic sciences tends to be less direct, it becomes imperative to explore how the implementation of these technologies might impact student motivation, academic performance, and perceptions of the learning process.


1.1 Purpose and contribution of the study

The principal contribution of this study lies in the innovative application of the Labster platform within the academic context of a Biological Foundations course for first-year Psychology students. Although Labster has proven effective in teaching natural and biological sciences, its implementation in a course aimed at first-year Psychology students—approximately 70% of whom are first-generation university attendees—represents a significant educational innovation.

This research provides new insights into how digital simulation tools, originally designed for scientific education, can enhance the understanding of biological concepts among diverse student populations. By exploring this application, the study contributes to pedagogical innovation, demonstrating how immersive virtual laboratories can foster active and autonomous learning. Moreover, the study highlights the potential of digital simulations to reduce educational inequalities by offering accessible, high-quality learning experiences, in alignment with international objectives for equitable and inclusive education (UNESCO, 2023; OECD, 2021). By situating the use of Labster within a mass higher education context, the study reinforces the role of emerging technologies in narrowing gaps related to technological access and learning opportunities. This work comprehensively evaluates the impact of Labster on teaching practices, focusing on academic performance and students’ perceptions regarding the platform’s usability and relevance. Ultimately, the study seeks to inform and enhance pedagogical strategies in higher education, particularly in contexts where digital transformation and educational innovation are essential to ensuring more equitable, accessible, and competency-oriented learning environments.




2 Materials and methods


2.1 Sample description

The sample consisted of 315 first-year Psychology students enrolled in the “Biological Foundations of Psychology” course at Universidad de Las Américas, distributed across three university campuses. The educational intervention, implemented during the first academic semester of 2023 (2023–10), involved a mixed pedagogical strategy combining laboratory simulations through the Labster platform and traditional face-to-face activities. All three groups — experimental (Labster users) and control — had equal access to the same face-to-face classes throughout the semester. The experimental group, consisting of 237 students, voluntarily participated in the use of the Labster platform after giving their informed consent. Specifically, 130 students used the simulation “Gross Function of the Nervous System: Let your brain learn about itself “ (Labster A), and 107 used “Sensory transduction: Learn why you feel pain when you get hit by a rock” (Labster B). The control group, consisting of 78 students, voluntarily chose not to use the virtual simulations but still attended the same face-to-face sessions. Thus, the key distinction between the groups was the additional opportunity to complete Labster simulations asynchronously, outside of class hours, while all students participated in the same scheduled face-to-face educational activities.

To evaluate baseline academic performance before the implementation of the intervention, students completed an initial in-class workshop (ta_1) and a test (ej_1) focused on foundational content during the first weeks of the course. Additionally, they took an initial written exam (cat_1) within the first month. These three assessments served as initial academic indicators to compare the control and experimental groups before the intervention and were later used to calculate net learning gains based on the final exam scores (cat_4).



2.2 Design and architecture of the educational intervention

The design of this educational intervention was carefully structured to measure the impact of virtual laboratories in the face-to-face course “Biological Foundations of Psychology”, taught at the University of the Americas. As summarized in Figure 1, the intervention was proposed as a complementary strategy to the usual development of face-to-face classes, and focused on the implementation of two virtual activities through the scientific simulation platform Labster© (Somerville, MA, United States), which were aligned with the learning outcomes of the last unit of the course (unit IV). The course maintained its face-to-face structure, where all students regularly attended classes. However, as part of this complementary intervention, Labster virtual laboratories were introduced, which students had to complete asynchronously, outside of class hours. These laboratories were not a replacement, but an optional and additional resource, designed to offer interactive exposure to biological concepts addressed in the classroom. In this sense, two types of virtual laboratories called Labster A and Labster B were implemented, each with slightly different approaches in terms of practical content, but both aligned with the same learning outcomes of the subject. The educational intervention was deployed during the last part of the semester, after the completion of the first three units of the course, and coinciding with the development of Unit IV, which introduced new theoretical content not previously evaluated.
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FIGURE 1
Flowchart summarizing the virtual intervention (Labster) and the analyses performed in the study.


The study design included two levels of comparison. First, a comparison was made to evaluate the overall impact of using the Labster platform with 237 students who completed virtual laboratories A or B (experimental group) and 78 students who did not complete the virtual activities (control group). This general comparison allowed us to assess whether access to the simulations was associated with differences in performance on the final exam (cat_4), which measured the learning outcomes of Unit IV. Additionally, the equivalence between the experimental and control groups at baseline was assessed through the analysis of three initial academic performance measures: the score on the first workshop (ta_1), the initial exam score (cat_1), and the first test (ej_1). Given the differences found in these initial measures, the analysis strategy incorporated the use of multivariate models to control for baseline performance and isolate the effect of the intervention.

In a second stage of analysis, it was more specifically evaluated whether there were differences between students who completed Labster A (130 students) and those who completed Labster B (107 students). This analysis allowed us to observe whether the different types of virtual laboratories differentially influenced student performance, or whether both approaches were equally effective in achieving the expected learning outcomes. Importantly, this final assessment (cat_4) focused on new content that was not included in the initial evaluations. These new topics were addressed during face-to-face sessions for all students, and additionally made available to the experimental group through Labster simulations, as part of the educational intervention. Furthermore, individual learning gain throughout the course was estimated by calculating the difference between the initial exam score (cat_1) and the final exam score (cat_4) for each student, providing an additional metric of academic progress related to the intervention. Finally, the students’ perception of the use of Labster was evaluated, where only the students who participated in the virtual activities had the option to answer a perception survey regarding their experience, using a previously validated instrument that measured the dimensions of usability, academic relevance, and motivation/satisfaction with the use of Labster.



2.3 Questionnaire design

The Assessment Instruments (AI) used in this study were developed from question banks carefully prepared and refined over several semesters of application. These question banks were developed following an approach based on specification tables, which clearly described the expected learning outcomes for students. For their development, Bloom’s taxonomy was used as a learning reference framework, which served as a guide to ensure that the questions were aligned with the cognitive levels of “remembering” and “understanding.” The process of developing and validating the questions was exhaustive and included the active participation of the entire teaching team. Under the supervision of an academic leader of the subject, all questions were reviewed to ensure their validity and reliability. This collaborative approach ensured consistency in the assessments and equity in measuring student performance. The AIs were composed of both single-choice and written-response questions, with a total of 30 alternative questions and one written question per assessment in the final evaluation (cat_4). The initial exam 1 (cat_1) shared a similar structure and response format, facilitating structural comparability between initial and final assessments. However, in accordance with Bloom’s taxonomy, the cognitive demand of the questions was expected to evolve throughout the course, progressively transitioning from lower-order thinking skills (remembering) to higher-order skills (understanding). In contrast, the initial assessments ta_1 and ej_1 corresponded to different types of academic activities, oriented toward formative tasks and other learning processes, and therefore differed in format and structure from the final examination. Finally, the data obtained were organized and stored in Excel databases, which facilitated the quantitative analysis of the results and the subsequent comparison of the study groups.



2.4 Perception survey

To assess students’ perceptions of the use of Labster simulations in their learning, a perception survey was designed. The survey was subjected to a content validation process using Aiken’s V coefficient. This method was used to assess the validity of the items according to the assessments of a panel of 14 expert judges. The judges evaluated each item on a scale of 1 to 4, where 1 represents “completely disagree” and 4 “completely agree.” Only items that reached an Aiken V value greater than 0.80 were selected, indicating a high degree of consensus among the judges regarding the relevance of the items (Maulita et al., 2019).

The final survey consisted of 11 items, organized into three key dimensions: (1) Usability, which assessed the ease of access and navigation through the platform; (2) Academic relevance, focused on the relationship of the simulations with the course content and their application in practical contexts; and (3) Motivation and satisfaction, which measured the interest and enjoyment generated by the use of Labster, as well as the willingness to recommend its use. In addition to the theoretical construction of these dimensions, an exploratory factor analysis (EFA) was conducted to evaluate the internal structure of the instrument. The analysis used the principal components method with Varimax rotation. The Kaiser-Meyer-Olkin (KMO) index was 0.90, and Bartlett’s sphericity test was significant (χ2 = 1161.62; p < 0.001), indicating the adequacy of the data for factor analysis. Although an initial one-factor solution showed a high explanation of variance, the three-factor model aligned more appropriately with the theoretical foundation and revealed interpretable groupings of items consistent with the predefined dimensions. To assess internal consistency, Cronbach’s alpha was calculated for each dimension, yielding excellent reliability: Usability (α = 0.90), Academic relevance (α = 0.93), and Motivation/Satisfaction (α = 0.95).

The survey was administered online through the Google Forms platform at the end of the students’ participation in the simulations. The students declared their voluntary participation, indicating their willingness to complete the questionnaire. For each item, the survey presented response options using a 5-category Likert scale, where the options were: (1) Completely disagree, (2) disagree, (3) neither agree nor disagree, (4) agree, and (5) Completely agree. At the end of the survey there was a comments section in case the student wanted to leave any.



2.5 Statistical analysis

To assess the impact of an educational intervention based on virtual simulations (Labster) on the academic performance of university students, a multivariate statistical approach was applied. Given the non-random nature of the quasi-experimental design, the Shapiro-Wilk normality test was applied to the baseline academic performance variables to verify the assumptions required for parametric tests. Since the variables did not follow a normal distribution, the non-parametric Kruskal-Wallis test was used to evaluate the general initial homogeneity between the control and experimental groups regarding initial workshop 1 (ta_1), initial test (ej_1), and initial exam (cat_1). Additionally, to compare the distributions of the evaluations between the two groups, the Mann-Whitney test was applied. The significance criterion used was a p-value < 0.05. In all cases, the H or U statistic, as appropriate, and the associated p-value were reported as indicators of significance.

For the analysis of the effect of the educational intervention on the final academic performance (cat_4), a multiple linear regression model was constructed. This model included baseline grades (ta_1, ej_1, cat_1) and group membership (control or experimental) as predictor variables. The inclusion of these covariates allowed for statistical control of pre-existing differences in academic performance, minimizing potential selection biases. A significance level of p < 0.05 was considered for all coefficients, and standardized beta coefficients (β), p-values, the model F-statistic, and the R2 coefficient were reported as indicators of the model’s fit and explanatory power. To evaluate the internal consistency of the final evaluation instrument (cat_4), the Cronbach’s alpha coefficient was calculated, yielding a value of 0.87. This result indicates a high reliability of the instrument for measuring student performance.

In the descriptive analysis of the student perception survey, absolute and relative frequencies of the responses for each of the categories of the 11 items of the instrument were calculated and presented, with the goal of quantitatively characterizing the participants’ perceptions. For the structural validation of the perception instrument, an exploratory factor analysis (EFA) was conducted using the factor analysis library in Python. This analysis was implemented to identify the latent structures underlying the responses and assess the construct validity of the instrument. The KMO (Kaiser-Meyer-Olkin) index was used as an indicator of sample adequacy, and the Bartlett’s sphericity test (χ2 and its p-value) was used to evaluate the feasibility of factor analysis. A KMO > 0.80 and p < 0.05 in the Bartlett test were adopted as criteria for acceptability. Additionally, Cronbach’s alpha coefficients were calculated for each identified dimension, with a value greater than 0.90 considered an indicator of excellent internal consistency, according to the psychometric standards proposed by (Nunnally and Bernstein, 1994). All statistical analyses were conducted using Python 3.11, with the scipy, statsmodels, and pandas packages.



2.6 Ethical approval and consent to participate

This research was approved by the scientific committee of the Universidad de Las Américas, guaranteeing high ethical and scientific standards. In relation to the perception survey, students were informed that participation was voluntary, that no personally identifiable information would be collected, and that all responses would remain anonymous. Data collection was conducted online through secure institutional platforms, ensuring the encryption and restricted access of the information. Confidentiality and anonymity were strictly maintained throughout the study, in compliance with current data protection regulations.



2.7 Theoretical framework

The selection of literature for this review followed a narrative approach, focusing on peer-reviewed studies and official international reports published between 2014 and 2024, identified through databases such as Scopus and Web of Science. The focus was on works addressing virtual laboratories, gamification, digital equity, and competency-based education.




3 Results

The results of the study are presented in two main sections. First, the academic performance of the students is analyzed, comparing those who participated in the educational intervention with virtual simulations (Labster) (experimental group) with those who did not use it (control group). This section includes both initial performance comparisons between the groups and multivariate analyses that isolate the specific effect of the intervention, as well as internal comparisons between the different types of Labster used (A and B). Second, the results of the student perception survey are presented, which evaluates the subjective experience of the participants with the Labster tool, addressing dimensions such as usability, academic relevance, motivation, and overall satisfaction with the intervention.


3.1 Analysis of academic performance based on the educational intervention with Labster

To verify the homogeneity between the control group (n = 78) and the experimental group (n = 237) prior to the implementation of the educational intervention, non-parametric tests were applied to three baseline academic performance variables: initial workshop 1 (ta_1), initial exam (cat_1) and initial test 1 (ej_1). First, the Kruskal-Wallis test was used due to the non-normal nature of the data (determined by the Shapiro-Wilk test) and the ordinal nature of the variables. The results indicated statistically significant differences between the control group and the experimental group in all three initial measures (ta_1: H = 24.34, p < 0.0001; cat_1: H = 6.61, p = 0.0102; ej_1: H = 19.35, p < 0.0001). Additionally, the Mann-Whitney test was applied to confirm these differences between the two groups, yielding the following U statistics: ta_1: U = 5573.000; cat_1: U = 7092.000; ej_1: U = 5883.000. These results show a lack of baseline equivalence between the study groups (Figure 2A), which justified the need to use multivariate analyses that consider these initial differences, in order to avoid bias in estimating the effect of the intervention.
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FIGURE 2
(A) Comparison between the control group (n = 78) and the experimental group (n = 237) on three assessments conducted at the beginning of the course using the Mann-Whitney test. The results show the standard dispersion of the data for the variables ta_1, cat_1, and ej_1. (B) Multiple linear regression analysis to predict the final grade (cat_4) using the variables cat_1, ej_1, ta_1, and group as predictors. The model was evaluated using the F-statistic, and the p-value is reported to determine the significance of the included variables.


To estimate the specific effect of the Labster-based educational intervention on the students’ final exam (cat_4), a multiple linear regression model was fitted, which included baseline grades as covariates (cat_1, ej_1, and ta_1), along with group membership (control or experimental). This approach allowed for statistical control of the initial heterogeneity between the groups and isolated the specific effect of the intervention. The model showed a statistically significant relationship [F(4, 301) = 21.95, p < 0.0001], with an R2 coefficient of 0.226 and an adjusted R2 of 0.216, indicating that approximately 21.6% of the variance in the final grade can be explained by the variables included in the model (Figure 2B). Within the model, group membership (experimental group) acted as a significant predictor of final performance (β = 0.3891, p = 0.0053), indicating that participation in the educational intervention was associated with improved academic performance, even after adjusting for initial differences. Furthermore, the initial grade (cat_1, p < 0.001) was identified as a significant predictor of final performance, suggesting that students with better initial performance tended to achieve higher final grades. Workshop 1 (ta_1), which corresponds to the average of 2 Labster virtual activities on the platform (ta_1, p = 0.0042), was also a significant predictor, with a positive effect on final performance. In contrast, the first evaluation (ej_1) showed no statistically significant association (p = 0.9148).

Finally, in order to evaluate individual progress throughout the course, the difference between the initial grade (cat_1) and the final grade (cat_4) of each student was analyzed as a measure of relative learning gain. This analysis was complemented by the Kruskal-Wallis test, due to the non-normality of the difference variable. The results revealed that students in the experimental group showed a significantly higher average improvement than those in the control group (H = 12.347, p = 0.00004), which indicates that the intervention not only impacted the final outcome but also induced a greater positive change in academic performance throughout the course (Figure 3A). This relative gain reinforces the argument that the use of virtual simulations not only improves final results but also effectively enhances individual learning, which is particularly relevant from a pedagogical and formative perspective. Finally, an analysis within the experimental group was conducted to assess the differences between students who used Labster A and Labster B, with no significant differences found in academic performance between the two groups, P = 0.2814 (Figure 3B). This finding suggests that the two versions of the simulations are equivalent in terms of the content assessed, reinforcing the idea that the specific type of simulation is not the determining factor, but rather the widespread use of the virtual tools themselves.
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FIGURE 3
Comparison of academic gain between the control group and the experimental group to assess the impact of the Labster intervention. (A) Comparison between the control (n = 78) and experimental (n = 237) groups. (B) Comparison between the Labster A (n = 130) and Labster B (n = 107) subgroups within the experimental group. In both cases, the relative academic gain was evaluated by the difference between the final grade (cat_4) and the initial grade (cat_1). The Kruskal-Wallis test was used to compare the distributions of academic gains between the groups and subgroups, with a p-value < 0.05 as the significance criterion.




3.2 Results of the student perception survey on Labster use

Of a total of 237 students who participated in the use of Labster, 87 completed the perception survey (36.7%), of which 90% were between 18–21 years old, mainly female (80%) and had some experience in virtual games or simulations (87%) as initially indicated in the perception survey. Below are the results obtained broken down into the different dimensions. The internal consistency of the dimensions was high, with Cronbach’s alpha values of 0.903 for Dimension 1 (usability), 0.926 for Dimension 2 (academic relevance), and 0.950 for Dimension 3 (motivation and satisfaction).

Dimension 1 analysis: For the first usability analysis, which evaluated the ease of access and navigation through the platform, 3 items from the perception survey were applied, detailed in Table 1.


TABLE 1 Results obtained from the answers of psychology students in the perception survey on the usability of the Labster platform in the course of biological foundations of psychology.
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Regarding the usability of the Labster platform, students were evaluated on three key items: ease of access to simulations, effectiveness of use and navigation, and appropriateness of simulation duration. First, regarding the item on the ease of access to simulations, 75.5% of students reported agreeing or completely agreeing that accessing simulations was easy, with 44.4% in complete agreement. However, 16.7% indicated some level of disagreement, suggesting that although the majority perceived access as intuitive, a small percentage experienced technical difficulty or possibly access barriers. In this context, some students expressed concerns related to issues such as lack of adequate access or platform instability negatively impacted the experience of a few users. Phrases such as “Suddenly you cannot access the Labster page properly…” or “it takes you out of the simulation several times and you have to start over” indicate a certain level of frustration on behalf of a few students who were unable to complete activities due to technical failures. This finding could be relevant when considering future improvements to the user interface or access systems to the platform, in order to ensure a more homogeneous experience among students.

Regarding navigation and effective use of the platform, 77.8% of respondents expressed agreement or complete agreement that they were able to navigate efficiently through the simulations. Only 13.3% expressed some type of disagreement, which could suggest that some students faced problems related to the interface or internet connectivity, as suggested by the comments above. On the other hand, in the item that evaluated the adequacy of the duration of the simulations, 77.8% of students considered that the duration of the activities was appropriate to cover the content adequately. However, 15.5% did not share this opinion, stating that the duration was not entirely adequate for their learning. Overall, these results reinforce the idea that Labster is, in general, an accessible and easy-to-use tool, although a more in-depth analysis of the factors that influence the negative experience of a small group of students could be considered.

Analysis of dimension 2: For the analysis of academic relevance, focused on the relationship of the simulations with the course content and their application in practical contexts, 4 items from the perception survey were evaluated. As can be seen in Table 2.


TABLE 2 Results obtained from the answers of psychology students in the perception survey on the academic relevance of the Labster platform in the course on biological foundations of psychology.
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First, the item on the relationship of simulations with the content covered in class yielded highly positive results. 85.6% of students agreed or completely agreed that Labster simulations are adequately related to the topics covered in classes and laboratories, with 61.2% of respondents in complete agreement, while only 6.6% expressed disagreement or complete disagreement. Regarding the second item, which assessed whether simulations helped them understand the course content, 78.9% of students indicated that Labster helped them better understand the course topics, with 47.8% of respondents indicating that they completely agreed with this statement. Regarding the item that explored whether simulations allowed them to learn laboratory techniques and procedures, 78.8% of students indicated that Labster contributed to their knowledge of experimental techniques, with 46.7% completely agreeing. Only 13.4% of students expressed disagreement. Along these lines, comments such as “excellent virtual reality or lab simulator to be able to learn quickly and in an entertaining way” and “a very good way to reinforce and review the material seen in class” underline the perception that Labster not only complements traditional teaching, but also adds a component of dynamism that can increase student interest.

Finally, in the item on preparation for similar face-to-face activities, a more moderate level of agreement was observed compared to the other items. 64.5% of students expressed agreement or complete agreement that the experience with Labster prepared them to better perform a similar face-to-face activity. In addition, several students mention that the simulations helped them better prepare for the evaluations, with comments such as: “it serves to review for the test and thus achieve a better understanding of the material.” This perception coincides with the quantitative results, where a significant majority of students stated that the simulations helped them better understand the course content. On the other hand, 21.1% of students were neutral and 14.4% expressed some degree of disagreement. Overall, these results indicate that Labster simulations are highly valued for their academic relevance, as they are aligned with the course content and help in understanding it, as well as offering a useful and complementary introduction to laboratory techniques.

Dimension 3 analysis: For the first analysis of motivation and satisfaction, which measured the interest and enjoyment generated by the use of Labster, as well as the willingness to recommend its use, 4 items from the perception survey were applied, detailed in Table 3.


TABLE 3 Results obtained from the answers of psychology students in the perception survey on the motivation and satisfaction of the Labster platform in the course on biological foundations of psychology.

[image: Table 3]

As for whether Labster simulations increased students’ interest in seeking additional information, the results show a balanced distribution of opinions. 57.8% of students indicated that they agreed or completely agreed with this statement, while 24.4% were neutral. However, it is noteworthy that 17.8% expressed some degree of disagreement. These results indicate that, although Labster has a positive effect on the motivation to delve deeper into knowledge, there is a significant proportion of students who do not experience an increase in their academic curiosity after using the simulations, which could suggest the need to incorporate more attractive or challenging elements in the simulations to encourage independent research related to the student’s area of interest.

Regarding general satisfaction, students say they are happy with Labster simulations with a level of 74.4% agreeing or completely agreeing. A low percentage expressed disagreement (14.5%), which can be attributed to the length of some simulations, as indicated by the comments “Labster’s length in some cases is very long…” and “… LABSTER is very effective in learning but some are extremely long and with too much information, which often causes the interest to drop…”

In relation to the willingness to use Labster in future courses, 70% of the students expressed interest in doing more simulations, with 41.1% completely agreeing with the idea, a result that is consistent with comments such as “Labster should be used in all subjects as it helps to reinforce and have a study tool for lectures and exercises.” and “I think that Labster worked adequately in Biological Fundamentals, if they could be integrated into courses that have a mandatory exam, to help better understand the subject…”. On the other hand, 16.7% of the students indicated that they disagreed or completely disagreed on this item. This data suggests that most students value simulations positively and would be willing to use them in the future, and there is also a group that, for various reasons, does not want to repeat the experience.

Finally, in the item on whether students would recommend Labster to their peers as a learning tool, 75.6% of students would recommend the platform to others, with 46.7% completely agreeing to do so. Only 10% expressed disagreement on this item, which reflects a high overall satisfaction with Labster, considering it a useful tool to improve learning.



3.3 Discussion

This study investigated the effects of gamification through Labster virtual laboratories on the academic performance and perception of first-year psychology students. The findings revealed that students who engaged with Labster simulations achieved significantly higher academic performance compared to those who did not. Additionally, students’ perceptions, assessed through a Likert-scale survey, indicated high levels of satisfaction regarding usability, relevance, motivation, and learning satisfaction.

The increasing integration of ICTs in education, accelerated by the COVID-19 pandemic, has fostered the development of diverse tools aimed at enhancing access to information, promoting knowledge construction, and improving student engagement. Among these, gamification has gained prominence for its potential to promote deeper learning outcomes (Koivisto and Hamari, 2019; Lampropoulos and Kinshuk., 2024). While positive effects have been reported, particularly when gamification complements traditional instruction (Bonde et al., 2014; Limniou and Mansfield, 2018), its effectiveness may vary depending on educational context, content alignment, and individual learner characteristics (Lo and Hew, 2018; Coleman and Smith, 2019; Dung, 2020).

In the present study, quantitative analyses revealed a significant improvement (p < 0.001) in academic performance among students who voluntarily participated in Labster virtual laboratories compared to those who did not. This finding aligns with previous research highlighting the benefits of interactive and dynamic environments in fostering deeper learning, increasing engagement, and promoting greater self-management of knowledge—factors that directly influence academic success (Aguiar-Castillo et al., 2021; Barber and Smutzer, 2017; Schechter et al., 2024; Tambiga et al., 2024). However, it is important to consider potential limitations related to the study design. As participation in Labster was voluntary, a self-selection bias may have influenced the results (Ryan and Deci, 2000). Students who opted to engage with the virtual simulations may have initially exhibited higher motivation, technological affinity, or academic self-efficacy, which could partially explain their superior performance. Moreover, external factors such as prior familiarity with the content or individual learning styles might also have contributed (Hassan et al., 2019).

To mitigate these potential biases, prior academic performance variables (cat_1, ej_1, ta_1) were included as covariates in the regression analyses. Notably, cat_1 was prioritized, given its equivalence with cat_4 (the final exam) in terms of structure and weighting, providing a meaningful baseline for adjustment. This statistical control strengthened the internal validity of the findings, allowing a more reliable attribution of the observed effects to the educational intervention rather than pre-existing group differences. Comparative analyses between the two different Labster simulations (A and B) revealed no significant differences in academic performance, suggesting pedagogical equivalence across different modules. This finding reinforces the consistency and versatility of the Labster platform when aligned with specific learning objectives. Nonetheless, certain limitations must be acknowledged. The absence of additional control variables, such as cumulative GPA, sociodemographic information, and prior technological experience, restricts the ability to fully characterize group differences and explore moderating effects. Future studies should address these aspects to refine the understanding of how virtual simulations impact diverse student profiles.

Despite these constraints, the present findings contribute to the growing body of evidence supporting the pedagogical potential of virtual laboratories in enhancing conceptual understanding, motivation, and engagement, particularly in disciplines or contexts where access to physical laboratories is limited or unequal (Freeman et al., 2014; Sung et al., 2016; Slater et al., 2010). The results also suggest that Labster can be an effective tool for improving academic performance among students traditionally less oriented towards the sciences, thus supporting the broader development of interdisciplinary skills in higher education.

Additionally, our results coincide with studies that have found similar benefits in the use of virtual simulations to promote active learning in disciplines such as microbiology (Tripepi, 2022), cell biology (Navarro et al., 2024), biomedicine (Soraya et al., 2022), among others. However, there is a stream of research that suggests that the effects of gamification may depend on the educational context and the individual characteristics of the students (DeLozier and Rhodes, 2017). In this sense, the results of some studies have been contradictory, showing that gamification does not always guarantee better academic performance, especially in situations where the design of the tool is not aligned with the specific learning objectives or when students have difficulties adapting to more autonomous learning environments (Aguiar-Castillo et al., 2021, Barber and Smutzer, 2017; Lamb et al., 2014). Along these lines, our results indicate that virtual labs were aligned with the subject’s learning outcomes according to data obtained from the student perception survey, which may partly explain the performance results. On the other hand, since psychology students do not always have an affinity for the study of science, it is essential to further explore the factors that modulate the effectiveness of Labster and other gamification tools, such as learning style, self-regulation capacity, and the impact of students’ prior expectations. Likewise, to evaluate how the long-term academic performance of students who use virtual labs compares with those who follow more traditional learning methods, considering not only their immediate grades, but also their retention of knowledge and skills over time. Regarding the results of the student perception survey on the use of Labster simulations in the Biological Foundations of Psychology course, they show a general tendency towards positive acceptance of the platform, in terms of usability, academic relevance, and motivation and satisfaction, although some aspects were identified that require discussion.

Several educational theories provide frameworks for interpreting the present findings. According to cognitive load theory (Sweller, 1988), Labster likely enhanced learning by reducing extraneous cognitive load through the structured segmentation of complex biological content, facilitating more efficient cognitive processing. Furthermore, the platform’s multimodal design—combining textual explanations, visual representations, and interactive experimentation—aligns with dual coding theory (Clark and Paivio, 1991), promoting stronger memory retention through the activation of both verbal and visual cognitive channels. Improvements observed in student motivation and engagement are consistent with the principles of student engagement theory (Fredricks et al., 2004), which highlights the critical role of behavioral, emotional, and cognitive engagement in academic success.

From a psychometric perspective, the three-dimensional structure of the survey instrument—addressing usability, academic relevance, and motivation and satisfaction—was theoretically grounded in these same educational frameworks. Usability was conceptualized under cognitive load theory, emphasizing that intuitive platforms minimize extraneous load and maximize learning efficiency. Academic relevance reflects the core aspects of student engagement theory, wherein alignment between learning activities and academic goals fosters deeper commitment.

Finally, motivation and satisfaction were framed within the self-determination theory (Ryan and Deci, 2000), which underscores the importance of intrinsic motivation, driven by experiences of competence and autonomy, for sustaining active and autonomous learning. Thus, both the interpretation of learning outcomes and the validation of the survey instrument are coherently anchored in well-established theoretical models that explain the effectiveness of educational interventions based on digital technologies and gamification.

The results of the exploratory factor analysis (EFA) provide strong support for the structural validity of the instrument. Sampling adequacy was excellent (KMO = 0.90), and Bartlett’s test of sphericity was significant (χ2 = 1161.62; p < 0.001), justifying the use of EFA (Nunnally and Bernstein, 1994). The unidimensional solution explained a high proportion of variance with strong factor loadings, suggesting a cohesive structure. However, given the theoretical basis of the instrument, a three-factor solution was also explored. This solution generally aligned with the proposed dimensions, though some cross-loadings were observed, indicating potential conceptual overlap among dimensions. While the Cronbach’s alpha values for each dimension were very high (ranging from 0.90 to 0.95), which indicates strong internal consistency, they may also reflect redundancy among items. Moreover, the use of principal component analysis might overestimate explained variance, so alternative approaches such as common factor analysis or confirmatory factor analysis are recommended for future studies.

Regarding usability, the majority of students (75.5%) considered Labster to be accessible and easy to use, which coincides with recent studies that highlight the importance of ease of access and simplicity of use of Labster virtual simulations (Navarro et al., 2024). However, 16.7% expressed some level of disagreement regarding accessibility, citing recurring technical difficulties, such as disconnection from the simulation or instability of the platform. These problems may be due to external factors such as internet connectivity or system incompatibilities, which are recognized in the literature as common challenges for virtual simulation platforms (Soraya et al., 2022). It is important to mention that 87% of the students who responded to the survey mentioned having participated in virtual games or done simulations on the Internet. This may partly account for the low percentage who experienced technical difficulties or probably access barriers.

Regarding relevance to academic content, 85.6% of students found Labster simulations to be aligned with course content, suggesting that simulations are effectively integrated within the pedagogical framework. This finding is in line with previous research highlighting that well-designed virtual simulations can enhance student understanding by connecting theory with practical applications (Mikropoulos and Natsis, 2011). Furthermore, 78.9% of respondents expressed that Labster helped them better understand course content, reinforcing the idea that these platforms can be valuable in active learning and information retention (Aguiar-Castillo et al., 2021, Barber and Smutzer, 2017). On the other hand, a smaller percentage of students (13.4%) did not consider that simulations improved their understanding of laboratory techniques and procedures. This group could be composed of students with learning preferences more oriented towards face-to-face practice or probably students who did not find simulations sufficiently interactive or realistic. In this sense, the perception of some students about the limitation of simulations in adequately preparing for face-to-face activities reflects an ongoing discussion in the literature, where it is argued that, although simulations can be valuable, they do not always completely replace the experience in the physical laboratory (Akinola and Oladejo, 2020; Byukusenge et al., 2022; Kennepohl, 2021; Potkonjak et al., 2016). Regarding motivation and satisfaction in using Labster, 74.4% of students stated that they were comfortable with the simulations, although some expressed that the length of some of the simulations was an issue. This suggests that, while the content is valuable, the duration could be adjusted to maintain interest and avoid cognitive overload, a phenomenon discussed in research on virtual simulations that affects student motivation (Parra-Medina and Álvarez-Cervera, 2021). Regarding the willingness to continue using Labster in future subjects, approximately 70% of students expressed interest in conducting more simulations in other courses, a result consistent with studies indicating that students value learning tools that combine interactive and visual elements with traditional teaching (Akinola and Oladejo, 2020; Byukusenge et al., 2022; Kennepohl, 2021; Potkonjak et al., 2016). However, 16.7% showed no interest in repeating the experience, suggesting that for some students, simulations failed to meet their expectations or learning style (Hassan et al., 2019). Finally, 75.6% of students would recommend Labster to their peers, reflecting high satisfaction with the tool. This finding is consistent with recent research suggesting that virtual simulations can improve student engagement and satisfaction, especially in areas where experiential learning is critical (Aguiar-Castillo et al., 2021; Barber and Smutzer, 2017). In light of these findings, future research could further explore the factors that modulate the effectiveness of Labster or other gamification tools, such as learning style, self-regulation capacity, and the impact of students’ prior expectations. It would also be valuable to assess how the long-term academic performance of students using virtual labs compared to those following more traditional learning methods, considering not only their immediate grades, but also their long-term retention of knowledge and skills.




4 Conclusion

This study demonstrates the positive impact of Labster virtual laboratories on the academic performance of first-year psychology students, revealing that those who participated in the simulations achieved significantly better results than those who did not. Additionally, students’ perceptions of usability, academic relevance, motivation, and satisfaction were predominantly favorable, reinforcing the viability of Labster as an effective pedagogical tool in higher education. These findings have important pedagogical implications. Educators and institutions should consider integrating virtual laboratories not merely as supplementary tools, but as core components of active and student-centered learning strategies. To maximize their effectiveness, it is essential to align virtual simulations with clear learning objectives, promote their relevance to curricular outcomes, and design complementary activities that foster reflective and collaborative learning.

Institutional strategies should also be developed to support students in enhanced technology-mediated environments. Specifically, offering training in digital literacy and self-regulated learning strategies could help reduce technological access barriers and improve students’ capacity to engage autonomously with virtual tools. Moreover, ensuring technical infrastructure reliability and providing responsive technical support are critical to guaranteeing equitable access for all students. Despite the promising results, certain limitations must be acknowledged. The self-selection of participants may have introduced bias, potentially overestimating the impact of the intervention. External factors such as differences in learning styles, technological familiarity, or prior content knowledge could also have influenced outcomes.

Future research should address these issues through randomized controlled trials that eliminate self-selection biases and enable stronger causal inferences. Additionally, longitudinal studies are recommended to examine the lasting effects of virtual laboratories on knowledge retention, skill development, and academic achievement over time, beyond immediate assessment performance. By advancing this research agenda and implementing supportive institutional practices, educational institutions can better leverage virtual simulations to promote deeper learning, inclusivity, and academic success across diverse student populations.
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