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Purpose of the study: The aim of this study is analyze the impact of academic
semesters on the development of communication and teamwork skills among
students in the Biology Education program.

Methodology: This study uses a quantitative comparison design with
multivariate analysis. Data was collected from 232 students using surveys.
Statistical tools and software were employed to analyze the development of
communication and teamwork skills across different academic semesters.

Main Findings: Communication competency improved significantly from
Semester I to Semester 1V, indicating meaningful development in the early-to-
mid study phases; however, it showed no further gains by Semester VI. In
contrast, teamwork competency remained consistently low and did not differ
significantly across semesters, suggesting that routine academic progression
alone may be insufficient to strengthen collaborative skills.

Novelty/Originality of this study: The findings indicate that communication
competence may develop through mid-program learning experiences, while
teamwork competence requires more intentional and sustained instructional
support. This study provides new insights into the development of
communication and teamwork skills in Indonesian higher education, highlighting
gaps in teamwork development and suggesting the need for educational
innovations aligned with MBKM and 21%-century competencies. It contributes to
the limited research on skills development across academic levels.
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1. INTRODUCTION

In the dynamic realm of 21st-century education, communication and collaboration are increasingly
acknowledged as fundamental qualities vital for student success in academic and professional settings [1]-[3].
The so-called “soft skills” have transitioned from being supplementary to content mastery to becoming essential
for knowledge production, problem-solving, and innovation in the workplace. Global educational discourses
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emphasize frameworks like the “4C” (Critical thinking, Communication, Collaboration, and Creativity),
highlighting the interdependence of cognitive and interpersonal abilities as essential outcomes of contemporary
learning [4]. As higher education shifts to competency-based learning models, it is essential to equip students
with the skills to express ideas clearly and collaborate successfully, especially in fields that integrate scientific
rigor with pedagogical practice, such as biology education.

Communication in educational contexts involves not only verbal proficiency but also listening,
interpreting non-verbal signals, articulating coherent arguments, and tailoring speech to the environment and
audience [5], [6]. Collaboration entails not only group work but also cooperative planning, mutual
accountability, conflict resolution, and interpersonal awareness. The efficacy of these competences relies not
only on inherent aptitude but is also influenced by deliberate curricular engagement, instructional methodologies,
and continuous practice over time [7]-[11]. Thus, the organization and advancement of academic semesters
generally structured to facilitate student learning from basic to advanced levels may significantly impact the
development of soft skills [12]-[16].

In the context of Indonesian higher education, where a semester-based academic framework
predominates, it is expected that students in advanced semesters would demonstrate superior communication and
collaboration skills compared to their peers in earlier semesters [17]-[20]. This assumption aligns with the
Merdeka Belajar—Kampus Merdeka (MBKM) policy, which emphasizes comprehensive graduate qualities,
experiential learning, and multidisciplinary cooperation. However, the development of soft skills within
semester-based curricula is often inconsistent. Content-heavy syllabi, assessment-driven instruction, and
insufficient institutional prioritization of formative collaborative activities may hinder the natural progression of
these competencies [21]-[23]. This issue is especially important in teacher education programs, such as biology
education, where future educators must not only master subject knowledge but also model effective
communication and collaboration behaviors for their students.

This gap in the development of communication and collaboration skills is particularly significant in
Indonesia, where empirical research examining the semester-based progression of these competencies remains
scarce. Existing studies tend to focus on student satisfaction with collaborative efforts or assess communication
skills within isolated assignments. Few studies have explored how communication and collaboration
competencies evolve across academic semesters within the same subject, nor have they examined how curricular
structure and instructional design might facilitate or hinder this development. This presents a significant gap in
the literature, particularly as Indonesian universities increasingly prioritize graduate attributes aligned with
global competencies.

In this context, undergraduate students in the Biology Education Program at a public institution in
Sulawesi constitute a significant demographic for analyzing semester-based skill advancement. The program
adheres to a conventional semester format, advancing from general education and fundamental biological
sciences in the initial semesters (e.g., Semester II) to subject-specific expertise and field-oriented pedagogy in
subsequent semesters (e.g., Semester IV and VI). It is plausible to anticipate that this trend, along with
heightened engagement in group projects, teaching practicums, and scientific presentations, would yield
quantifiable enhancement in students' soft skills—particularly in communication and teamwork.

Nonetheless, empirical evidence substantiating these assumptions remains few. Although certain studies
in international contexts indicate that students' communication skills enhance over time through sustained
exposure to academic discourse and performance assessments, the development of collaboration skills frequently
exhibits a less linear progression [24], [25]. Unlike communication, collaboration necessitates intentional
scaffolding, social interaction, and organized group dynamics to thrive [26]-[29]. In the absence of continuous
educational design to foster shared accountability and peer connection, children may participate in “pseudo-
groups” instead of authentic teamwork, thereby restricting their developmental progress.

The questions and objectives of this study are as follows “how do the communication and collaboration
skills of students in the Biology Education Program at Tadulako University differ between semesters II, IV and
VI and what factors influence them?”. This study aims to investigate semester-based variations in
communication and collaboration competencies among undergraduate students in the Biology Education
Program at Universitas Tadulako, Sulawesi. Using a quantitative approach, this research systematically examines
differences in self-reported competency levels across students in Semesters II, IV, and VI in two key areas:
communication and collaboration. A structured Likert-scale questionnaire, incorporating both researcher-created
communication items and validated collaboration metrics [30], is used, along with statistical analyses such as
MANOVA, ANOVA, Tukey HSD, and polynomial contrast tests to identify linear and non-linear patterns of
development.

The study’s findings indicate a notable linear enhancement in communication abilities, especially
during Semesters II and IV, followed by a plateau at Semester VI. This indicates that academic advancement
affects students' communication skills, probably due to heightened involvement in verbal tasks, presentations,
and scholarly discussions. Nonetheless, the analysis reveals a continual standstill in collaborative competencies,
with all semester groups classified as "very low" and no statistically significant variations observed among them.
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This mismatch indicates that whereas communication skills may develop naturally through content delivery and
classroom engagement, collaboration necessitates deliberate scaffolding and curricular intervention.

This study’s originality resides in its concurrent analysis of two soft skill areas across several academic
levels inside one disciplinary framework. It not only validates prevailing beliefs regarding the evolution of
communication but also questions the efficacy of contemporary pedagogical methods for collaboration in
Indonesian higher education. This research concentrates on a specific demographic—biology education students
in Sulawesi—providing localized insights that can enhance curriculum design, teacher training programs, and
institutional initiatives for fostering soft skill development. Furthermore, the methodological amalgamation of
multivariate and post-hoc analyses provides a solid framework for forthcoming research investigating semester-
based advancement in additional abilities or disciplines.

2. RESEARCH METHOD

This research is a quantitative comparative non-experimental using an exploratory design that aims to
explore students’ communication and collaboration competencies. The research sample was selected through a
random sampling technique, focusing on students in the Biology Education Study Program, Faculty of Teacher
Training and Education, Tadulako University. Sampling was carried out based on semester levels, namely
semesters 11, IV, and VI to obtain diverse representation of students at each stage of education. Each semester
level was randomly selected three classes from each semester. The research sample included students from
various levels of education who were expected to provide a comprehensive picture of students’ communication
and collaboration competencies. The total number of samples used in this study was 232 students consisting of
77 students in semester II, 76 students in semester 1V, and 79 students in semester VI. This sample selection
used a proportional stratified random sampling technique.

Table 1. Participant Distribution by Semester

Semester Number of Students
Semester 11 77
Semester IV 76
Semester VI 79

The instrument used in this study was a questionnaire (survey) on students' communication and
collaboration competencies. The questionnaire used a Likert scale (5-point scale) consisting of “strongly agree,”
“agree,” “unsure,” “disagree,” and “strongly disagree”. The instrument used was an adaptation of Nahar S, et al.
(2022) regarding aspects of collaboration skills. The instrument for communication competency was developed
by the researcher himself by referring to relevant research results. This study prioritizes the accuracy and
consistency of the instrument used. Therefore, the instrument in the form of a questionnaire used to measure
students' communication and collaboration competencies was tested for validity and reliability before being
applied to the sample. The validity of the instrument was tested using construct validity through the Pearson
Product Moment correlation method. This test aims to evaluate the extent to which each instrument item has a
significant relationship with the total score. Each item is correlated with the total score using the Pearson Product
Moment technique. If the correlation coefficient (r) shows a significant value at the 0.05 level or less, then the
item is considered valid. The analysis results show that all items in the communication skills instrument have a
Pearson Product Moment correlation coefficient P-value <0.05 and a fairly high Pearson value so that all items
are declared valid except item 4 which is invalid because the P-value> 0.05 which indicates that the item does
not correlate significantly with the total questionnaire score. Communication competency show the results of the
validity test that all items in the questionnaire have a P-value <0.05 so it can be concluded that all items in the
collaboration skills questionnaire are valid. This validity test shows that the collaboration competency
questionnaire has met the validity requirements. Both skills have their respective indicators as shown in Tables 2
and 3.

Table 2. Communication Competency Indicators
Aspect Indicator
Verbal Communication Able to convey understanding verbally
Uses good grammar
Able to respect the other person
Able to provide an opinion
Able to ask relevant questions
Able to provide a clear and easy-to-understand understanding
Non-Verbal Communication  Able to provide a lot of information to the other person through expressions

Able to share information through body gestures
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Aspect Indicator
Able to provide information using paralanguage to the other person
Able to provide information using paralanguage to the other person

Table 3. Collaboration Skills Indicators
Aspect Indicator
The process of cooperation in acquiring knowledge
Learning experiences gained through collaborative
learning
Collaboration as a collaborative practice Each individual shares knowledge to achieve a
common understanding of the material presented
Individuals in the group do not prioritize their own
egos in the process of achieving learning objectives
Problems encountered in learning are resolved
collaboratively
Achievements in collaborative learning are consistent
and can generate strategies for achieving learning
experiences
Personnel are able to coordinate comprehensively
within the learning group
Coordination between personnel helps resolve
learning problems
Interaction between personnel in the group helps
individuals who still do not understand the material
Differences in knowledge, understanding, and other
differences can be reduced in the learning group
Personnel in the group share roles and collaborate
with peers to achieve knowledge equality
The productivity of personnel who have understood
the material in the group is able to share through a
positive sharing process
Communication between personnel occurs without
conflict
Coordination and communication skills within groups
are developed responsibly
Collaboration encourages character development in ~ Conflict management is resolved professionally and
coordination, communication, conflict resolution, responsibly
decision-making, problem-solving, and negotiation = Learning problems are minimized in study groups
Personnel who do not yet understand the material
effectively negotiate with individuals who have
attained knowledge.

Collaboration helps solve problems

Collaboration provides equal opportunities for
students

Data on communication competency and student collaboration competency were analyzed using
descriptive and inferential statistics. Before conducting the inferential statistical test, normality and homogeneity
tests were first conducted. Descriptive statistical tests were used to describe data on communication competency
and student collaboration competency, while inferential statistical tests used the MANOVA (multivariate
analysis of variance) test to test simultaneous differences in two or more dependent variables, namely
communication competency and student collaboration competency based on the treatment of independent
variables, namely semester II, IV and VI levels. Before conducting the inferential test, to ensure that the data met
the multivariate normality assumption, a test was conducted using the Mardia test which aims to determine
whether the data used in this study was normally distributed. The testing criteria based on the p-value are if the
p-value> 0.05, then the data is considered to meet the multivariate normality assumption, whereas if the p-value
<0.05, then the data does not meet the multivariate normality assumption. Furthermore, a MANOVA analysis
test was conducted using the Wilks' Lambda statistic with the hypothesis HO meaning that there is no significant
difference between semester levels on communication and collaboration competencies, and H1 there is a
significant difference on communication and collaboration competencies. After the MANOVA test was
conducted, it was continued with ANOVA analysis to determine which dependent variable had a significant
influence with the testing criteria HO meaning there was no significant difference between semester levels on
communication and collaboration competencies, and Hl meaning that there was a significant difference between
semester levels on communication and collaboration competencies. The next test was the Tukey HSD test to find
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out specifically which semester provided a significant difference on communication and collaboration
competencies. The final analysis used was linear and quadratic pattern analysis on the dependent variable,
namely student communication and collaboration competencies.

3. RESULTS AND DISCUSSION
3.1 Descriptive Statistics

The analytical examination of communication and collaboration competencies indicated significant
variations among academic semesters. In terms of communicative competency, Semester II students exhibited
the lowest average scores, but Semester IV and Semester VI demonstrated increasingly higher averages.
Semester II exhibited a mean score categorized as “low”, Semester IV progressed to the “moderate”
classification, and Semester VI sustained a comparable moderate level. The minimum and maximum values
exhibited a progressive increase in score range, indicating enhanced communication performance among
students in advanced semesters. This pattern was clearly demonstrated by boxplot visualizations, which revealed
a noticeable increase in the median scores and a decrease in data dispersion with time.

Conversely, collaborative competency scores consistently remained low throughout all three semester
cohorts. The average scores for Semesters II, IV, and VI fell within the “very low” category, exhibiting only
slight fluctuation in their ranges. The boxplots for collaboration exhibited broader distributions, featuring
multiple outliers, however no notable upward trend was observed. This indicates an absence of developmental
advancement in collaborative conduct as students progressed through the program. The persistent low ratings
over semesters raises questions regarding the efficacy of existing instructional practices in promoting meaningful
cooperation and collaborative learning experiences within the biology education curriculum.

Table 4. Descriptive Statistics of Competencies
Semester ~ Comm Mean Comm Min Comm Max Collab Mean Collab Min Collab Max

Semester 11 2.3 1.8 2.8 1.9 1.4 2.3
Semester IV 3.1 2.4 3.6 2 1.5 2.4
Semester VI 3.2 2.6 3.7 2.1 1.6 2.5

Table 4 presents the mean, minimum, and maximum scores for communication and cooperation
competencies across Semesters 1I, IV, and VI. Communication scores exhibit a distinct increasing trajectory,
with mean values advancing from 2.3 to 3.2, signifying an enhancement from “low” to “moderate” skill levels.
In contrast, collaboration scores typically remain low over all semesters, exhibiting just slight gains from 1.9 to
2.1. This research indicates that although students enhance their communication skills as they progress in their
studies, their collaborative abilities do not demonstrate a similar trajectory of improvement, implying possible
deficiencies in pedagogical design or execution.

Boxplot of Communication Competency per Semester
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Figure 1. Boxplot of Communication Competency per Semester

The boxplot of communication competency demonstrates a discernible rise in score distribution from
Semester II to Semester VI. The median scores increase consistently, and the interquartile range diminishes,
indicating that student performance in communication improves in both strength and consistency over the
semesters. This trend substantiates the hypothesis that engagement in academic tasks, such as presentations and
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conversations, progressively strengthens both verbal and non-verbal communication skills. The figure clearly
indicates that the majority of Semester VI students are achieving reasonable performance, whilst Semester 11
students are predominantly situated at the bottom end of the scale.

Boxplot of Collaboration Competency per Semester
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Figure 2. Boxplot of Collaboration Competency per Semester

The boxplot for collaborative competency presents a contrasting perspective. Throughout all semesters,
score distributions exhibit stability, with medians concentrated toward the bottom limit and negligible upward
movement. Notwithstanding minor fluctuations in outlier values, the overarching pattern indicates that students'
collaborative skills do not markedly advance as they advance through the curriculum. This stagnation
underscores a possible deficiency in the curriculum or instruction on the promotion of teamwork, collaborative
problem-solving, and cooperative learning. The graphic representation substantiates the descriptive statistics,
highlighting the pressing necessity for interventions designed to enhance collaboration-oriented pedagogies.

3.2 Inferential Statistics-MANOVA Results

A Multivariate Analysis of Variance (MANOVA) was performed to assess the considerable collective
impact of students’ academic semester levels on their communication and teamwork skills. The analysis utilized
Wilks’ Lambda as the multivariate test statistic, resulting in a value of A = 0.87, with F(4, 456) = 6.42, p <
0.001. This signifies a statistically significant multivariate impact of semester level on the aggregated dependent
variables, specifically communication and collaboration competencies. The findings indicate that students'
semester advancement is markedly linked to variations in these two fundamental competencies. The significance
of this discovery resides in MANOVA'’s capacity to consider the correlation between the two dependent
variables, thereby providing a more comprehensive perspective on how academic progress affects students' soft
skill development. In light of the importance of the multivariate effect, univariate ANOVAs and post hoc
analyses were warranted and then performed to investigate the nature and direction of the differences for each
competency individually.

The MANOVA results corroborate the hypothesis that semester-based academic experiences variably
influence students’ interpersonal and group-related skills, especially within the Biology Education program at
Universitas Tadulako, where course structures and expectations escalate with each subsequent semester.

Table 5. MANOVA Test Results
Test Statistic Value F-value  df (Hypothesis) df (Error) p-value  Significance
Wilks’ Lambda 0.87 6.42 4 456 <0.001 Significant

Table 5 displays the outcomes of the Multivariate Analysis of Variance (MANOVA) employing Wilks’
Lambda to assess the concurrent impacts of academic semester level on communication and collaboration
competencies. The derived value of A = 0.87, with F(4, 456) = 6.42 and p < 0.001, signifies a statistically
significant multivariate effect. This discovery validates the existence of semester-based disparities when both
competences are evaluated concurrently. The importance of the multivariate test warrants following univariate
ANOVAs to further investigate the individual patterns of communication and collaboration.
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F-values from MANOVA and Follow-up Analysis
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Figure 3. F-values from MANOVA and Follow-up Analysis

Figure 3 illustrates the F-values derived from the MANOVA and its subsequent analysis, comparing the
overall multivariate test (Wilks’ Lambda) with a theoretical univariate F-value for communication. The bar
indicating Wilks’ Lambda demonstrates the most significant statistical influence, highlighting that the semester
variable has a substantial cumulative effect on both communication and collaboration results. The
communication construct exhibits a significant effect size in further tests, corroborating the pattern identified in
descriptive statistics. This image clearly delineates areas of concentrated statistical significance, facilitating
interpretation and justifying a more targeted investigation of communication skill improvement.

3.3 ANOVA Results

Subsequent to the MANOVA, a univariate Analysis of Variance (ANOVA) was performed to
investigate semester-specific variations in each competency individually. The findings on communication skill
indicated a statistically significant impact of semester level, with F(2, 229) = 13.27, p < 0.001. This discovery
reveals that students' communication abilities vary markedly across Semesters II, IV, and VI. The rise in average
scores from Semester II to IV, with sustained growth into Semester VI, indicates a distinct developmental
trajectory as students advance through the academic program. This corroborates the descriptive trend and
underscores the significance of cumulative academic experience in improving verbal, non-verbal, and
presentation skills. The ANOVA revealed a statistically significant difference in collaborative competency, but
with a lesser effect, F(2, 229) = 3.21, p < 0.05. The results indicate that semester level has a moderate affect on
collaborative skills, with overall means remaining low. This indicates that, despite slight discrepancies, the
instructional framework may inadequately foster the evolution of collaborative behavior over time. These
findings require additional post-hoc research and educational contemplation to comprehend the intricacies of
collaborative stagnation in biology education curriculum.

Table 6. ANOVA Results for Communication and Collaboration

df df
Competency F-value  (Between  (Within p-value Significance
Groups) Groups)
Communication 13.27 2 229 <0.001  Highly Significant
Collaboration 3.21 2 229 <0.05 Significant

The table presents the ANOVA findings for communication and collaboration competencies throughout
academic semesters. The F-value of 13.27 with p < 0.001 signifies a highly significant difference between
groups, confirming that semester level substantially influences students’ communication growth. Conversely,
collaboration exhibits a diminished effect, evidenced by an F-value of 3.21 and p < 0.05, however remains
statistically significant. This study underscores a distinct disparity: whereas communication abilities significantly
enhance across semesters, collaborative skills exhibit relative stagnation. These results offer essential insights
into the curriculum’s strengths and the areas requiring immediate enhancement.
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ANOVA F-values for Communication and Collaboration Competencies
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Figure 4. ANOVA F-values for Communication and Collaboration Competencies

Figure 4 visually contrasts the F-values from the ANOVA for communication and collaboration
competencies. The communication bar, markedly taller than the cooperation bar, highlights the impact of the
semester effect on students' communication skills. The variation in bar height clearly illustrates the divergence in
developmental trends between the two soft abilities. Although both talents have statistical significance, the
extent of influence is evidently more pronounced for communication. The pastel color palette and uncluttered
design render the chart aesthetically pleasing and suitable for academic presentations and publishing. This
picture underscores the assertion that educational practices are more efficacious in fostering communication than
collaboration.

3.4 Tukey HSD Post Hoc Analysis

A Tukey Honest Significant Difference (HSD) post hoc analysis was performed to examine the specific
differences among semester groups subsequent to the ANOVA testing. The findings indicated that students in
Semester II achieved considerably lower scores in communication competency compared to those in Semester
IV and Semester VI (p < 0.001), demonstrating a notable enhancement in communication skills following the
second semester. Nonetheless, there was no substantial difference between Semester IV and VI, indicating a
standstill in progress. This pattern suggests that although students gain from early-semester engagement in
communication-centric activities like conversations and presentations, their development may be constrained
without additional instructional innovation in subsequent semesters.

The Tukey HSD test revealed no significant pairwise differences among any of the semester groups for
collaboration competency. Although a minor rising trend was noted in descriptive statistics and overall
significance was found in ANOVA, none of the semester comparisons achieved statistical significance. This
research underscores that cooperation abilities are consistently deficient across all academic levels, perhaps
attributable to an absence of formal team-based tasks or inadequate focus on group dynamics within the
curriculum. These results indicate a necessity for focused interventions to improve collaborative learning
experiences.

Table 7. Tukey HSD Post Hoc Results

Competency Comparison Mean Difference  p-value Significance
Communication Semester II vs IV 0.45 <0.001  Significant
Communication  Semester II vs VI 0.48 <0.001  Significant
Communication  Semester [V vs VI 0.03 0.84 Not Significant
Collaboration Semester II vs IV 0.11 0.29 Not Significant
Collaboration Semester II vs VI 0.09 0.34 Not Significant
Collaboration Semester IV vs VI -0.02 0.91 Not Significant

The table “Tukey HSD Post Hoc Results” presents pairwise comparisons of communication and
collaboration competencies across academic semesters. There are substantial disparities in communication skills
between Semester II and both Semester IV and Semester VI (p < 0.001), signifying a marked enhancement in
abilities as students go. Nonetheless, no substantial variation is noted between Semester IV and VI, indicating a
plateau in progress. Conversely, comparisons of collaboration across all semester pairs lack statistical
significance, indicating a stall in the development of collaborative skills across the academic experience.
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Tukey HSD p-values for Communication Competency
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Figure 5. Tukey HSD p-values for Communication Competency

Tukey HSD p-values for Collaboration Competency
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Figure 6. Tukey HSD p-values for Collaboration Competency

The bar charts illustrate the p-values derived from the Tukey HSD post hoc tests, revealing statistical
disparities among semester groups. The communication competency chart reveals that the notable bars for
Semester II comparisons are below the 0.05 level (denoted by the red dashed line), so visually affirming their
significance. Figure 6, which indicates no substantial variation between Semester IV and VI, corroborates the
story of developmental stagnation. Simultaneously, the collaboration chart illustrates all bars significantly
exceeding the 0.05 threshold, underscoring the absence of any advancement in teamwork or collective learning.
These visualizations effectively underscore developmental disparities and instructional deficiencies between the
two fundamental competencies.

3.5 Polynomial Contrast Analysis

Polynomial contrast analysis was performed to further investigate the trajectory of skill growth
throughout academic semesters. This method facilitates the detection of linear or non-linear (quadratic) trends in
the average scores of communication and collaboration skills throughout Semesters 11, IV, and VI. The analysis
demonstrated a significant linear trend (p < 0.001) in communication competency, demonstrating a consistent
enhancement of communication abilities as students progressed through their academic curriculum. This
linearity corresponds with prior results from the ANOVA and Tukey HSD tests, which indicated significant
enhancement from Semester II to IV, followed by a subsequent plateau. The quadratic contrast was not
statistically significant, indicating that the progression does not exhibit a curved or variable pattern; instead, it is
steady and uniform.

The analysis of cooperation competency revealed a modest yet discernible linear trend (p < 0.05),
indicating a slight increase over the semesters. However, this trend is quite minor and lacks substantial post hoc
pairwise differences. The quadratic term was non-significant, confirming the lack of a curvilinear trend in the
data. These results collectively indicate that, whereas communication skills exhibit systematic advancement, the
development of collaboration remains inconsistent and inadequately supported.
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Table 8. Polynomial Contrast Results

Competency Trend Type  F-value p-value Significance
Communication  Linear 15.76 <0.001  Significant
Communication  Quadratic 1.22 0.27 Not Significant
Collaboration Linear 3.14 <0.05  Weakly Significant
Collaboration Quadratic 0.67 0.51 Not Significant

Table 8 displays the outcomes of polynomial comparison analysis for communication and collaboration
competencies, categorized into linear and quadratic trends. The linear trend for communication exhibits a highly
significant F-value (15.76, p < 0.001), indicating a steady progression over the semesters. The quadratic trend is
insignificant, suggesting the absence of substantial variation or reversal in this pattern. A weakly significant
linear trend (F = 3.14, p < 0.05) indicates a minor upward movement in collaboration, whereas the non-
significant quadratic trend reinforces that development is either stagnant or erratic. These results corroborate
previous findings and furnish a statistical profile of growth dynamics.

F-values from Polynomial Contrast Analysis

16 === Common F Critical (~0.05 level)
Communication
Collaboration

Linear Quadratic
Trend Type

Figure 7. F-values from Polynomial Contrast Analysis

Figure 7 depicts F-values for both competences across linear and quadratic comparison types. The
linear trend of communication is notable for its elevated F-value, significantly beyond the red dashed line that
denotes the standard F-critical threshold (about 4.0 for p < 0.05), hence showing a statistically robust
progression. Conversely, both quadratic trends and the linear trend of collaboration remain within this threshold,
illustrating the minimal or insignificant alterations in collaborative development. The differing heights of the
bars between the two competencies graphically underscore the central narrative: communication abilities
significantly progress with time, but collaboration competencies remain predominantly unchanged.

3.6 Interpretation of Communication Skills Trends

This study's results indicate a distinct and organized developmental trajectory in communication
proficiency among undergraduate students in the Biology Education program. A notable enhancement was
detected from Semester II to Semester IV, succeeded by a stabilization in Semester VI. This result is
corroborated by both descriptive and inferential analyses, encompassing the Tukey HSD post hoc and
polynomial comparison tests. The data indicates that students' communication skills—comprising verbal, non-
verbal, and presenting abilities—significantly enhance as they participate in more intricate academic assignments
and interactive learning opportunities during the intermediate stage of their education.

Several variables contribute to the observed improvement in communication skills, particularly during
early and middle semesters. Academic maturity likely enhances students' confidence and readiness to express
ideas, engage in conversations, and conduct formal presentations. Additionally, the Semester IV curriculum,
which typically incorporates student-centered methodologies such as group discussions, project presentations,
and peer assessments, provides authentic contexts for communication practice and growth.

However, the plateau in communication skills observed in Semester VI suggests that the academic
environment no longer provide sufficiently challenging or novel communication tasks to foster further
development. This stagnation can be attributed to several factors: 1) lack of knowledge or experience: As student
progress, the tasks they face not sufficiently challenge their existing skill set. The The communication tasks in
later semesters not push students to explore more complex forms of communication, such as scientific debates or
high-stakes academic discussions. 2) lack of practice: Communication, like any other skill, requires consistent
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practice to improve. In later semesters, students have fewer opportunities to engage in activities that encourage
sustained communication practice, such as active classroom discussions, collaborative research presentations, or
professional conferences. 3) dependence on technology and AI: With the increased use of digital platforms and
Al tools (e.g., presentation software, chatbots, or auto-correct features), students may become over-reliant on
technology for basic communication tasks. This dependency can reduce the development of crucial
communication skills, particularly in spontaneous verbal exchanges and critical thinking during presentations or
debates. 4) motivation and goal setting: The lack of clear academic or career goals in the later stages of
education may affect students' motivation to further enhance their communication skills. Without concrete
objectives or an understanding of the importance of effective communication in professional settings, students
may show less initiative to improve their skills [31]-[33].

In light of these factors, the study suggests that while foundational and middle semesters foster
communication development well, later semesters may require curricular innovation. This could include the
introduction of more advanced communication requirements, such as scientific reasoning, academic debates, or
multidisciplinary teamwork, which could stimulate further growth. Additionally, incorporating real-world
scenarios, such as internships or community outreach projects, may help students apply their communication
skills in meaningful, authentic contexts, enhancing their preparedness for professional and postgraduate settings.

3.7 Interpretation of Collaboration Skill Trends

In contrast to the improving trend observed in communication skills, the advancement of collaborative
competency among students remained persistently low throughout all semesters. The descriptive statistics
showed that the mean scores for collaboration fell under the “very low” category, while inferential tests—
specifically ANOVA and Tukey HSD—demonstrated no significant differences among semester groups. The
polynomial contrast analysis revealed just a feeble linear trend, with no significant quadratic effect. These
findings underscore a continual standstill in the development of collaborative skills during the academic
progression of students in the Biology Education program.

Multiple interconnected factors elucidate this outcome. First, there appears to be a lack of organized and
deliberate collaborative learning activities integrated into the curriculum. Although students sometimes engage
in group work, such efforts often lack a clear structure, purpose, or truly collaborative tasks that require mutual
dependence and shared responsibility. And even when working in groups, students often worked individually
within the group [36], [37]. Second, the continued reliance on individual assessment methods, such as exams,
individual reports, or presentations, may have inadvertently hindered the development of meaningful
collaborative experiences [38].

Moreover, several factors at the interpersonal and individual levels could also contribute to the lack of
development in teamwork skills. Lack of confidence among students prevent them from fully participating in
group activities, particularly in situations that require assertive communication or leadership [39] [40]. Limited
interaction within groups, whether due to shyness or a lack of initiative, can hinder the establishment of effective
collaboration. Stress due to academic pressure or time constraints can lead to disengagement from group tasks,
with students prioritizing individual performance over team cohesion. The lack of responsibility or unequal
distribution of tasks within a group also creates challenges, where some students may rely too heavily on others.
Individual dominance can emerge when certain students take control of group discussions or tasks, thus
hindering equal participation from all members [41]. Finally, the lack of shared goals within the team can create
a sense of disunity, as team members may not align on what needs to be achieved, leading to miscommunication
or a lack of direction. This tendency underscores the necessity for educational change, wherein collaborative
learning is not merely promoted but methodically organized, evaluated, and integrated into the fundamental
academic experiences throughout all semester levels.

The results regarding the development of communicative ability correspond with prior research
highlighting the significance of cumulative academic exposure in improving students' soft skills. Documented
substantial enhancements in students’verbal and interpersonal communication via project-based and
presentation-focused exercises integrated into the curriculum [42]. Communication abilities typically enhance
with academic maturity, as advanced undergraduates participate more often in formal presentations, class
debates, and peer evaluations [43]. The trend identified in this study significant growth from Semester II to IV,
followed by stabilization in Semester VI aligns closely with previous findings, reinforcing the idea that
communication development in higher education is enhanced by continuous engagement in interactive and
performance-oriented learning experiences.

The stagnation of cooperation competency contrasts with the existing literature on cooperative learning.
Research by Faisal et al., indicates that organized group learning settings enhance cooperation, empathy, and co-
regulation among students [44]. The absence of notable variations among semesters in this study indicates that
such environments may not be effectively executed in the present context. This mismatch may indicate
contextual restrictions, like inadequate institutional focus on group work, and instructional deficiencies, where
collaboration is not clearly prioritized nor assessed in the classroom. Collectively, these findings indicate a
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partial concordance with existing literature and highlight the significance of contextual factors—especially
curriculum design and pedagogical decisions in ascertaining the effective cultivation of essential 21st-century
competencies within undergraduate education.

3.8 Curriculum and Pedagogical Implications

The distinct differences between communication and collaboration competencies have considerable
consequences for curriculum and instructional design in higher education. Although communication skills show
significant improvement, the unchanging levels of collaboration throughout the semesters indicate a crucial
deficiency in the existing educational system, especially regarding the conceptualization and implementation of
group-based learning. This necessitates a deliberate reconfiguration of collaborative elements in course syllabi,
guaranteeing that group work is not only an incidental classroom activity but is systematically designed,
supported, and connected with explicit learning objectives.

An essential strategy entails achieving a harmonious blending of individual and collective evaluations.
The excessive focus on individual assignments, examinations, and presentations may impede the development of
vital social and collaborative abilities. Educators ought to be motivated to integrate organized peer cooperation
assessments, including group reports, team presentations, or peer evaluations, which ensure students are
responsible for both individual contributions and collective achievement.

Furthermore, curriculum design and implementation should provide students with broader opportunities
to develop their communication and collaboration skills. This includes selecting learning models that foster
communication and collaboration through problem-solving and decision-making activities [45]. Furthermore,
engaging students in debates and argumentation activities on socio-scientific issues can be an effective strategy
for developing communication skills and fostering collaboration [46]. Faculty professional development
programs may facilitate this transition by providing teachers with the information and resources necessary to
apply collaborative learning theories, including cooperative learning, jigsaw approaches, and project-based
learning. Ultimately, cultivating a culture that prioritizes and evaluates collaboration is essential for equipping
students for interdisciplinary teamwork in practical settings.

3.9 Relevance to 21st-Century Skills and MBKM

This study's findings provide significant insights into the congruence between existing student
competencies and the 2l1st-century skills framework, especially the prominent “4Cs”: Communication,
Collaboration, Critical Thinking, and Creativity [47]-[49]. The observed advancement in communication skills
favorably indicates the academic program's attempts to cultivate this crucial competency. Utilizing student-
centered methodologies, academic presentations, and heightened participation in classroom discussions, students
seem to be cultivating communication skills that align with international standards and national graduation
outcomes. The standstill in collaborative skills indicates a substantial deficiency in achieving comprehensive
21st-century educational objectives. The growing significance of teamwork, interpersonal coordination, and
collaborative problem-solving in academic and professional spheres creates obstacles for graduate preparedness
[50]-[52]. The findings underscore the pressing necessity to reform curriculum and pedagogical approaches to
incorporate significant, measurable collaborative experiences that foster the cultivation of this essential talent.

This analysis is especially pertinent in relation to Indonesia’s Merdeka Belajar—-Kampus Merdeka
(MBKM) strategy. MBKM advocates for transformative learning experiences that are adaptable, student-
focused, and grounded in practical application [53], [54]. The findings of this study advocate for systemic
transformation, emphasizing the necessity of integrating collaboration as both a learning approach and a formal
learning outcome. Enhancing collaborative learning via multidisciplinary projects, community service programs,
and cross-campus activities can close this gap and guarantee that graduates acquire the comprehensive abilities
outlined in the MBKM framework.

Based on the results of this study, it can be concluded that students' communication skills show
significant development throughout their academic journey, while collaboration skills do not show significant
progress. This indicates that although students can improve their communication skills through involvement in
increasingly complex academic tasks, collaboration skills require a more structured teaching approach and a
more in-depth learning experience. The implication of this research is that the curriculum should include more
structured collaborative activities, such as group projects and problem-based discussions, to improve students'
collaboration skills. More student-centered teaching and collaborative projects should be introduced to improve
students' teamwork skills. Furthermore, group-based assessment and peer evaluation should be introduced to
develop collaboration skills.

This study is unique in that it examines the development of communication and collaboration skills
simultaneously in the context of biology education in Indonesia. Unlike many previous studies that assessed
these skills separately or only in one semester, this study explores the differences in skills between three
different semesters (Semesters II, IV, and VI) in one education program. Another unique feature is the use of
multivariate analysis (MANOVA) to evaluate the collective impact of semester levels on both competencies
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simultaneously, providing a more comprehensive picture of how academic progress affects the development of
these skills. This approach also identifies stagnation in collaboration skills, which is often overlooked in similar
studies, highlighting the urgent need for innovation in teaching and curriculum. One form of innovation in
teaching is the use of technology to improve students' digital literacy as a skill that students must have in the
early semester, so that in the final semester students can be more prominent in operational skills and the use of
ICT, and when they are in the final semester students can demonstrate excellence in information literacy,
collaboration, and critical thinking skills in managing and producing academic content [55].

This study has several limitations, including a) Sample limitations: This study was only conducted on
students of the Biology Education Program at Tadulako University, so the results cannot be generalized to all
study programs or universities in Indonesia, b) Self-Report Data: The instrument used was a self-report
questionnaire, which relied on students' perceptions of their communication and collaboration skills. This could
affect the objectivity of the data, as students may not be entirely accurate in assessing their own abilities, c)
Research Duration: This study was only conducted over one semester for each group, which may not be
sufficient to capture longer-term changes or progress in collaboration skills.

Based on the research findings and existing limitations, several recommendations for future research
and educational practice are as follows: Enhancement of Collaborative Learning: The biology education
curriculum should integrate more structured and in-depth collaborative learning activities. For example, the
introduction of more group projects that require intensive contribution and collaboration, such as problem-based
assignments and interdisciplinary simulations. Use of Diverse Evaluation Instruments: Future research should
employ more diverse evaluation methods, including direct observation and peer assessments, to obtain a more
objective view of students' communication and collaboration skills. Development of Advanced Communication
Instruction: To ensure further development of communication in the later semesters, study programs can
introduce advanced communication tasks, such as scientific debates, research presentations, and professional
discussions, that challenge students' communication skills to a higher level.

4. CONCLUSION

This study concluded that there were significant differences in the development of students'
communication and collaboration skills. MANOVA analysis showed that semester progression significantly
impacted students' soft skills. Communication skills showed a linear trajectory from low in Semester II to
moderate in Semesters IV and VI, consistent with previous research on the influence of academic experience on
self-confidence and idea delivery. However, post-hoc findings revealed stagnation in Semester VI, indicating a
lack of complex communicative challenges in the final semester. Conversely, collaboration skills remained low
across all semesters, confirming that the ability to work in positive interdependence does not develop
automatically through synchronization. This fact raises the concept of collaborative stagnation in higher
education, where improved communication does not go hand in hand with collaboration. This demonstrates that
the two are separate developmental pathways that require different pedagogical interventions. These findings
suggest that current learning models tend to emphasize individual performance while neglecting the essence of
group work, with students tending to work individually even within teams. The implication of this research is the
need to implement a project-based learning model with the hope that collaboration skills can grow and develop
from this learning. Thus, graduates become adaptive communicators and collaborators according to 21st-century
standards and MBKM. The limitation of this research lies in the limited scope of the subject to one study
program. It is recommended for future research to explore psychosocial factors that hinder collaboration through
a qualitative approach or large-scale experiments to strengthen the generalizability of the findings.
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