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ABSTRACT

The present study investigated the correlation between the engineering
university students' academic and co-curricular outcomes and the
infrastructure of their high-school training. The quantitative cross-sectional
design method was used, and the sample consisted of 209 respondents
obtained from an anonymous secondary survey dataset. The overall
infrastructure score was found to be moderate (M = 3.12, SD = 0.48) with
the highest domain ratings given for the laboratory and library facilities.
Outcomes of higher education ranged from good, average, and sufficient,
with the highest scores for current CGPA, academic confidence, and
preparedness for engineering studies, and the lowest scores for physical
activity, leadership, teamwork, public speaking, social integration, and
academic—social balance.There was no significant association of the high-
school infrastructure with the current CGPA, yet a positive association with
engineering preparedness and academic confidence. The regression analyses
were subsequently adjusted and revealed strong relationships with
preparedness and confidence, but no significant relationships with overall
infrastructure for the composite co-curricular outcome. The findings indicate
that high school learning environments matter more for students' learning
perceptions and confidence than for their formal or co-curricular
involvement in the future. Longitudinal and multi-institutional research for
the purposes of clarifying these relationships over time is recommended.
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1. Introduction

The learning infrastructure of secondary schools has a significant impact on students' learning
experiences, engagement, and readiness for further education. Classrooms, laboratories, libraries,
computer facilities, sports areas, and basic facilities are all part of the general learning environment.
Studies show that the state of and access to school facilities have an impact on a student's educational
outcomes and classroom experiences (Ali et al., 2020). School investment has also been linked to
better school performance, specifically regarding the effective implementation of learning processes
(Belmonte et al., 2020). In addition to physical resources, the overall quality of the school environment
also impacts students' motivation, perceptions, and learning outcomes (Edgerton et al., 2025).
Resources in schools are thus part of a larger educational system that helps shape students' future
learning pathways (Hofflinger & Von Hippel, 2020).

This is a significant change because students coming to universities are not all the same in academic
readiness, confidence, or previous educational experiences. However, the evidence shows that training
in high school and prior learning can be transferable to academic performance in the first years of
tertiary education (Chigbu & Nekhwevha, 2021).

High-school learning infrastructure comprises learning structures that support students' development
as well as academic structures. If designed properly, classrooms offer the right conditions for
concentration, communication and instructional engagement, and science laboratories allow students
to gain experience and conduct experiments. Access to digital information and ICT-supported learning
is further enhanced through computer labs, internet facilities and ICT resources. Independent study
and access to academic materials can be found in libraries, while safe school surroundings, sanitation,
electricity and ventilation make for a conducive learning environment (Chen et al., 2021).

Physical environments are not just structural resources, but facilitate meaningful participation in
learning; learning spaces also shape students' interaction and engagement (De Borba et al., 2020).
Likewise, learning areas that are flexible and appropriately designed enhance students' interaction and
engagement in learning activities. Sports grounds, activity rooms, auditoria and co-curricular spaces
are also crucial as they provide opportunities for students to grow outside of the classroom.

Metrics for academic performance in higher education include CGPA, academic confidence,
preparation, and involvement in the university's learning. Student engagement and well-being are
therefore linked to the wider higher-education journey and shift during students' time at university
(Boulton et al., 2019). Students' relationships with faculty and academic pursuits can also be
influenced by learning environments (De Borba et al., 2020).

Co-curricular outcomes are also significant, as they are also part of a university's development, but
beyond academic grades. There are also benefits to extracurricular involvement, which can differ
based on the activities and the student's characteristics (Balaguer et al., 2020). Sport has also been
linked to positive academic and student outcomes (Chen et al., 2021). The relationships between
physical activity and educational and well-being outcomes can be complex among young university
students (Babaeer et al., 2022). Extracurriculars can also foster team-building skills, scholastic
growth, and Student Motivation (Chigbu & Nekhwevha, 2021; de Prada Creo et al., 2021; Ginosyan
et al., 2020). Another critical aspect of university adjustment is social belonging, which comes into
play when students' sense of belonging affects their academic and social experiences in higher
education (Ahn & Davis, 2020).

While some previous studies have focused on single aspects of school infrastructure, such as academic
achievement, physical activity, learning environments, or engagement in extracurricular activities,
there is only limited research that examines the relationship between students' high school school
architecture and both academic and co-curricular outcomes in higher education. Existing studies often
concentrate on either school achievement or on the involvement of students in university
extracurricular activities, but do not link these two stages. This requires further research into the
relationship between previous educational experiences and subsequent achievements in the university
academic sphere, self-confidence, physical activity, university leadership, teamwork, presentation and
social engagement.

This study aims to investigate the correlation of high school learning infrastructure with academic
learning and co-curricular for engineering students at the university. Specifically, the study aims to
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measure the reported high-school learning infrastructure, to examine the high-school students'
academic outcomes, to evaluate their co-curricular outcomes, to see how they relate to the high-school
students' academic outcomes, and to see how they relate to the co-curricular outcomes in higher
education.

2. Materials and Methods

2.1 Research Design

The quantitative, cross-sectional survey design was employed in this study to identify the relationship
between high-school learning infrastructure and academic and co-curricular outcomes among
university engineering students. The secondary data were analyzed using an anonymized survey
dataset that was gathered using a self-administered questionnaire. The survey was a retrospective
evaluation of the high-school infrastructure experiences of students and compared it with their current
higher education results (Sattyam & Sheikh, 2026). Since it was an observational design, the research
concentrated on statistical correlations, not causal influences.

2.2 Study Participants

The sample size was 209 undergraduate engineering students of various years in a university. Gender,
age, current year of study, current CGPA and type of high school attended were the demographic and
educational variables. Students of all types of schools, such as private, public/government, cadet and
others were represented in the sample. The dataset was filtered prior to analysis, with implausible age
entries being filtered only in age-specific analysis but the rest of the valid responses were kept.

2.3 Dataset and Study Variables

High-school learning infrastructure was the main independent variable and it was measured through
items that encompassed conditions in the classroom, science laboratories, computer and internet
facilities, library resources, basic amenities, sports facilities, co-curricular space, school security,
maintenance, electricity reliability and overall learning environment. Dependent variables were the
current academic and co-curricular outcomes in higher education. Academic performance was CGPA,
academic confidence, and readiness to study engineering. Co-curricular outcomes were physical
activity, participation in sports, oratory, leadership, teamwork, club activities, social integration and
balance between academic and non-academic activities. Other variables of high-school participation
were stored as contextual measures wherever applicable.

2.4 Measurement and Data Preparation

The responses to questions were assigned numeric codes where the greater the code, the better the
infrastructure conditions, the stronger the agreement, and the greater the participation. The majority
of perception-based items were five-point ordered response scales. Analysis was done after verifying
the dataset to eliminate missing values, coding inconsistencies, and implausible answers. The
corresponding infrastructure items formed a composite high-school infrastructure score and domain-
specific scores were computed for classrooms, laboratories, ICT resources, libraries, amenities, sports
and co-curricular facilities, and the overall school environment where this was appropriate. Multi-
item scales underwent an internal consistency test using Cronbach's alpha, and a score of about 0.70
or higher is deemed to be satisfactory.

2.5 Statistical Analysis

The characteristics of the participants, variables of the infrastructure and academic and co-curricular
results were summarized by descriptive statistics. Categorical variables were reported as frequencies
and percentages whereas composite measures were reported as means and SD. Ordinal variables were
analyzed using the Spearman rank correlation and Pearson correlation was used approximate
continuous composite scores where necessary. The relationship between the scores on infrastructure
and academic confidence, preparedness, and co-curricular outcomes was analyzed using multiple
regression analysis. Ordinal regression was used for categorized CGPA. The differences between
groups of various school types or university years were analyzed with analysis of variance or
appropriate non-parametric alternatives. The level of statistical significance was 0.05.
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3. Results

3.1 Characteristics of the Participants

The research involved 209 engineering students of the university. Age-dependent calculations were
made after removing two unrealistic age records, the mean age of the 207 valid respondents was 22.84
years with a standard deviation of 1.13 years and a range of 20 to 25 years. The sample was mostly
male (92.3%), and over half of the sample was in their third year of study (54.5%). Respondents were
of various high school backgrounds with 28.2% being from private, 27.8% from public/government,
23.9% from cadet and other schools. Regarding current academic performance, 30.6% reported a
CGPA of 3.50-3.79 and 23.0% reported a CGPA of 3.80—4.00. Thus, 53.6% of the students had a
current CGPA of at least 3.50. Table 1 shows the detailed features.

Table 1. Characteristics of the study participants (N =209)

Characteristic | Category/Statistic n %
Age Mean + SD 2284+ 1.13 | —
Gender Male 193 92.3
Female 16 7.7
Year of study Ist Year 2 1.0
2nd Year 60 28.7
3rd Year 114 54.5
4th Year 33 15.8
High-school type Private 59 28.2
Public/Government 58 27.8
Cadet 50 23.9
Other 42 20.1
Current CGPA Below 2.50 23 11.0
2.50-2.99 24 11.5
3.00-3.49 50 23.9
3.50-3.79 64 30.6
3.80—4.00 48 23.0

Note: Age statistics were calculated from 207 valid age observations.

3.2 High-School Learning Infrastructure Profile

The overall score for the learning infrastructure within the high school was 3.12 + 0.48, with a
moderate overall assessment of the previous high school learning infrastructure. The highest domain
score was for laboratory infrastructure (M = 3.31) followed by library facilities (M = 3.20) and basic
amenities (M = 3.13), as shown in Figure 1. The mean scores for ICT infrastructure, school
environment and sports/co-curricular infrastructure were 3.09, 3.08 and 3.05 respectively. The mean
score for classroom infrastructure was the lowest, but near the middle value on the scale (M = 3.03).
As a whole, the variations between infrastructure domains were fairly small.
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Figure 1. Mean scores of high-school learning infrastructure domains

3.3 Reliability and Descriptive Properties of Infrastructure Measures

The reliability and descriptive statistics of the infrastructure measures are summarized in Table 2. The
complete 28-item infrastructure measure had a Cronbach's alpha of 0.697 which was close to the
conventional 0.70 and thus was retained as the principal composite infrastructure measure. The
individual domain-specific scales, in contrast, had comparatively low internal consistency, ranging
from 0.147 to 0.403. Thus, descriptive interpretation was largely used for the domain scores and the
overall infrastructure score was highlighted in the principal correlation and regression analyses.

Table 2. Descriptive statistics and reliability of high-school infrastructure measures

Infrastructure dimension | Items | Mean | SD | Cronbach's a
Classroom facilities 5 3.03 [0.72 0.403
Laboratory facilities 4 3.31 |0.83 0.205

ICT resources 3 3.09 | 0.86 0.147
Library facilities 3 3.20 | 1.05 0.380
Basic amenities 3 3.13 | 0.92 0.254

Sports/co-curricular facilities 4 3.05 | 0.82 0.294
School environment 6 3.08 | 0.69 0.372
Overall infrastructure 28 3.12 | 0.48 0.697

3.4 Academic Outcomes in Higher Education

There was a wide range of current academic performance within the sample. Figure 2 illustrates that
the largest group of students had a CGPA between 3.50 and 3.79 (30.6%), followed by 3.00-3.49
(23.9%) and 3.80—4.00 (23.0%). Only 11.0% reported a CGPA below 2.50. The perceived
preparedness for engineering studies on the 5-point scale was on average 3.09 + 1.45 and the academic
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confidence with respect to the previous school learning environment was on average 3.00 + 1.48.
Overall, 42.6% of respondents agreed or strongly agreed that the high school prepared them well for
their studies in Engineering; while 42.1% agreed or strongly agreed that their academic confidence
had improved due to the previous school learning environment. The distribution was skewed towards
the middle and upper category of CGPA as illustrated in Figure 2
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Figure 2. Distribution of current CGPA among university engineering students

3.5 Co-Curricular Outcomes in Higher Education

There was significant variation between students' physical, social, leadership and communication
outcomes at present. Nearly one-third (32.6%) of the respondents indicated that they had none or less
moderate-to-vigorous physical activity per week, while 24.4% were active on 5 or more days per
week. The level of involvement in university sports was spread fairly evenly from none, to recreation,
departmental teams, to inter-university competition. There was relatively high involvement with
leadership (46.4% executive-member positions and 25.4% team leads). Table 3 indicates that the mean
scores for presentation confidence and teamwork were near the scale midpoint, while the mean score
for social integration was the highest of the four Likert-type developmental outcomes.

Table 3. Current co-curricular and developmental outcomes

Outcome Category/Statistic n/Mean | % / SD
Physical activity 0 days 67 32.1
1-2 days/week 56 26.8
3—4 days/week 35 16.7
>5 days/week 51 24.4
Sports involvement No involvement 55 26.3
Recreational 55 26.3
College/department team | 44 21.1
Inter-university athlete 55 26.3
Public-speaking forums | No participation 63 30.1
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Occasional participation | 74 35.4
Regular participation 72 34.4
Leadership No role 59 28.2
Team lead 53 254
Executive member 97 46.4
Presentation confidence | Mean + SD 3.01 1.42
Teamwork effectiveness | Mean = SD 3.02 1.35
Social integration Mean + SD 3.23 1.55
Academic—social balance | Mean + SD 2.89 1.40

3.6 Relationship Between High-School Infrastructure and Academic Outcomes

There were varying relationships between high-school infrastructure and the three academic
outcomes. However, the overall infrastructure score was not significantly related to the current CGPA
(Spearman's p = —0.026, P =.712) as shown in Figure 3. However, a positive correlation was found
between perceived high school infrastructure and preparedness for engineering study (p = 0.228, p <
.001) and academic confidence (p = 0.189, p =.006).

Adjusted regression analyses confirmed these findings. Adjusting for gender, university year and
high-school type, overall infrastructure significantly predicted perceived engineering preparedness (3
=0.814, 95% CI1[0.406, 1.222] p <.001) and academic confidence (f =0.717, 95% CI1[0.302, 1.133]
p =.001). The variance of the outcome was accounted for by the respective models to about 10.8%.
The results of ordinal regression were not significant for the association between overall infrastructure
and current CGPA (OR = 1.03, 95% CI [0.62, 1.72], p = .911).

Exploratory domain-level analyses revealed that laboratory facilities (f = 0.285, p =.032) and library
facilities (B = 0.228, p = .024) were positively associated with preparedness and that classroom
facilities were associated with academic confidence (f = 0.450, p = .003). However, caution should
be used in interpreting these domain-level findings as they have comparatively lower internal
consistency.

0.30

0.20 A

0.15

0.10

Spearman's p

0.05 4

0.00

-0.026

—0.05 1

-0.10

CG?P\ " ed“ess i de“ce

% o
AP de‘—\'\\C C

Figure 3. Correlations between overall high-school infrastructure and academic outcomes
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3.7 Relationship Between High-School Infrastructure and Co-Curricular Qutcomes
Correlations between high school infrastructure and present co-curricular results were generally weak.
However, as demonstrated in Table 4, there was no significant relationship between overall
infrastructure and physical activity, sports involvement, physical fitness, presentation frequency,
participation in public speaking, leadership, presentation confidence, teamwork or academic — social
balance. There was a weak negative correlation with social integration (p = —0.159, p = .021). But,
the composite co-curricular outcome was not significantly correlated with infrastructure (r = 0.022, p
=.748).

The adjusted regression model also failed to demonstrate a statistically significant relationship
between the composite score for co-curriculum and overall high-school infrastructure (f = 0.020, 95%
CI [-0.139, 0.179], p = .806), accounting for just 1.1% of the observed variance. Therefore, the
infrastructure of the high school was consistently associated with its perceived academic preparedness
and confidence level, rather than with students' current co-curricular involvement.

Table 4. Relationship between overall high-school infrastructure and current co-curricular

outcomes

Co-curricular outcome | Spearman'sp | p
Physical activity 0.111 109
Sports involvement —-0.019 788
Physical fitness —0.015 .826
Presentation frequency —0.060 388
Public-speaking forums 0.002 976
Leadership 0.085 223
Presentation confidence 0.003 961
Teamwork effectiveness —0.090 194
Social integration —-0.159 021
Academic—social balance 0.078 261

Note: The composite co-curricular score showed r = 0.022, p = .748. Adjusted regression: = 0.020,
p =.806.

3.8 Comparative Analysis by Educational Background

The overall infrastructure score was compared by high-school type to find evidence that students'
experiences with the infrastructure were different on a systematic basis depending on their type of
educational setting. The mean for infrastructure score was highest for students from private schools,
followed by cadet schools, other schools, and public/government schools, as shown in Figure 4. These
differences were not significant; however, F(3, 205) = 1.216, p = .305.

However, infrastructure scores did not differ across the four university years, F(3, 205) = 0.381, p =
.767. The analysis of these results indicates that neither current university year nor high school type
accounted for a significant amount of variance in the infrastructure ratings observed in this sample.
The confidence intervals were quite large and overlapping among school categories (Figure 4), which
provided support for no statistically significant difference among the categories.
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4. Discussion

The results indicated that the high school learning infrastructure was generally rated as moderate, with
the laboratory facilities and library facilities having relatively higher scores than the other facilities
such as classroom, info-communication technology, sports, and co-curriculum facilities. The overall
infrastructure was found to be strongly related to students' perceived readiness for engineering studies
and academic confidence, but not to their current CGPA. Likewise, overall infrastructure score did
not have a significant relationship with most current co-curricular outcomes such as sport
participation, leadership, teamwork, public speaking or balance of academic/social life. The results
indicate that the past school environment is more likely to be correlated with perceived readiness and
confidence than with school-related performance or current co-curricular activities.

There is a positive correlation between the high school infrastructure and academic preparedness,
suggesting that there may be a link between good learning infrastructure and the readiness of learners
to meet the university's academic requirements. Designing and flexibly arranging learning spaces can
foster interaction, collaboration, and active engagement that can enhance learning experiences before
higher education (Kariippanon et al., 2019). Beyond the immediate impact on the well-being of
students, school climate and educational conditions have also been associated with academic
achievement and student behavior (Longobardi et al., 2022). The lack of association with current
CGPA, however, indicates that other factors besides previous infrastructure play a role in university
academic performance, such as student engagement, institutional experiences, study practices, and
adaptation to higher education.

Low levels of correlation between high school infrastructure and current co-curricular experiences,
outcomes indicate that current high school experiences have a greater influence in predicting
participation in leadership, teamwork, sports and public speaking experiences. In higher education,
co-curricular involvement has been found to foster competency-building and student communication
of transferable skills (Kanar & Heinrich, 2024). Extracurricular activities can also be part of socially
responsible leadership development and structured undergraduate leadership experiences also
enhance development and career readiness for postsecondary (Kim, 2022; Peter Kuchinke et al.,
2022). Likewise, school experiences of leadership roles can shape future educational goals and career
trajectories (Meyer & Rinn, 2022).

The results of the present study are partially consistent with the results from other studies which have
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found that extra-curricular involvement is a factor in students' overall development. Jackson and
Bridgstock found that employability is a result of different contributions from curricular, co-
curricular, extracurricular and work-based experiences (Jackson & Bridgstock, 2021). Evidence also
suggests that participation in employability building activities is not equal across all student cohorts
and relates to students' future outcomes (Jackson & Dean, 2023). Furthermore, students' participation
in employability-oriented activities has been correlated with their development as graduates and their
career outcomes (Jackson et al., 2024). The benefits of extracurricular and university experiences have
also been demonstrated in terms of employability development (Jackson & Tomlinson, 2022).
However, weak direct relationships seen in the present study might be due to differences in the earlier
school infrastructure and the current participation of universities.

The findings suggest that enhancing high-school facilities can make a significant impact on students'
academic self-confidence and enrollment in college. Investment in laboratory, library, ICT, classroom
facilities, and a supportive learning environment can assist students to acquire better academic
readiness for entry to university. Meanwhile, universities should also offer chances for leadership,
teamwork, sport, communication, and other out-of-classroom activities, as these could be important
to the student's development on their own. For college students, extracurricular involvement is
associated with academic and psychological outcomes (Knifsend et al., 2020), and a sense of
belonging can positively influence motivational, behavioural, social-emotional and academic
outcomes (Korpershoek et al., 2020).

Several limitations of the study should be taken into account. The cross-sectional nature of the data
precludes conclusions about causation, and the survey of high school facilities may be influenced by
retrospective recall bias. It is limited to university engineering students, therefore, results cannot be
generalized across other disciplines or institutions. Longitudinal and multi-institutional designs are
needed along with objective measures of school facilities to collect data and a closer look at mediating
factors including engagement, belonging, motivation, and participation in university activities in
future studies. These offer more concrete evidence of the link between earlier educational contexts
and later academic and co-curricular outcomes.

5. Conclusion

The study analyzed the correlation between high school learning infrastructure and academic and co-
curricular outcomes for university engineering students. The results indicated that, overall, the
students had moderate rating of high school infrastructure, with comparatively high ratings for the
facilities regarding laboratory and library as compared to classroom, ICT, sports and co-curricular
facilities. High-school infrastructure was found to be significantly and positively correlated with
perceived preparedness for engineering studies and academic confidence indicating that students'
preparedness for university learning may be enhanced by having better educational environments at
the secondary level. The result, however, showed there was no significant relationship between overall
infrastructure and current CGPA, implying that other factors that are personal, institutional, and
contextual play a bigger role in academic performance at higher education. In the same vein, the
majority of co-curricular outcomes were not significantly associated with past infrastructure, such as
sports and leadership involvement, teamwork, public speaking, or academic/social balance. As such,
the findings indicate that high-school infrastructure can have an impact on students' confidence and
preparedness for college, but that experience in the university may have more impact on students'
academic success and co-curricular involvement in the years that follow. Ensuring a better classroom,
laboratory, library, ICT provision, sports facilities and co-curricular areas continues to be relevant to
the development of students. Further studies across the years and across institutions should further
explore the school infrastructure and its interaction with motivation, engagement, and learning setting
at the university level over time.mechanisms that foster sustainable inclusive teaching practices in
various educational contexts.
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