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Abstract

With the implementation of National Education policy, the primary aim of higher education was the development of
21st-century skills to prepare students for future. The traditional model of teaching did not provide opportunities for
students to apply abstract knowledge in authentic contexts and therefore lacks the growth of skills in students. Project-
Based Learning (PBL) is widely recognized as active, learner-centric and experiential learning. Technology
integration in education has been widely approved for facilitating student learning, contributing to enhanced creativity,
innovation, critical thinking, and higher-order cognitive skills. Technology Assisted Project-Based Learning model
combining conceptual learning, application of chemistry concepts to real life, and evidence-driven project tasks is
instructional design aims to bridge gaps between learning objectives, instructional processes, learning resources,
assessment practices, and real-world applications, thereby fostering meaningful learning and the development of
essential soft skill competencies. This study investigates the effectiveness of Technology Assisted Project-Based
Learning model in Chemistryfor developing essential soft skills. The study was conducted on TY B.Sc. students of
chemistry. Students were assigned to experimental and control groups. The experimental groups participated in
technology-integrated projects on chemistry topic ‘Concept of Symmetry and Symmetry in Daily Life’. The control
group received conventional lecture-based instruction. This research is quantitative type. A feedback questionnaire
was administrated for evaluating the effectiveness of this model. The Student’s feedback were collected through
questionnaire indicated a highly positive perception of TI-PBL in chemistry education with the mean scores for most
statements ranged from 4.25 to 4.88 on a five-point Likert scale. However, the findings also highlighted challenges
associated with instructional clarity, time management, and technology integration and learner self-motivation
suggesting the need for careful planning and instructional support to ensure effective implementation of Technology
Assisted PBL.
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Introduction

The Primary focus of National Education policy in India regarding student development is to
shift the educational focus from rote memorization to holistic, experiential and skill-based
learning by fostering multidisciplinary student-centered approach [1]. Since chemistry is
inherently an experimental and application-oriented discipline, students must continuously
develop their conceptual understanding, practical competencies, and skills to effectively relate
chemical principles to everyday life. Project-based learning (PBL) it is a student-centric, active
learning strategy and most closely work on Bloom’s ideal (1984) [2].This approach not only
enhances students' conceptual understanding but also fosters essential interpersonal and 21st-
century skills required in contemporary workplaces [3-4]. Additionally, Chemistry is closely
related to real life. Students can take projects from real life issues such as environmental
pollution control, soil, water, food, oil analysis as well as analysis of other product related to
daily life. They can apply knowledge from multidisciplinary fields such as chemistry and
biology etc. to find solution real world problem.During these project task, a teacher’s role would
shift from knowledge provider to guide, mentor and facilitators of learning [5-6].1t also need
careful planning and implementation and assessment of learning using diverse evaluation
methods from teachers side.Earlier researcher reported project-based learning helped in the
development of critical, creative, innovative, and collaborative thinking, enhancing problem-
solving skills. [7-11].Project-based learning helps students to effectively exercise their thinking
abilities as well as inter personal skills [12-16]. Project based learning when combined with
technology brings tremendous transformation in education, promoting active learning with
digital competency. It not only facilitates the learning but also enhances technological skills,
student autonomy and promotes higher levels of learning motivation [17-19].

Combined study of project-based learning (PBL) and technology in chemistry education was not
explored much regarding it’s impact on the development of 21* century skills. Therefore, in the
present study PBL combined with digital tools implemented in chemistry learning and the study
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mainly focuses on the student’s perception regarding the impact of this combined study
especially in chemistry project. This studyfocuses on evaluating the effectiveness of Technology
Assisted Project-Based Learning model in Chemistry where technology is used in every stage of
project facilitating the learning and developing essential soft skills.

Methodology

This study employed to examine the student’s perception regarding Technology-Assisted
Project-Based Learning in enhancing soft skill competencies in chemistry. The study
conductedon TY B.Sc students of the academic year 2025-2026. The participants were selected
from similar academic backgrounds to ensure homogeneity and equally assigned to an
experimental group (n = 40) exposed to Technology Assisted Project-Based Learning and a
control group (n = 40) taught through conventional lecture-based instruction. The topicfor the
study was selected from TY B.Sc. syllabus i.e. ‘Concept of Symmetry and Symmetry in Daily
Life’as it is closely related to daily life and has potential to conceptual understanding;promote
inquiry, thinking skill, and project-based learning experiences.

| Technology Assisted Project Based Learning (PBL) |
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Fig. 1.Learning model showing complementary roles of teachers and students during three
phases of Technology Assisted Project-Based Learning

Before the study starts, both the experimental and control groups were given
introductory knowledge on the projecttopic ‘Concept of Symmetry and Symmetry in Daily Life’.
After that students in the control group received traditional lectures and discussion. While the
students in the experimental group explored the topic using digital tools, collected sample,
items, identify symmetry, define it, classify and analyzed information and arranged data using
different digital tools in addition to traditional learning. The PBL combined with technology for
experimental group students happened in three main phases as pre-learning, during learning and
post-learning. Here the teacher played the role of facilitator, guide and mentor, while students
were actively engaged in investigation, experimentation, collaborative learning using different
digital tools.Fig. 1 shows the flow of learning in different phases highlighting the role of
teachers and students.

Data Analysis and Procedure:

In the present study, feedback questionnaires were administered at the end of the study. This
paper mainly discussed the student’s perception regarding Technology-Assisted PBL in
chemistry for knowledge gain and development of soft skill competencies among the
undergraduate chemistry students.Qualitative feedback responses were analyzed to determine
the effectiveness of the Technology-Assisted PBL intervention based on improvements in
conceptual understanding, data collection & analysis, technology use, and development of soft
skill competencies among undergraduate chemistry students.
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Students' Feedback on the Technology Assisted-PBL

At the end of the academic session 2025-2026, feedback were collected from the experimental
group (EG)students who participated in the Technology-Assisted Project-Based Learning
intervention on the chemistry project ‘Concept of Symmetry and Symmetry in Daily Life’. A
structured questionnaire was administered through Google Forms to evaluate students'
perceptions of this approach and to examine its impact on their engagement, motivation,
conceptual understanding, practical learning, and development of soft skill competencies.
Collecting students' feedback provided valuable insights into the effectiveness and acceptability

of the instructional intervention from the learners' perspective.

The questionnaire consisted of 16 items covering both the positive and challenging aspects of
the Technology Assisted PBL implementation, including learning engagement, collaboration,
critical thinking, problem-solving, communication, digital literacy, self-directed learning, and
the practical application of chemistry concepts in real-life contexts. Responses were recorded on
a 5-point Likert scale, ranging from 1 (Strongly Disagree)to5 (Strongly Agree). The response
categories were interpreted as follows: Strongly Disagree (1.00-1.80), Disagree (1.81-2.60),
Neutral (2.61-3.40), Agree (3.41-4.20), and Strongly Agree (4.21-5.00). The collected
responses were analyzed using descriptive statistics, including the mean and standard
deviation(SD), to determine students' overall perceptions of this approach and to draw
conclusions regarding its effectiveness in enhancing chemistry learning and the development of

essential 21st-century competencies.

No. of
Participating
Responses regarding TI-PBL in chemistry Students (n=40) | Percent | Mean | SD
Yes No

Does Technology-Assisted PBL is an effective
strategy for understanding and retaining the
chemistry concepts. 40 100
Does Technology-Assisted PBL is an effective
strategy in chemistry for the acquisition of soft
skills? 40 100
Does this model allow students to integrate
technology effectively throughout the project? 36 4 90 10
Does it provide opportunity to All students to
interact and develop skills? 35 5 87.5 12.5
Have you studied any topic before this through
Technology-Assisted PBL? 27 13 67.5 32.5
It helps student to review and reinforce their 0.525
understanding of chemistry concepts 4.675 6
It promotes ease of learning of complex concept 0.607
supporting student learning achievements. 4.7 6
It promotes active learning with critical thinking,
and solve problems 4.725 0.64
It improves skills necessary to exercise student’s 0.630
creativity and innovation. 4.75 4
Group activities aligned with the Technology-
Assisted PBL provide opportunity for improving 0.715
cooperation and collaboration ability 4.425 7
It helps students to develop knowledge, skills, and 0.563
attitudes. 4.7 9
It supports student’s holistic development 0.655

4.675 8
It increases students’ skill in managing learning 0.677
resources 4.55 5
Use of technology in PBL facilitates the learning 0.490
and promotes digital literacy. 4.625 3
It increases student’s autonomy, confidence and 0.714
learning motivation 4.55 3
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This model encourages students to learn

independently and participate actively throughout

the project. 4.65 | 0.483
Activities involved in this study will develop

fluency, flexibility, originality, and elaboration 0.869
components in the students 4.25 7
Compared to traditional lecture method, this model

have more meaningful and longtime effect of 0.622
learning. 4.65 2
It helps in improving the students’ academic 0.505
grades. 4.475 7
It need time management and careful planning 0.404
from both teacher and students side. 4.875 3
Some students may not feel comfortable while 0.843
working in group. 4.425 9

Results And Discussion

The student’s responses indicated a highly positive perception of Technology-Assisted Project-
Based Learning in chemistry. The mean scores for most statements range from 4.25 to 4.88 on a
five-point Likert scale, demonstrating that students generally agreed or strongly agreed with the
positive statements regarding this approach. Such high mean values suggest that students
perceived this approach as an effective instructional approach for enhancing conceptual
understanding, promoting active participation, improving academic achievement, and
developing essential soft skill competencies.A few statements showed comparatively lower
mean scores, such as M = 4.25 (SD = 0.8697) and M = 4.30 (SD = 0.8286). Although these
values still represent agreement, the relatively higher standard deviations indicate greater
variability in students' opinions. This variation may reflect differences in students' experiences
with group work, time management, or the challenges associated with implementing project-
based learning.The Yes/No responses further support these findings. All students (100%) agreed
that Technology Assisted PBL is an effective strategy for understanding and retaining chemistry
concepts and for developing soft skill competencies. A large majority also agreed that this
approach effectively combined technology (90%), provides opportunities for interaction and
skill development (87.5%), and had positive learning outcomes. However, only 67.5% of
students reported having previous experience with this approach, indicating that for many
students this approach was relatively new, yet they still evaluated it very positively.

Overall, the high mean scores coupled with low standard deviation values demonstrate that
students held a strong and consistent positive perception of Technology-Assisted Project-Based
Learning. These findings suggest it as an effective pedagogical approach for chemistry
education, fostering conceptual understanding, collaboration, digital literacy, creativity, critical
thinking, and learner engagement while supporting the development of important soft skill
competencies.

Conclusion

Students' feedback indicated that Technology Assisted -PBL enhanced collaboration, social
participation, critical thinking, and student engagement. However, challenges related to
instructional clarity, time management, technology use, learner focus, and facilitation skills were
identified, highlighting areas for effective implementation.By focusing on the fundamental goals
of student development and the development of 21st-century skills the TechnologyAssisted-PBL
model provides strong empirical evidence of its effectiveness in enhancing students' core
competencies through student’s positive responses. The findings demonstrate that combining
technology with project-based learning significantly promotes conceptual understanding,
practical application, and the development of essential skills. Overall this approach fosters
meaningful learning while promoting the acquisition of essential soft skill competencies.
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