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Abstract. By going beyond conventional measures,
this research article investigates the necessity to
reconsider assessment in the design of agricultural
science curricula. The goal of the study is to introduce
the Comprehensive evaluation Framework, a
conceptual model that incorporates qualitative
evaluation techniques, strikes a balance between
quantitative and qualitative metrics, and tackles
obstacles and constraints in the teaching of agricultural
science. The theoretical framework shows the
advantages and possibilities of qualitative evaluation
methods while examining the shortcomings of
conventional assessment metrics in agriculture
education. It also highlights how crucial it is to take
context into account when designing assessments. The
conceptual framework outlines the goals and
objectives of agricultural science education,
enumerates the necessary skills and knowledge, and
incorporates moral and sustainable conduct.
Contextual considerations, integration of quantitative
measures, and qualitative assessment methodologies
are some of the components of the Comprehensive
Assessment Framework that are described in the
conceptual model. It examines the connections and
exchanges among these elements and offers
suggestions for usage and execution. The practical
ramifications of reconsidering assessment in the
context of agricultural science curriculum design are
covered in the paper. It emphasises how assessments
should be in line with learning objectives, how to
better engage and motivate students, how to promote
critical thinking and problem-solving abilities, how to
support ethical and sustainable practices, and how to
encourage professional growth and lifelong learning.
This research report concludes by advocating for a
paradigm change in agricultural science education
assessment procedures. A more thorough and relevant
assessment process that equips students for the
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changing demands of the agricultural science
profession can be created by educators by including
qualitative assessment methods, striking a balance
between metrics, removing obstacles, and involving
stakeholders. Future research should focus on
exploring the effectiveness of the Comprehensive
Assessment Framework and further refining its
implementation in agricultural science curriculum
design.

Keywords:  Assessment,  Agricultural  science,
Curriculum design, Qualitative methods, Quantitative
and qualitative metrics, Contextual factors

1. Introduction

Recent years have seen enormous breakthroughs and
changes in the field of agricultural research due to a
variety of variables, such as evolving customer
demands, environmental concerns, and technological
advancements. Agricultural science education must
therefore adapt to these shifting dynamics and give
students the knowledge, skills, and competences they
need to address the opportunities and issues in the
agricultural economy (Karthikeyan, 2021). However,
traditional assessment techniques in agricultural
science education typically focus on quantitative
metrics, such as exams and standardised tests, which
are unable to fully capture the complex character of
learning in this field. These approaches often focus on
memorising of material rather than the application of
knowledge, critical thinking, problem-solving, and
other important talents required in real-world
agricultural circumstances (Al-Mutawah et al., 2022).

This paper aims to investigate alternative approaches
to evaluation in agricultural science curriculum design
and to propose a comprehensive conceptual model that
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incorporates these approaches. This work aims to add
to the existing discussion on rethinking assessment in
agricultural science education by outlining the
possible advantages of qualitative assessment
approaches and examining the shortcomings and
restrictions of conventional evaluation measures. The
goal of the suggested conceptual model is to give
curriculum designers, teachers, and legislators a
workable framework that incorporates a variety of
assessment techniques—all of which are required to
fairly represent the intricacy of teaching agricultural
science. By taking into consideration not only the
skills and knowledge needed, but also the increasingly
significant ethical and sustainable practices in the
agriculture sector, it seeks to close the gap between
theory and practice.

In the field of education, reevaluating assessment in
light of agricultural science curriculum design is a
significant and relevant subject. By going beyond
conventional measurements, educators can get a more
complete picture of students’ abilities and
competences and better equip them to fulfil the
demands of the agricultural industry.

Furthermore, this topic is highly relevant when talking
about how agriculture is changing, including the need
for sustainable practices, the use of cutting-edge
technologies, and the evaluation of socioeconomic and
environmental factors. A curriculum that incorporates
qualitative assessment methods and contextual
components would better align agricultural science
education with the evolving needs of the agricultural
industry and society.

2. Assessment in Science
Education

Agricultural

Assessment is critical to determining the knowledge,
skills, and competences that students have acquired in
agricultural science education. Within this field,
conventional evaluation metrics generally focus on
quantitative assessments, such exams and standardised
tests, which measure students' ability to memorise and
retain information. These assessments are helpful for
assessing certain aspects of learning, but they usually
fall short of accurately capturing the intricate and
varied character of agricultural science education
(Gawryla, 2022).

Written exams and multiple-choice tests are the
mainstays of traditional assessment metrics in
agricultural science education. They gauge students’
retention and application of factual knowledge.
Because these criteria are simple to apply and allow
for objective grading, they have been around for a
while. They fall short, though, when it comes to
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evaluating higher order cognitive capabilities,
applying knowledge practically, and fostering the
growth of critical and analytical thinking skills
(Jaenudin et al., 2020).

Moreover, typical assessment instruments often
overlook the contextual factors that influence learning
outcomes in agricultural science education. The
extremely complicated field of agriculture includes a
wide range of sub-disciplines, such as crop science,
animal science, and agricultural economics.
Therefore, it would be impossible for a one-size-fits-
all evaluation strategy to adequately capture the
unique skills and proficiencies required in each subject
(Messina et al., 2020).

Furthermore, an overemphasis on quantitative
measures may lead to a limited perspective of student
achievement, ignoring crucial qualitative elements of
education including communication, teamwork,
problem-solving abilities, and the real-world
application of information. These abilities are essential
for success in the agricultural sector since it calls for
experts who can handle difficult problems, adjust to
shifting conditions, and make wise choices (Chinoy et
al., 2021).

Moreover, the wider objectives of agricultural science
education, which place a growing emphasis on the
significance of moral and sustainable practices, might
not be supported by the application of conventional
assessment criteria. Conventional evaluation methods
frequently ignore these crucial elements, neglecting to
measure students’ comprehension of the moral
consequences of their work, their capacity to practise

sustainable agriculture, and their awareness of
socioeconomic and environmental factors
(Rodenburg, 2021).

3. Limitations of Traditional Assessment

Metrics

The efficacious measurement of student learning and
skill development in agricultural science education is
impeded by a number of limitations associated with
traditional assessment tools. Among these restrictions
are:

The application of knowledge is frequently
subordinated to the memorising of facts and
information in traditional assessment criteria. This
method falls short in evaluating students' critical
thinking, data analysis, and problem-solving
abilities—all of which are crucial in the agriculture
industry (DeWaters, 2020).
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A practical education in agricultural science includes
laboratory methods, fieldwork, and machinery
operation. Traditional metrics, on the other hand, may
not sufficiently evaluate students' capacity to apply
what they have learned in real-world situations
because they largely concentrate on theoretical
knowledge.

There are several sub-disciplines in the agricultural
industry, as well as regional differences. The
specialised knowledge and abilities needed in these
many contexts might not be captured by traditional
assessment criteria, creating a mismatch between
evaluation and actual farming operations (Ferand,
2022).

Agricultural research frequently calls for cooperation
and group efforts. But conventional evaluation criteria
tend to focus on individual performance and may not
fully assess students’ capacity for teamwork,
communication, and collaboration (Chang et al.,
2015).

Soft skills like communication, problem-solving, and
leadership are crucial for success in the agriculture
industry. But conventional assessment metrics
frequently ignore the assessment of these abilities in
favour of subject knowledge (Hawari, 2020).

In today's agriculture industry, ethical and sustainable
practices are becoming more and more crucial.
However, it's possible that conventional assessment
metrics are insufficient to fully gauge how well
students comprehend these problems and how they
may apply them to their work.

Students studying agricultural science must be able to
analyse challenging issues and come up with creative
solutions. However, memorising and repeating facts
are frequently the main emphasis of standard
assessment metrics, which miss opportunities to
evaluate students' critical thinking and problem-
solving skills ( Xiang, 2023).

Conventional evaluation metrics frequently ignore the
practical application of concepts in actual agricultural
contexts in favour of focusing on theoretical
knowledge. This restriction makes it more difficult to
evaluate how well students can apply their knowledge
to real-world scenarios like crop rotation plans,
livestock breeding techniques, and farm management
decisions.

Summative assessments, like final exams for a course
or semester, are frequently given preference in
traditional assessment measures. Although these tests
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have advantages, it's possible that they don't give a
clear picture of how well kids are doing during the
entire learning process. Traditional assessment
methods frequently ignore formative assessments,
which offer continuous feedback and permit reflection
and growth (Grover, 2021).

Students studying agricultural science must be able to
think outside the box and come up with novel solutions
to the field's growing problems. But conventional
evaluation metrics might not adequately reflect
students' capacity to come up with original ideas,
suggest creative fixes, and adjust to changing farming
methods (Pfeiffer et al., 2021).

Environmental concerns, technological
advancements, and market demands all contribute to
the constant change in the agriculture sector. It's
probable that the traditional evaluation criteria fall
short of these changing requirements, creating a
discrepancy between the assessed skills and abilities
and what agriculture-related enterprises actually
require.

4. Alternative Approaches to Assessment
4.1 Theoretical Perspectives on Holistic Assessment

A more thorough framework for assessments is
supported by theoretical ideas that should be
considered while analysing different techniques of
evaluation in agricultural science education. These
theoretical positions provide incisive justifications for
the benefits and gquiding principles of holistic
assessment.

Constructivism is one such theoretical viewpoint that
holds that learning is an active process of creating
knowledge and understanding through interactions
with the outside world. Constructivists consider that
rather than focusing solely on rote memory,
evaluations should measure students' critical thinking,
problem-solving, and application of information in
real-world circumstances. This point of view argues
that alternative methods of evaluation are required in
agricultural science programmes that emphasise
practical application and critical thinking skills
(Ranjana, 2022).

An additional theoretical perspective that emphasises
the social and cultural context of education is the
socio-cultural theory. According to this point of view,
assessments should consider the cooperative and
social components of agricultural science instruction.
This means that evaluation techniques should consider
the capacity for teamwork, communication, and
collaboration in addition to assessing individual
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performance. In the context of agriculture, alternative
assessment methods like group projects and peer
evaluations can offer insightful information on
students' abilities to collaborate and operate as a team
(McMurtry et al., 2016).

The ecological perspective also acknowledges the
significance of taking into account the larger
environmental and contextual elements that affect
assessment and learning. This approach to agricultural
science education places a strong emphasis on the
evaluation of students’ knowledge of moral and
sustainable behaviour as well as their capacity to take
socioeconomic and environmental factors into account
when producing their work. A more thorough
assessment of students’ knowledge and abilities in
these areas can be obtained using alternative
assessment techniques, such as case studies or
simulations that take these elements into account
(Hayha, 2014).

4.2 Advantages and Prospects of the Qualitative
Assessment Approach

Qualitative evaluation techniques are advantageous in
many ways and have the potential to improve
agricultural science education assessment procedures.
These techniques place an emphasis on evaluating
students’ knowledge, abilities, and competences in a
more thorough and all-encompassing manner. The
following are some advantages and potential uses of
qualitative assessment methods:

A more thorough assessment of students' complicated
skills and competences is made possible by qualitative
assessment techniques like case studies, portfolios,
and project-based assessments. With the help of these
techniques, students can demonstrate their capacity for
critical thought, their ability to solve problems, and
their ability to apply knowledge practically in
agricultural settings. Qualitative evaluation techniques
capture these elements, giving rise to a more realistic
picture of students' readiness for the demands of the
agriculture sector (Price et al., 2022).

Metrics used in traditional assessments frequently
emphasise lower-order cognitive abilities like memory
and recall. Conversely, higher-order thinking abilities
including analysis, synthesis, evaluation, and
creativity are promoted by qualitative assessment
techniques.  Deeper understanding and the
development of advanced cognitive skills are fostered
by qualitative evaluation approaches, which
incorporate tasks that demand critical thinking and
novel applications of the knowledge.
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With the help of qualitative evaluation techniques,
students can take charge of their education and
actively participate in their education. These
approaches boost student enthusiasm and interest in
agricultural science education by incorporating
projects, research, and real-world problem solving.
When students perceive the relevance and practicality
of their exams for their future employment, they are
more likely to be invested and interested in their
education (DeWaters, 2020).

With the help of continuing feedback and reflection,
students can continually enhance their work and
learning process through the use of qualitative
evaluation methodologies. Throughout their study of
agricultural ~ science,  students’ growth and
development are supported by this formative
assessment approach. Through self-reflection, peer
and instructor criticism, and self-evaluation, students
can pinpoint areas that require development and gain
a more comprehensive understanding of their
strengths and weaknesses.

It is possible to evaluate students' comprehension of
moral and sustainable agricultural practices through
the use of qualitative assessment techniques. These
techniques make it possible to assess how well pupils
are able to weigh ethical, environmental, and
socioeconomic  considerations  when  making
decisions. Qualitative methods aid in the development
of accountable and diligent agricultural professionals
by incorporating these factors into assessments
(Cannaerts et al., 2014).

Through the use of actual, real-world settings, students
can apply their knowledge and abilities in qualitative
evaluation approaches. The authenticity of the exam
adds to its relevance and applicability by evaluating
students on their ability to solve real-world
agricultural  difficulties.  Qualitative evaluation
techniques offer a more accurate gauge of students'
preparedness for the agriculture sector by mimicking
real-world scenarios (Price et al., 2022).

It is possible to customise qualitative evaluation
techniques to each student's unique requirements and
strengths. Differentiated evaluations that take into
account the wide range of student talents and learning
styles are made possible by this individualization.
Education professionals can give students a more
relevant and individualised assessment of their growth
and accomplishment by customising the assessment
method for each student.

Students are frequently required to evaluate their own
work, reflect on their learning experience, and create
improvement goals when using qualitative evaluation
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methods. The assessment's metacognitive component
encourages self-awareness, self-control, and self-
directed learning. Pupils gain a better knowledge of
how they learn and are better able to keep an eye on
and modify their learning tactics for subsequent
assignments.

Qualitative assessment methods, such as oral
presentations and group discussions, provide
opportunities for students to enhance their
communication skills. Effective communication is
vital in the agricultural industry, as professionals need
to convey their ideas, collaborate with stakeholders,
and engage in effective knowledge transfer. By
incorporating assessments that require effective
communication, qualitative methods contribute to the
development of this crucial skill (Bertrand, 2020).

An overview of students' development over time can
be obtained through the use of qualitative assessment
techniques. Through the use of projects, portfolios, or
reflective journals, educators can monitor students'
progress and evaluate the overall growth of their skills
and competencies. This long-term assessment
viewpoint offers important data for programme
evaluation and enhancement and permits a more
thorough knowledge of students' learning trajectories.

5. Consideration of Contextual Factors

The way in which the learning environment is shaped,
how students acquire knowledge, and the relevance
and application of examinations are all influenced by
contextual factors. A few important contextual aspects
to think about are:

Regional and cultural variations: Different
locations and civilizations may have quite different
agricultural methods and issues. It is imperative to take
into account the particular circumstances of the
assessment. This entails being aware of the regional
agricultural  systems, customs, and economic
influences on the sector. Assessments can be created
to represent the particular knowledge and abilities
needed in the given environment by taking these
variances into account (Zhou et al., 2022).

Infrastructure and  educational  resources:
Depending on the region and educational institution,
there may be differences in the quantity and calibre of
laboratories, equipment, and other technologies. In
order to make sure that assessments are realistic and
possible within the given environment, they should
consider the resources that are available to pupils.
Furthermore, it is important to take into account any
constraints or discrepancies in resource accessibility to

233

guarantee impartiality throughout the evaluation
procedure (Karimi et al., 2018).

Socioeconomic considerations: The knowledge and
skills required in the agricultural sector can be
influenced by socioeconomic factors, which include
income levels, market accessibility, and the degree of
agricultural development. Evaluations must to take
these things into account and assess students'
knowledge of the financial ramifications of their job,
their capacity to deal with socioeconomic issues in the
community, and their potential for sustainable farming
methods (Correa-Cano, 2022).

Environmental factors: The teaching of agricultural
science must take into account the natural world and
ecological aspects. Students' knowledge of resource
management, environmental sustainability, and
methods for coping with climate change should all be
included in assessments. Assessments can appraise
students' capacity to use sustainable practices and
tackle environmental issues in their work by taking the
environmental context into account (Major et al.,
2017).

Expectations and needs of the industry: The
agriculture sector is dynamic and ever-changing. To
make sure that students are ready for the needs of the
industry both now and in the future, assessments
should be in line with industry standards and
expectations. This could be working on initiatives
centred around the industry, speaking with experts in
the field, or creating assessments that take into account
benchmarks unique to the industry (Durrans et al.,
2020).

6. Defining the Goals and Obijectives of
Agricultural Science Education

Defining the field's goals and objectives is crucial to
developing a conceptual framework for agricultural
science education. A guiding framework for
curriculum  development, teaching tactics, and
assessment procedures is provided by these goals and
objectives. When determining the aims and objectives
of agricultural science education, remember the
following important factors:

Providing students with a strong foundation of
knowledge in the subject is one of the main objectives
of agricultural science education. This entails being
aware of the fundamentals of agricultural economics,
soil and water management, plant and animal sciences,
and sustainable practices. The goal is to provide
students with a thorough understanding of the
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scientific concepts that form the foundation of the
agricultural sector (Looper et al., 2022).

Education in agricultural science ought to have a
strong emphasis on using knowledge practically in
everyday situations. The objective is for students to be
able to use their theoretical knowledge to handle issues
in agriculture, come to wise conclusions, and carry out
sustainable  practices.  Fieldwork, experiential
learning, and hands-on experiences must all be
integrated to achieve this goal.

Developing students’ critical thinking and problem-
solving abilities is another crucial objective of
agricultural science education. This entails instructing
students on how to assess evidence, analyse intricate
agricultural problems, and come up with creative
solutions. The aim is to cultivate an inquisitive
mindset and equip students to address the obstacles
encountered by the agriculture sector (Boluk, 2022).

In the agriculture industry, where working in diverse
teams and communicating with stakeholders is
common, effective communication and cooperation
skills are crucial. The goal of agricultural science
education should be to help students become more
proficient communicators of scientific ideas, team
players, and knowledge transfer agents. The aim is to
equip students with the necessary skills to engage in
productive  professional relationships in the
agricultural sector (Lee, 2022).

It is critical that agricultural science education instill a
feeling of responsibility and ethical decision-making
in light of growing concerns about environmental
sustainability and ethical considerations in
agriculture. The intention is to produce graduates who
can apply ethical and sustainable work practices in
their careers and who are aware of the social,
economic, and environmental effects of their labour.
Identifying Key Competencies and Skills Required

Identifying the essential knowledge and abilities that
students must gain is just as crucial as outlining the
aims and objectives of agricultural science
education. These abilities and proficiencies act as
standards for evaluating students' preparedness for the
agriculture sector.

Research and scientific inquiry skills: Students
studying agricultural science should be prepared to
perform both types of research and scientific inquiry.
Proficiency in experimental design, data collecting
and analysis, and scientific literature interpretation are
all part of this. The goal is to produce students who can
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make decisions based on evidence and lead to
breakthroughs in the profession ( Gobert et al., 2013).

Technical skills: Students should graduate from
agricultural science programmes with a variety of
industry-relevant technical skills. This includes
becoming proficient with data analysis tools, precision
farming technology, laboratory procedures, and
operating agricultural machinery. The aim is to
improve students' employability and prepare them for
the hands-on aspects of agricultural job.

Problem-solving and critical thinking: Agricultural
science education should foster students' problem-
solving and critical thinking abilities. This involves
developing their ability to analyze complex
agricultural issues, evaluate evidence, and generate
innovative solutions. The objective is to produce
graduates who can address the challenges faced by the
industry and contribute to its sustainable development
(Pfeiffer et al., 2021).

Collaboration and communication: Since the
agriculture industry frequently requires teamwork and
interaction with a variety of stakeholders, effective
collaboration and communication skills are essential.
Teaching agricultural science should place a strong
emphasis on helping students become proficient
communicators—both written and oral—as well as
team players and efficient knowledge brokers.
Producing graduates who can collaborate and interact
with others in a professional situation is the goal.

Business and entrepreneurial skills: Students should
be taught business and entrepreneurial skills in
agricultural science programmes, given the growing
emphasis on agribusiness and entrepreneurship. This
involves having an understanding of risk assessment,
financial management, marketing tactics, and
company management concepts. The goal is to equip
students with the skills necessary to recognise, seize,
and contribute to the economic growth of the
agriculture business (Fahmi et al., 2022).

7. Incorporating Ethical and Sustainable
Practices

To adequately prepare students for the obligations and
issues they will encounter in the agricultural science
field, ethical and sustainable practices must be
integrated into agricultural science curricula. A few
things to think about while including moral and
environmentally friendly activities into the curriculum
are:
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The value of making moral decisions should be
emphasised in agricultural science education. This
covers talks about social responsibility, environmental
conservation, animal welfare, and research ethics. It is
important to support students in critically analysing
moral conundrums and creating a framework for
morally responsible decision-making in their future
employment.

Principles of sustainable agriculture, such as
integrated pest control, biodiversity preservation, soil
conservation, and water management, should be
included in the curriculum. The environmental, social,
and economic effects of various agricultural
techniques should be discussed with students, and they
should be introduced to sustainable farming practices
(Pretty et al., 2018).

Providing students with exposure to sustainability
initiatives in the agricultural industry can enhance
their understanding and appreciation of sustainable
practices. This can include field trips to sustainable
farms, guest lectures from industry experts, and
involvement in community-based sustainability
projects. Such experiences can motivate students to
adopt and promote sustainable practices in their future
careers.

Ethical and sustainable practices in agriculture
require an interdisciplinary approach. The curriculum
should incorporate perspectives from various
disciplines such as environmental science, economics,
sociology, and policy studies. This interdisciplinary
approach can help students understand the complex
interdependencies between agriculture and other
societal and environmental systems (Trimmer et al.,
2017).

Encouragement should be given to students to interact
with policymakers, farmers, and environmental
organisations, among other stakeholders. Through this
interaction, they may gain insightful knowledge about
the difficulties and viewpoints of many agricultural
stakeholders. It can also encourage conversation on
morality and environmentally friendly behaviour, as
well as a sense of responsibility.

8. Conceptual Model: A Comprehensive
Assessment Framework for Agricultural
Science Curriculum Design

8.1 Components of the Model
Several essential elements are included in the

conceptual model for a thorough assessment
framework in agricultural science curriculum design.
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Together, these elements offer a comprehensive
method for evaluating the learning outcomes of
students.

Learning Objectives: The approach begins with well-
defined learning objectives that specify the skills,
information, and abilities that students should learn
during the course of the curriculum. The foundation
for creating evaluations that support the intended
learning outcomes is provided by these objectives.
Assessment Methods: To capture many facets of
student learning, the model integrates a range of
evaluation techniques. Written tests, hands-on
exercises, projects, portfolios, and presentations are a
few examples of these techniques. Through a variety
of evaluation techniques, teachers can compile
thorough documentation of their students' skills and
knowledge.

Rubrics and Criteria: In order to give precise
instructions and benchmarks for assessing student
achievement, rubrics and criteria are created. These
rubrics provide precise standards and performance
levels that aid in ensuring impartial and uniform
evaluation by various assessors. They also let students
know exactly what is expected of them and help them
with self-evaluation.

Integration of Qualitative evaluation: The approach
incorporates methods for qualitative evaluation,
including observations, interviews, and reflective
journals. These techniques give teachers insight into
the critical thinking, problem-solving, and
communication skills of their pupils. Nuanced features
of student learning that may be difficult to measure
using only guantitative measurements are captured by
qualitative assessment.

8.2 Integration of Quantitative Metrics

Within the assessment framework, quantitative
metrics are essential. These metrics offer quantifiable
measures of how well students are performing and
how far they have come in accomplishing the learning
goals. The following are a few instances of
quantitative measurements that can be incorporated
into the model:

Exam scores: It is possible to assess students’
knowledge and comprehension of agricultural science
ideas through traditional written exams. These scores
can be examined to determine what areas are strong
points and what still needs improvement.

Performance assessments: Quantitative standards
that have been predetermined can be used to evaluate
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practical demonstrations like fieldwork or laboratory
experiments. This makes it possible to evaluate
students’ technical proficiency and knowledge
application objectively.

Data analysis: Data gathered from experiments or
research projects can be quantitatively analysed to
reveal information about how well students can
evaluate and interpret scientific data. Graphing,
statistical analysis, and other quantitative techniques
can be used to accomplish this.

Simulation exercises: Students’ decision-making
abilities and their capacity to apply theoretical
information in real-world situations can be evaluated
through computer-based simulations. It is possible to
assess the efficiency of their decision-making process
through quantitative measurements.

8.3 Contextual Factors

The model also takes into account contextual factors
that may influence student learning and assessment
outcomes. These factors consider the unique

8.4 The Comprehensive Assessment Framework

Table 1: Assessment framework

characteristics of the agricultural science education
environment, such as:

Diversity of learners: The model takes into account
the wide range of student backgrounds, skill levels,
and learning preferences. It considers the requirement
for inclusive assessment procedures that provide equal
chances for success and accommodate a range of
learners.

Industry relevance: The approach recognises how
critical it is to match assessment requirements and
expectations with those of the industry. It makes sure
that evaluation techniques are grounded in practical
applications and takes into account the skills and
abilities needed in the agriculture industry.

Ethical and sustainable considerations: Sustainable
and moral farming methods are also considered
contextual variables. The approach incorporates
evaluation  techniques that gauge students'
comprehension of moral decision-making and their
capacity to use sustainable practices in their job.

Component Description

Examples/Tools/Techniques

Learning Objectives

Clearly defined educational outcomes that articulate the
knowledge, skills, and competencies students should
acquire.

Bloom's Taxonomy, SMART goals

Assessment Methods

A variety of assessment methods (e.g., exams, projects,
presentations) used to capture different aspects of student
learning.

Written exams, practical demonstrations, portfolios

Rubrics and Criteria

Clear guidelines and standards for evaluating student
performance, providing consistency and transparency in
assessment.

Analytic rubrics, holistic rubrics

Integration of
Qualitative Assessment
Methods

Qualitative assessment methods (e.g., reflective journals,
interviews) used to capture nuanced aspects of student
learning not easily measured quantitatively.

Self-assessment, peer assessment

Integration of
Quantitative Metrics

Quantitative metrics (e.g., exam scores, performance
assessments) used to measure student performance and
progress towards learning objectives.

Weighted scoring, grade point average (GPA)

Contextual Factors

Consideration of factors that may influence student learning
and assessment outcomes, such as diversity of learners,

Students' cultural backgrounds, industry standards,
sustainability frameworks

industry  relevance, and
considerations.

ethical

and

sustainable

The main elements of an extensive assessment
framework for agricultural science curriculum design
are shown in the assessment framework table. The
following lists each element along with some instances
of useful tools and methods:

Learning Objectives: This section discusses clearly
defined learning objectives that outline the kinds of
knowledge, skills, and abilities that students should
acquire. Two examples of practical tools and
techniques include Bloom's Taxonomy, which helps
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classify learning objectives based on cognitive
complexity, and SMART goals, which ensure that
targets are explicit, measurable, attainable, relevant,
and time-bound.

Assessment Methods: This part consists of several
assessment methods that are used to record different
aspects of student learning. Portfolios, practical
demonstrations, and written exams are a few examples
of evaluation techniques. These approaches all offer
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different perspectives on the knowledge, skills, and
talents of pupils.

Rubrics and Criteria: Standards and
recommendations for assessing student achievement
are called criteria and rubrics. Analytical rubrics break
down the assessment criteria into distinct sections,
whereas holistic rubrics provide an evaluation of the
user's overall performance. Rubrics and criteria help to
preserve consistency and transparency in assessment
by explaining expectations to students and fostering an
unbiased and equitable evaluation process.

Integration of Qualitative Assessment Methods:
This component includes qualitative assessment
methodologies to measure aspects of student learning
that are challenging to define mathematically.
Interviews, reflective journals, and self-evaluation are
a few examples of qualitative assessment methods.
These methods provide educators with knowledge on
their students' critical thinking, problem-solving, and
communication abilities.

Integration of Quantitative Metrics: This section
tracks students' progress towards learning objectives
and assesses their performance using quantitative data.
Exam results, performance reviews, and grade point
averages (GPAs) are a few instances of quantitative
measurements. These metrics help identify areas that
require improvement and provide quantitative
assessments of students' achievements.

Contextual Factors: This part takes into account a
number of variables that could affect how well
students learn and perform on assessments. These
variables include the variety of students, the industry’s
applicability, and ethical and environmental concerns.
Contextual elements include things like environmental
guidelines, industry norms, and the cultural
backgrounds of the students. Taking these things into
account guarantees that evaluation techniques are
equitable, in line with business requirements, and
encourage moral and environmentally friendly
behaviour.

8.5 Application and Implementation of the Model

The following actions can be made in order to adopt
and implement the comprehensive assessment
framework in agricultural science curriculum design
in an efficient manner:

Acquire a comprehensive comprehension of the
elements, connections, and exchanges among the
evaluation structure. To understand the ideas and
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tenets that underpin the model, go over the

explanations and illustrations in the table.

Make that the learning objectives are precise,
unambiguous, and in line with the intended learning
results. Examine current curriculum materials and
speak with subject-matter specialists to clarify and
improve the goals.

Choose a variety of assessment methods that align
with the learning objectives. Consider the nature of the
subject matter, the skills to be assessed, and the
available resources. Blend different methods such as
exams, projects, and presentations to capture diverse
aspects of student learning.

Create rubrics and criteria that provide clear guidelines
for evaluating student performance. Specify the
criteria for each assessment method and establish
performance levels for each criterion. Design rubrics
that align with the learning objectives and enable
consistent and fair evaluation.

Use qualitative evaluation techniques to record the
complex facets of students' learning. Create self-
assessment tools, conduct structured interviews, or
create criteria for reflective diaries. Make sure these
techniques support the quantitative measures and are
in line with the learning objectives.

Integrate quantitative metrics such as exam scores and
performance assessments to measure student
performance objectively. Determine appropriate
scoring systems, weightings, and grading scales.
Ensure that the assessment metrics align with the
learning objectives and provide meaningful data on
students' progress.

Consider contextual elements that could affect the way
students learn and perform on assessments. Think
about the variety of students, the industry's
significance, and environmental and ethical issues.
Modify the evaluation procedures and standards to
take into account various industrial norms, cultural
backgrounds, and sustainable frameworks.

Get input from educators and students by having a
small sample of students pilot the assessment
framework. Utilise this feedback to improve the
criteria, rubrics, and assessment techniques. Make the
required modifications to guarantee the validity and
efficacy of the framework.

Implement the assessment framework across the
agricultural  science curriculum.  Monitor its
implementation and evaluate its effectiveness
periodically. Collect data on student performance,
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feedback from students and educators, and make
adjustments as needed.

Review and enhance the assessment framework
frequently in response to comments and continuous
assessment. Keep up of current developments in
assessment best practices and integrate fresh methods
and instruments to augment the efficacy of the
framework.

8.6 Rethinking Assessment in Agricultural Science
Curriculum Design

Using qualitative evaluation techniques is essential to
rethinking assessment in the creation of agricultural
science curricula. These techniques offer insightful
information about how well students think critically,
solve problems, and apply their knowledge in real-
world situations. Let's examine three essential
qualitative assessment techniques that can be
successfully included into the design of agricultural
science curricula:

Case Studies and Examples

Case studies and examples are useful tools for
assessing how well students apply their theoretical
knowledge to real-world scenarios. By presenting
hypothetical or real-world agricultural cases, students
are compelled to use critical thinking, identify key
issues, and develop practical solutions. With this
method, it is feasible to evaluate students’ critical
thinking  skills, decision-making abilities, and
understanding of agricultural ideas in practical
contexts (Al-Mutawah et al., 2022).

Observation and Reflection

Students can actively participate in their education and
show that they grasp agricultural ideas through
observation and reflection. Organising observations
allows teachers to assess how well their students
perform in fieldwork, lab experiments, and practical
assignments. Following the observation, students
might engage in reflection activities where they assess
their learnings, identify their benefits and drawbacks,
and draw the link between theory and practice. This
methodology cultivates introspection and enhances
students' metacognitive skills (Anwari et al., 2015).

Portfolios and Project-based Assessment

With the help of portfolios and project-based
assessments, students can present their learning
outcomes and progress over time. Research papers,
reports, presentations, and practical projects are just a
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few examples of the work samples that students can
gather into a portfolio. This approach offers a thorough
understanding of the capabilities that students possess,
including creativity, problem-solving,
communication, and research ability. Furthermore,
project-based learning gives students the opportunity
to tackle real-world agricultural  problems,
encouraging collaboration, creativity, and the
application of information in a practical setting (Evans
etal., 2018).

Balancing Quantitative and Qualitative Metrics

A balanced use of both quantitative and qualitative
measures is crucial for designing thorough
assessments within agricultural science curricula. This
balance gives instructors a well-rounded approach to
assessment and allows for a more thorough knowledge
of students' learning outcomes.

Triangulation of Assessment Data

Using numerous data sources to confirm and
corroborate assessment findings is known as
triangulation. Teachers can get a more comprehensive
view of students' knowledge, abilities, and
competencies by integrating qualitative assessment
techniques like case studies and reflection exercises
with quantitative metrics like exam scores and
performance assessments. By using several sources
and viewpoints to cross-reference evaluation data,
triangulation improves its validity and dependability
(Bano, 2018).

For example, the qualitative evaluation approach can
reveal information about a student's capacity to apply
theoretical knowledge in a practical setting if they
perform very well on a written exam but struggle
during a practical demonstration. On the other hand,
low exam marks might point to a mismatch between
the student's preferred method of learning and the
exam structure, particularly if the student shows a
great capacity for critical analysis and problem-
solving in a case study. Assessing students' abilities
more accurately and identifying such gaps are made
possible by triangulating assessment data.

Mixed Methods Approaches

In a single assessment assignment or project, mixed
methods techniques deliberately combine quantitative
and qualitative assessment methodologies. This makes
it possible to evaluate students' learning results in
greater detail. For example, teachers can create an
assignment that calls for a reflective analysis
(qualitative) and a written report (quantitative) of the
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procedure and results. In this manner, the ability of
students to carry out research, evaluate information,
and effectively explain their conclusions while
simultaneously considering the constraints and
ramifications of their work is evaluated (Alordiah et
al., 2022; Ekanem et al., 2019).

Students that use mixed methods approaches engage
with a wider variety of assessment activities and
exhibit a greater range of skills, making for a fuller
assessment experience. Teachers can capture both the
measured outputs and the deeper comprehension and
application of knowledge by blending quantitative and
qualitative factors.

It is crucial to make sure that both quantitative and
qualitative metrics are balanced, in line with the
learning objectives, and offer insightful information
about the progress of the students. To facilitate the
review process and guarantee consistency and
impartiality, precise evaluation criteria and rubrics
should be created ( Marks et al., 2021).

9. Addressing Challenges and Limitations

Ensuring the validity and reliability of qualitative
assessments is a challenge when using them. Case
studies and reflection exercises are two examples of
qualitative evaluation methods that are prone to
subjectivity and interpretation bias. Teachers can
overcome this difficulty by creating explicit grading
criteria and rubrics that offer precise instructions for
evaluating qualitative data. The consistency and
dependability of qualitative assessments can also be
improved by providing evaluators with training and
calibration sessions. Furthermore, ensuring objectivity
and validity in the evaluation process can be facilitated
by employing numerous evaluators and doing inter-
rater reliability tests (Permana, 2022).

In assessment, fairness and consistency are essential.
Teachers need to make sure that criteria, rubrics, and
assessment techniques are applied uniformly to all
students, classes, and evaluators in order to overcome
this difficulty. Frequent moderation meetings and
calibration sessions can support the upkeep of
uniformity in feedback and scoring. It is imperative to
effectively convey to students the expectations and
criteria of assessments in order to provide a
transparent and equitable evaluation process. Teachers
can lessen the possibility of biases and advance
equitable evaluation procedures by guaranteeing
consistency and fairness (Gazzaz, 2021).

For an assessment to be successful, stakeholders
including students, teachers, business experts, and
legislators must be involved in both the design and
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execution phases. Teachers might include interested
parties in focus groups, questionnaires, or
consultations to get their opinions on the evaluation
criteria, procedures, and framework as a whole. By
working together, we can improve the assessment
process's relevance and alignment with industry
requirements and  stakeholder  expectations.
Furthermore, allowing students to participate in peer
and self-evaluation activities develops a sense of
involvement and responsibility as well as gives them
the ability to take charge of their education (Cruz,
2019).

10. Implications for Agricultural Science
Curriculum Design

By aligning assessment methods with the desired
learning outcomes, teachers can ensure that the
assessment process reflects the knowledge, skills, and
competences that students are expected to acquire.
Because of this alignment, developing a curriculum
that is both rational and purposeful is made easier, and
assessment tasks give students a way to demonstrate
that they have mastered certain learning objectives. It
also supports teachers in monitoring the growth of
their pupils and in making data-driven decisions on
curriculum development and instructional
adjustments.

The comprehensive assessment framework promotes
motivated and active student participation through a
variety of evaluation procedures. Case studies,
reflection activities, and project-based evaluations are
used to encourage students to apply what they've
learned, think critically, and solve real-world issues.
When students actively participate in the assessment
process, they are more enthusiastic and interested in
what they are studying because they can clearly see
how their agricultural science knowledge is directly
applicable and practical.

Critical thinking and problem-solving abilities are
promoted by the evaluation techniques incorporated
within the framework, such as case studies and
observation/reflection exercises. With the help of
these techniques, students must assess and analyse
intricate agricultural settings, pinpoint important
problems, and suggest workable fixes. Students that
participate in these kinds of evaluations improve their
capacity for critical thought, data analysis, and
decision-making. This helps students grasp
agricultural science ideas more deeply and gives them
the tools they need to deal with problems in the field
on a day-to-day basis.

The design of agricultural science curricula ought to
prioritise the significance of sustainable and ethical
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practices. By including sustainability standards and
ethical issues into evaluation procedures, the
comprehensive assessment framework can help with
this. Assessing students' capacity to examine moral
conundrums, suggest viable answers, and assess how
agricultural  practices affect society and the
environment can be done. This assessment method
equips students to participate to sustainable
agricultural development by encouraging ethical
decision-making and instilling a sense of
responsibility.

Through the use of self-evaluation and reflection
exercises, the complete assessment framework
promotes professional development and lifelong
learning. Students are prompted by these techniques to
assess their own performance, pinpoint areas in need
of development, and establish learning objectives.
Students who participate in reflective activities
acquire metacognitive abilities and self-directed
learning habits, both of which are critical for ongoing
personal and professional development. This
evaluation method encourages a lifelong learning
perspective in students, enabling them to adjust to
changing agricultural practices and make career-long
contributions to the field's growth.

11. Conclusion
11.1 Key Takeaways

There are holes and restrictions in the traditional
assessment measures used in agricultural science
education, which must be filled.

Alternative strategies have advantages and the ability
to produce an assessment that is more comprehensive,
such as qualitative assessment techniques.

In agricultural science curricula, contextual
considerations are important in the design and
execution of assessments.

The Comprehensive Assessment Framework offers a
prospective framework for reconsidering assessment
in the context of agricultural science curriculum
design by combining qualitative approaches,
quantitative metrics, and contextual considerations.

In agricultural science curriculum design, reevaluating
assessment can result in better learning outcomes,
increased student engagement, ethical behaviour,
critical thinking, and lifelong learning as well as
professional growth.

11.2 Future Research

- Examine how well the Comprehensive
Assessment Framework works with the
creation of agricultural science curricula.

- Analyse the relationship between teaching
strategies and learning objectives for students
studying agricultural science.

- Examine how the comprehensive assessment
framework  affects  students'  career
development and success in the workplace
over the long run.

- Further refine and expand guidelines and
resources for educators to support the
implementation of the comprehensive
assessment framework.

- Work together with stakeholders and industry
experts to improve and validate the all-
encompassing evaluation framework.

12. Recommendations

- Teachers should incorporate qualitative
assessment techniques into the design of their
agricultural science curricula, such as case
studies, portfolios, project-based evaluations,
and observation and reflection exercises.

- By combining mixed methods approaches
and triangulating assessment data, the
assessment process can strike a balance
between quantitative and qualitative
indicators.

- By creating precise assessment criteria,
offering evaluators training, and
incorporating stakeholders in the planning
and execution of the assessment, you may
overcome obstacles and constraints.

- Provide pedagogical guidelines and
instructional materials for teachers to
facilitate  the integration  of  the
comprehensive assessment system into
agricultural science curricula.

- Promote more investigation and cooperation
to examine the relationship between student
learning  outcomes and  assessment
techniques as well as the long-term
consequences of the  comprehensive
assessment  framework on  students'
professional growth.

References

Al-Mutawah, M. A., Mahmoud, E. Y., Thomas, R.,
Preji, N., & Alghazo, Y. (2022). Math and
Science Integrated Curriculum: Pedagogical
Knowledge-Based Education



NIU Journal of Social Sciences

Research
1-10.

Framework. Education
International, 2022,
https://doi.org/10.1155/2022/2984464
Alordiah, C. O., Omumu, F. C., Owamah, H. I,
Chenube, O., Okokoyo, I. E., Osagiede, M.
A., & Agbajor, H. T. (2022). Socio-cultural
norms encouraging violence against women
(VAW) from a popular ethnic group in the
Niger Delta region of Nigeria and the roles of
schools in preventing VAW. Cogent Social
Sciences, 8(1).
https://doi.org/10.1080/23311886.2022.2102299
Anwari, I., Yamada, S., Unno, M., Saito, T., Suwarma,
I. R., Mutakinati, L., & Kumano, Y. (2015).
Implementation of Authentic Learning and

Assessment  through STEM  Education
Approach to Improve Students’
Metacognitive Skills. K-12 STEM
Education, 1(3), 123-136.

https://doi.org/10.14456/k12stemed.2015.24
Bano, V. O. (2018). Pengembangan Modul Pelatihan
Pengelolaan Penilaian Autentik Guru IPA
SMP. Kelola/Kelola: Jurnal Manajemen
Pendidikan, 5(2), 139-151.
https://doi.org/10.24246/j.jk.2018.v5.i2.p13
9-151
Bertrand, M. G., & Namukasa, I. K. (2020). STEAM
education: Student learning and transferable
skills. Journal of Research in Innovative
Teaching & Learning, 13(1), 43-56.
https://doi.org/10.1108/jrit-01-2020-0003
Boluk, K. (2022). Integrated curriculum design: An
empowering and engaging pedagogical
approach preparing 21st graduates. Journal
of Teaching in Travel & Tourism.
https://doi.org/10.1080/1937156x.2022.2099326
Cannaerts, N., Gastmans, C., Casterlé¢, B. D. D., &
Grubbs, E. J. (2014). Contribution of ethics
education to the ethical competence of
nursing students. Nursing Ethics, 21(8), 861—
878.
https://doi.org/10.1177/0969733014523166
Chang, S.-H., Hwang, G.-J., & Lee, C.-Y. (2015).
Applying online peer assessment with total
quality management to elevate project-based
learning performance. Journal of Baltic
Science  Education, 14(3), 379-390.
https://doi.org/10.33225/jbse/15.14.379
Chinoy, N., Evans, D. J. R., & Khalil, M. K. (2021).
Assessing student desire for professional
skills development within the undergraduate
science curriculum: A focus on teamwork.
Advances in Physiology Education, 46(1),
179-189.
https://doi.org/10.1152/advan.00051.2021

241

Correa-Cano, M. E., Melgar-Melgar, R., Grijalva, R.,
& Garcia-Ochoa, L. M. (2022). A novel
modelling toolkit for unpacking the water-
energy-food-environment (WEFE) nexus of
agricultural development. Renewable and
Sustainable Energy Reviews, 153, 112182.
https://doi.org/10.1016/j.rser.2022.112182

Cruz, R. A. O.-D. (2019). Perceptions of higher
agricultural education toward sustainable
agricultural development. Higher Education,
Skills and Work-Based Learning, 10(1), 187—
202. https://doi.org/10.1108/heswbl-06-
2019-0080

DeWaters, J., & Powers, S. E. (2020). Improving
science literacy through project based K 12
outreach efforts that use energy and
environmental themes. ASEE  Annual
Conference & Exposition.
https://doi.org/10.18260/1-2--158

Durrans, B., Wallington, E., & Brebbia, C. A. (2020).
Benchmarking a  sustainable  energy
engineering undergraduate degree against

curriculum  frameworks and pedagogy
standards from industry and academia.
Energies, 13(4), 822.

https://doi.org/10.3390/en13040822

Ekanem, J. T., Ekanem, E. E., & Ekanem, A. M.
(2019). Impact of formative evaluation
modes on learning outcomes among Senior
Secondary Agricultural Science Students in
Uyo, Akwa Ibom State. Journal of
Education, Society and Behavioural Science,
32(4), 1-11.
https://doi.org/10.9734/jesbs/2019/v32i4301
77

Evans, D. J. R., Bay, B. H., & Wilson, T. D. (2018).
Human skills for human[istic] anatomy: An

emphasis on nontraditional discipline-
independent skills. Anatomical Sciences
Education, 11(3), 221-224.

https://doi.org/10.1002/ase.1799

Fahmi, R. R., Nasrudin, A. R., & Taufiqurrahman, T.
(2022). SANTRIPRENEUR: Education on
empowerment  of  students  through
agribusiness activities. Empowerment, 11(1),
28-34.
https://doi.org/10.22460/empowerment.v11i
1p28-34.2223

Ferand, N. K., Sorensen, T., & Jones, A. M. (2022).
Implications of science illumination on
student content knowledge of technical
floriculture and core scientific ideas. Journal
of Agricultural Education, 63(2), 169-185.
https://doi.org/10.5032/jae.2022.02169

Gawryla, R., & Curry, K. Jr. (2022). Science
citizenship through secondary agricultural



https://doi.org/10.1155/2022/2984464
https://doi.org/10.1080/23311886.2022.2102299
https://doi.org/10.24246/j.jk.2018.v5.i2.p13
https://doi.org/10.24246/j.jk.2018.v5.i2.p13
https://doi.org/10.1080/1937156x.2022.2099326
https://doi.org/10.1108/heswbl-06-
https://doi.org/10.1108/heswbl-06-
https://doi.org/10.9734/jesbs/2019/v32i4301
https://doi.org/10.9734/jesbs/2019/v32i4301
https://doi.org/10.22460/empowerment.v11i
https://doi.org/10.22460/empowerment.v11i

NIU Journal of Social Sciences

education. Journal of Agricultural
Education, 63(4), 39-58.
https://doi.org/10.5032/jae.2022.04039
Gazzaz, N. M., & Aldeseet, B. A. (2021). Assessment
of the level of knowledge of climate change
of undergraduate science and agriculture
students. World Journal of Education, 11(5),
41-52.
https://doi.org/10.5430/wje.v11n5p41
Gobert, J. D., Sao Pedro, M. A., Raziuddin, J., &
Baker, R. S. (2013). From log files to
assessment metrics: Measuring students’
science inquiry skills using educational data
mining. The Journal of the Learning

Sciences, 22(4), 521-563.
https://doi.org/10.1080/10508406.2013.8373
91

Grover, S. (2021). Toward a framework for formative
assessment of conceptual learning in K-12

computer  science  classrooms. ACM
Transactions on Computing Education,
21(2), Article 7.

https://doi.org/10.1145/3408877.3432460

Héyha, T., & Franzese, P. P. (2014). Ecosystem
services assessment: A review under an
ecological-economic and systems
perspective. Ecological Modelling, 289, 124—
132.
https://doi.org/10.1016/j.ecolmodel.2014.07.
002

Hawari, A. D. M., & Noor, A. I. M. (2020). Project
based learning pedagogical design in
STEAM art education. Asian Journal of
University Education, 16(3), 102—-1009.
https://doi.org/10.24191/ajue.v16i3.11072

Jaenudin, R., Rahmat, C., & Suryani, A. (2020).
Student development zone: Higher order
thinking skills (HOTSs) in critical thinking

orientation.  International Journal of
Multicultural and Multireligious
Understanding, 7(9), 11.

https://doi.org/10.18415/ijmmu.v7i9.1884

Karimi, P., Bastiaanssen, W. G. M., & Ayana, E. K.
(2018). Remote sensing for agricultural water
management (RS4AWM) educational course
within post-graduate program for water
professionals. The International Archives of
the Photogrammetry, Remote Sensing and
Spatial Information Sciences, XLII-5, 21-27.
https://doi.org/10.5194/isprs-archives-xlii-5-
21-2018

Karthikeyan, S. P., & Pandian, M. S. (2021). Science
and technology in the modern agricultural
sector: An overview. International Journal of
Advanced Research in Science,

242

Communication and Technology, 7(9), 702—
709. https://doi.org/10.48175/ijarsct-1793
Lee, L. M. J. (2022). It takes a village: Team teaching
in an integrated and spiraled medical sciences
curriculum. The FASEB Journal, 36(S1),
R5445.
https://doi.org/10.1096/fasebj.2022.36.51.r5
445
Looper, M., O'Brien, M., & Green, A. (2022). Forage
agronomists are needed in animal science
departments. Translational Animal Science.
https://doi.org/10.1093/tas/txac019
Major, L., Varga, A., & Kirdly, G. (2017). Teach it to
sustain it! Environmental attitudes of
Hungarian teacher training students in
Serbia. Journal of Cleaner Production, 154,
255-268.
https://doi.org/10.1016/j.jclepro.2017.03.163
Marks, D., Hargis, C., Patterson, R., & Miles, D.
(2021). Integrated STEM and poultry science
curriculum to increase agricultural literacy.
Poultry ~ Science,  100(10),  101319.
https://doi.org/10.1016/j.psj.2021.101319
McMurtry, A., Rohse, S., & Kilgour, K. N. (2016).
Socio-material perspectives on
interprofessional team and collaborative
learning. Medical Education, 50(2), 169-
180. https://doi.org/10.1111/medu.12833
Messina, C. D., Barker, T., McCandless, L., &
Wortmann, C. (2020). Crop Science: A
foundation  for advancing  predictive
agriculture. Crop Science, 60(2), 544-546.
https://doi.org/10.1002/csc2.20116
Permana, R. A. H. A., & Widodo, A. (2022). Validity
and inter-rater reliability of the scoring
rubrics for the science teacher TPACK test
instrument.  Jurnal Penelitian ~ Dan
Pembelajaran IPA, 8(1), 27.
https://doi.org/10.30870/jppi.v8il.11164
L., Silva, P., Finck, C., & Thompson, R.
(2021). Issues-360™: An analysis of
transformational learning in a controversial
issues engagement initiative. The Journal of
Agricultural Education and Extension, 28(4),
439-458.
https://doi.org/10.1080/1389224x.2021.1942
090
Pretty, J., Benton, T. G., Bharucha, Z. P., Dicks, L. V.,
Flora, C. B., Godfray, H. C. J., ... & Wratten,
S. D. (2018). Global assessment of
agricultural system redesigns for sustainable
intensification. Nature Sustainability, 1(8),
441-446.  https://doi.org/10.1038/s41893-
018-0114-0
Price, A., Harris, C., & Daniels, K. (2022). An
accurate and practical method for assessing

Pfeiffer,



https://doi.org/10.1080/10508406.2013.8373
https://doi.org/10.1080/10508406.2013.8373
https://doi.org/10.1016/j.ecolmodel.2014.07
https://doi.org/10.24191/ajue.v16i3.11072
https://doi.org/10.5194/isprs-archives-xlii-5-
https://doi.org/10.5194/isprs-archives-xlii-5-
https://doi.org/10.1096/fasebj.2022.36.s1.r5
https://doi.org/10.1096/fasebj.2022.36.s1.r5
https://doi.org/10.1093/tas/txac019
https://doi.org/10.1080/1389224x.2021.1942
https://doi.org/10.1080/1389224x.2021.1942
https://doi.org/10.1038/s41893-
https://doi.org/10.1038/s41893-

NIU Journal of Social Sciences

science and engineering problem-solving
expertise. International Journal of Science
Education, 44(13), 2061-2084.
https://doi.org/10.1080/09500693.2022.2111668
Ranjana, L. (2022). Usage of constructivist approach
for critical thinking. Research Review
International Journal of Multidisciplinary,

7(9), 69-73.
https://doi.org/10.31305/rrijm.2022.v07.i09.
010

Rodenburg, K., & MacDonald, K. S. (2021).
Enhancing business schools’ pedagogy on
sustainable business practices and ethical
decision-making.  Sustainability, 13(10),
5527. https://doi.org/10.3390/su13105527

Trimmer, J. T., Wolf, A., Bekchanov, M., Gunda, T.,
Jenkins, M. W., Lall, U., & Mihelcic, J. R.
(2017). Harmonizing goals for agricultural
intensification and human health protection
in sub-Saharan Africa. Tropical
Conservation Science, 10,
194008291772066.
https://doi.org/10.1177/1940082917720666

Xiang, J. (2023). Promoting innovation and practice of
introduction to artificial intelligence course
with curriculum civics as a handle. Asian
Journal of Education and Social Studies,
41(3), 30-36.
https://doi.org/10.9734/ajess/2023/v41i3897

Zhou, C., Liu, Y., & Zhang, X. (2023). Research on
the construction path of new agricultural
science in Xinjiang based on the high-quality
development of higher education. SHS Web

of Conferences, 153, 01028.
https://doi.org/10.1051/shsconf/2023153010
28

243


https://doi.org/10.1080/09500693.2022.2111668
https://doi.org/10.31305/rrijm.2022.v07.i09
https://doi.org/10.1051/shsconf/2023153010
https://doi.org/10.1051/shsconf/2023153010




