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This study examines the integration of concept mapping and authentic
assessment in pre-service elementary science education using a four-phase
professional development model. An embedded mixed-method design was
employed, involving 82 seventh-semester students in a primary school
teacher education program at a state university in Indonesia. Quantitative
data were collected through pre-tests, post-tests, and concept map analysis,
while qualitative data were obtained from questionnaires, interviews, and
reflections. The results show a significant improvement in students’
conceptual understanding, with scores increasing from 38.33% to 83.66%
(N-Gain=0.74, high category). Students demonstrated the ability to construct
concept maps with appropriate structural elements. However, challenges
remained in developing deep elaboration and meaningful cross-links,
indicating limitations in higher-order thinking and knowledge integration.
Qualitative findings indicate that concept maps effectively support
visualization and meaningful learning, although students faced difficulties in
contextual elaboration, hierarchy construction, and rubric use. This study
highlights the potential of concept mapping as both a learning and authentic
assessment tool. It also emphasizes the importance of scaffolding, iterative
feedback, and improved assessment rubrics to enhance learning outcomes in
teacher education.
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1. INTRODUCTION

Concept mapping and authentic assessment are two pedagogical strategies that have received
considerable attention in contemporary educational research due to their potential to enhance learning
outcomes and promote deeper understanding. Concept mapping, as a visual representation tool, enables
learners to organize, structure, and connect knowledge by illustrating relationships among concepts. This
approach has been widely recognized for its ability to foster meaningful learning, enhance critical thinking
skills, and support the integration of knowledge across disciplines [1], [2].

In the context of pre-service elementary science education, concept mapping plays a significant
role in supporting the development of conceptual understanding and pedagogical competence. It has been
effectively utilized to help pre-service teachers comprehend complex scientific concepts, design
interdisciplinary learning experiences, and strengthen their pedagogical content knowledge [3]-[5].
Furthermore, concept mapping functions as a reflective tool that allows pre-service teachers to identify
misconceptions, evaluate their own understanding, and refine their instructional strategies [6], [7].
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This reflective aspect is essential in preparing future teachers to become adaptive and critical practitioners in
science education. On the other hand, authentic assessment emphasizes the evaluation of learners’ abilities to
apply knowledge and skills in real-world or meaningful contexts. Unlike traditional assessment approaches
that often prioritize memorization, authentic assessment involves performance-based tasks that encourage
critical thinking, problem-solving, and decision-making [8], [9]. It has been shown to increase student
engagement, align closely with learning objectives, and provide a more comprehensive picture of learners’
competencies, thereby better preparing them for future professional challenges [10], [11]. In teacher
education, authentic assessment serves as a bridge between theoretical knowledge and classroom practice,
enabling pre-service teachers to demonstrate their competencies in realistic teaching scenarios and develop
professional readiness [12], [13].

Despite the well-documented benefits of concept mapping and authentic assessment as separate
instructional strategies, their implementation in pre-service elementary teacher education remains
problematic. In many cases, pre-service teachers still demonstrate limited higher-order thinking skills,
particularly in analyzing, synthesizing, and integrating scientific concepts. This limitation is reflected in their
difficulty in constructing meaningful conceptual relationships, especially in developing cross-links and deep
elaborations within concept maps. In addition, a persistent gap remains between theoretical knowledge
acquired in coursework and its application in real classroom practice. Although authentic assessment is
intended to bridge this gap, its implementation often remains superficial and task-oriented rather than
focusing on meaningful evaluation of conceptual understanding and pedagogical competence [14].

Furthermore, assessment competence among pre-service teachers is often underdeveloped. Many
students experience difficulties in designing valid and reliable assessment instruments, particularly in
constructing rubrics that can capture higher-order thinking and conceptual integration [15]. These issues
indicate that existing teacher education practices have not yet fully supported the development of integrated
knowledge structures and assessment literacy.

Although previous studies have explored concept mapping as a tool for knowledge organization and
authentic assessment as a means of evaluating real-world application, the integration of these two approaches
remains limited and largely descriptive [14]. Specifically, prior research has not sufficiently addressed how
concept mapping can be systematically positioned as an instrument of authentic assessment, particularly in
evaluating pre-service teachers’ ability to apply conceptual understanding in real teaching contexts [16], [17].
Moreover, there is still a lack of structured pedagogical models that explicitly integrate both approaches into
a coherent framework, as well as limited empirical evidence within the context of pre-service elementary
teacher education [18].

From a theoretical perspective, this study is grounded in the principles of meaningful learning,
which emphasize the integration of new knowledge into existing cognitive structures, and metacognition,
which involves learners’ awareness and regulation of their own thinking processes. Concept mapping
supports meaningful learning by enabling the visualization and hierarchical organization of knowledge, while
authentic assessment facilitates metacognitive reflection through performance-based evaluation [19].
However, the integration of these theoretical perspectives into a unified instructional and assessment
framework has not been sufficiently explored in previous studies.

In response to these gaps, the present study offers a novel contribution by integrating concept
mapping with authentic assessment in pre-service elementary science education through a structured
four-phase model. This study contributes to the field in three main ways. First, it develops an integrated
pedagogical model that connects learning processes and assessment practices within a coherent framework.
Second, it positions concept maps not only as learning tools but also as instruments of authentic assessment,
enabling a more comprehensive evaluation of knowledge structures, critical thinking, and application skills.
Third, it applies this integrated model within the context of pre-service elementary teacher education,
providing empirical evidence of its effectiveness in improving conceptual understanding and teaching
readiness [20].

Furthermore, this study addresses key implementation challenges by exploring strategies to support
pre-service teachers in developing concept mapping skills and designing effective authentic assessment tasks,
including the use of scaffolding, iterative feedback, and rubric development [18]. By doing so, it contributes
to the development of innovative and evidence-based practices in pre-service elementary science education.
The significance of this study lies in both its theoretical and practical implications. Theoretically, it advances
the framework of integrated learning and assessment by combining concept mapping and authentic
assessment within a single model. Practically, it provides concrete strategies that can be adopted by teacher
education programs to improve pre-service teachers’ readiness, promote meaningful learning, and enhance
the quality of assessment practices. Ultimately, this study supports the preparation of competent, reflective,
and professionally ready future teachers who are capable of bridging the gap between theory and classroom
practice.
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2. METHOD

This study employed an embedded mixed-method design, integrating quantitative and qualitative
approaches in a complementary manner [21]. The quantitative approach aimed to measure the effectiveness
of the four-phase model in improving students’ competence in constructing concept maps, while the
qualitative approach was used to explore students’ experiences, perceptions, and challenges in applying
concept maps through authentic assessment. In this design, qualitative findings were embedded within the
quantitative results to provide deeper explanations regarding how and why changes in conceptual
understanding occurred. Quantitative data, such as pre-test, post-test, and N-Gain scores, were used to
identify the extent of learning improvement. The test items were developed through a focus group discussion
(FGD) involving the research team. The resulting questions were then administered to 10 senior-level
students to ensure the readability and comprehensibility of the items presented. Follow-up interviews were
conducted with the respondents to identify any unclear wording or expressions. Based on the feedback
obtained, several minor revisions were made to the wording and sentence structure to improve clarity and
ensure that the questions could be fully understood by the respondents.

To measure students’ conceptual understanding before and after the implementation of the four-
phase professional development model, a four-item conceptual understanding test was developed and
administered as a pre-test and post-test. The test items were designed to assess students’ ability to explain the
benefits of concept mapping, identify the essential components of a concept map, explain how to develop a
concept map for a specific science concept, and apply concept mapping to thematic science learning
integrated with other subjects. Each item was accompanied by a five-level scoring rubric ranging from 0 to 4,
with higher scores indicating clearer, more relevant, and more elaborated conceptual responses. Table 1
presents the blueprint of the conceptual understanding questions, including the assessment indicators,
questions, and scoring criteria used for the pre-test and post-test.

Table 1. Blueprint of conceptual understanding questions (pretest—posttest)

Number Indicator Question Scoring rubric

1 Explaining the benefits of What are the benefits of developing Excellent (4): provides an answer with a
developing concept maps before  concept maps before the science learning  clear explanation relevant to the question
the science learning process. process? and includes appropriate reasons to

2 Explaining the components that In your opinion, what components support the answer.
should be included in a concept should be included so that it can be Good (3): provides an answer with a clear
map. considered a concept map? explanation relevant to the question, but

3 Explaining how to develop a How would you develop a concept map the supporting reasons are still not fully

concept map in discussing a
particular science concept.

4 Explaining how to develop a
mind map for thematic science
learning integrated with other
subjects.

to discuss a particular science concept?

How would you develop a mind map to
support thematic science learning
integrated with other subjects?

appropriate.

Poor (2): provides an unclear answer that
is only partially relevant to the question.
Very poor (1): provides an unclear answer
that is unrelated to the question.

No response (0): no answer is provided or

the answer is completely incorrect.

Whereas qualitative data from reflections, questionnaires, and interviews were utilized to explain
emerging patterns related to visualization, conceptual elaboration, rubric use, and difficulties encountered
during concept map construction. The participants consisted of 82 seventh-semester students enrolled in the
primary school teacher education program, who were taking the course “science learning development in
elementary school”. The participants were divided into two class groups during the odd semester of the
2024/2025 academic year, and the study was conducted at Universitas Pendidikan Indonesia. The research
procedure was based on the four-phase professional development model, which focuses on developing
concept map construction skills. In the first phase (introduction and design), students were introduced to the
fundamental concepts of concept mapping through a pre-test, theoretical instruction based on Novak and
Gowin’s framework [22], and individual and group activities involving the design and revision of concept
maps. The second phase (elaboration and assessment) focused on developing conceptual elaboration and
designing assessment rubrics, where students practiced evaluating concept maps and reflected on rubric
reliability as a tool for authentic assessment. The third phase (field implementation) involved the application
of concept maps in an elementary school classroom over a one-week period, followed by product revision
based on classroom feedback. The fourth phase (reflection) included collecting feedback through
questionnaires and interviews, as well as group discussions to formulate recommendations for improvement.

To assess the quality of the concept maps constructed by the students, this study employed an
assessment instrument developed based on Novak and Gowin’s criteria [22], including the number of
concepts, propositions, hierarchy levels, cross-links, and examples. In addition, the instrument incorporated
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aspects of conceptual elaboration assessed using a 1—4 scale rubric. The concept map assessment blueprint
was designed to ensure alignment between the assessment indicators, the measured aspects, and the
performance descriptors used in the evaluation process. The detailed blueprint of the concept map assessment
instrument is presented in Table 2. To ensure instrument validity, all research instruments were evaluated
through expert judgment involving three specialists in science education and educational assessment. The
concept map rubric was reviewed in terms of content validity, construct alignment, and clarity of
performance descriptors. Several revisions were made to improve the alignment between rubric indicators
and higher-order thinking skills, particularly in assessing conceptual integration, cross-links, and elaborative
explanations. In addition, the questionnaire and interview guidelines were reviewed to ensure their relevance
to the research objectives and the clarity of the items.

Instrument reliability was also established prior to data collection. Reliability of the concept map
scoring rubric was examined through inter-rater reliability analysis. Two independent raters evaluated
a subset of students’ concept maps, and the consistency of scoring was calculated using Cohen’s Kappa
coefficient, which indicated a substantial level of agreement between raters. Meanwhile, the questionnaire
instrument was tested using Cronbach’s alpha analysis, yielding a coefficient above 0.70, indicating
acceptable internal consistency and reliability.

Quantitative data were collected from pre-tests, post-tests, and concept map product scores, and
were analyzed using descriptive statistics and N-Gain analysis to determine the level of learning
improvement. Qualitative data were obtained from open-ended questionnaires, in-depth interviews, and
group reflection documentation, and were analyzed using thematic analysis techniques. The integration of
quantitative and qualitative findings was conducted during the interpretation stage by connecting statistical
trends with recurring qualitative themes. For example, improvements in concept map scores were interpreted
alongside students’ reflections regarding increased conceptual visualization, enhanced understanding of
interdisciplinary relationships, and challenges in constructing meaningful cross-links and elaborations.
To ensure the trustworthiness and validity of the findings, triangulation across data sources and methods was
employed.

Table 2. Blueprint of the concept map assessment instrument

Number Aspect Description
1 Structure of concept The organization and relationship among concepts in a concept map, including the accuracy of
maps propositions, hierarchy, cross-links, and examples in representing meaningful and logical
connections between concepts.
2 Quality of concept Students’ ability to explain and develop the content of the concept map accurately, clearly, and
map descriptions contextually based on the relationships among the concepts presented.
3 Cross-disciplinary The ability to connect science learning with other subject areas in a meaningful and coherent

thematic connections  manner to support the development of integrated thematic instruction.

3. RESULTS AND DISCUSSION
3.1. Phase I and II (introduction and design, elaboration and assessment)

The results of the tests administered to students before and after the implementation of the
professional development model focused on enhancing concept map construction are summarized in Table 3.
These data provide a comprehensive quantitative overview of the effectiveness of the four-phase professional
development model in improving concept mapping competence among pre-service elementary science
teachers. All results were derived from the second series of program workshops (Phases I and II) and are
directly linked to source documentation.

Table 3. Conceptual understanding: pre-test vs post-test
Testitem  Pre-test (%)  Post-test (%)

1 43.67 89.46
2 33.43 85.84
3 39.76 84.04
4 36.45 75.30
Average 38.33 83.66

The participants (N=82) completed the same four-item test before and after Phases I-II. The average
pre-test score of 38.33% (classified as “very low”) increased to 83.66% (“high”), yielding an N-Gain of 0.74,
which is considered high. The increase in students’ scores from 38.33% to 83.66% is not merely a statistical
improvement but indicates a substantial shift in conceptual understanding and knowledge organization.
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This improvement suggests that students moved from fragmented knowledge structures toward more
integrated and meaningful learning, which is essential for effective science teaching. However, the limited
development of cross-links and deep elaboration highlights that higher-order thinking skills, particularly
analysis and synthesis, are still not fully achieved. This finding reinforces the importance of scaffolding and
iterative feedback in supporting metacognitive development [23]. From a theoretical perspective, these
findings support the principles of meaningful learning, where knowledge is actively constructed and
hierarchically organized [24]. Additionally, the reflective use of concept maps aligns with metacognitive
theory, as students become more aware of their own understanding and learning processes [25]. The average
structure of the concept maps developed by the students is presented in Table 4. On average, each concept
map created by the students contained 26 concepts, 14 propositions, 12 levels of hierarchy, 2 cross-links, and
4 illustrative examples—in accordance with the structural criteria of Novak and Gowin [22]. Meanwhile, the
quality of concept map descriptions for each keyword is presented in Table 5.

Students provided written explanations of their concept maps, which were assessed on a scale
from 1 (minimal) to 4 (in-depth elaboration). Although 53.66% reached Level 3 (map+context), only 12.20%
achieved Level 4 (map+context+deep scientific elaboration), indicating a need for deeper domain integration.
Students connected science concepts with an average of two non-science subjects and provided two
justifications per connection, reflecting initial thematic integration aligned with the national curriculum.
Table 6 presents the results of students’ cross-disciplinary thematic connections developed through mind
maps. The table summarizes the average number of non-science subjects integrated into the thematic
framework and the average number of justifications provided for each connection, reflecting students’ ability
to establish meaningful interdisciplinary relationships in science learning.

Table 4. Average structure of concept maps

Element Average quantity
Concepts 26
Propositions 14
Hierarchical levels 12
Cross-links 2
Tllustrations 4

Table 5. Quality of concept map descriptions
Level Description n %
4 Map-+context+deep scientific elaboration 10 12.20

3 Map-+context (without deep elaboration) 44  53.66
2 Map only (without context) 28  34.14
1 Inappropriate map or concept list only 0 0.00

Table 6. Cross-disciplinary thematic connections (mind maps)

Metric Average
Non-science subjects connected 2
Justifications per connection 2

The improvement across all concept indicators indicates that the instructional model was effective in
enhancing students’ concept-mapping skills, consistent with research showing that concept mapping
promotes meaningful learning through the organization and integration of knowledge [26], while also
fostering critical thinking, problem-solving skills, and the ability to connect theory and practice [27], which
are further strengthened through repeated practice and feedback [28]; however, although students were able
to include the core elements of concept maps based on Novak and Gowin’s principles [29], [30], the limited
use of cross-links and lack of deep elaboration indicate that their ability to construct more complex maps still
needs improvement [1], [14], suggesting that higher-order thinking skills such as analysis and synthesis are
not yet fully developed [31], [32], thus requiring instructional strategies such as scaffolding to support deeper
elaboration [33].

The depth of description shows that most students reached contextual description (Level 3), while
only a few achieved full scientific elaboration (Level 4), indicating limited domain-specific reasoning skills.
This is consistent with findings that structured support such as scaffolding, modeling, and iterative feedback
is essential to help students move from basic description to deeper scientific reasoning [34]. Furthermore,
the layered model of academic writing development suggests that effective scientific elaboration develops
progressively from description to analysis and critique, highlighting the need for a spiral learning approach [35].
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Meanwhile, cross-disciplinary integration, reflected in an average of two connections and justifications per
task, indicates an early stage of thematic integration. Such integration is crucial for addressing complex real-
world problems, as it enhances critical thinking, creativity, and collaboration [36]. However, achieving
deeper integration remains challenging, requiring structured frameworks, support for linking knowledge
across disciplines, and alignment between learning objectives and practical applications [37].

3.2. Phase III (field implementation)

Students’ experiences and perceptions in applying concept maps through authentic assessment in the
field. Table 7 presents students’ perceptions regarding the application of concept maps through authentic
assessment during field implementation. The ease of concept visualization (85%) indicates that concept maps
are effective in helping students understand knowledge structures through visual representations that show
hierarchical relationships among concepts [38]. This allows students to better comprehend complex ideas and
see connections between concepts, supporting meaningful learning and improving retention [3], [39].
Additionally, concept maps are considered practical and easy to integrate into instructional processes [40].
However, challenges in contextual elaboration (62%) suggest that students still struggle to add detailed
information to concept maps, particularly due to time constraints and high cognitive load. While the basic
structure of concept maps is relatively easy to understand, developing deeper connections between concepts
requires time and practice [41]. With continued practice and feedback, students’ ability to elaborate and
organize information tends to improve.

Difficulties in determining hierarchy and cross-links, reported by about 50% of participants, indicate
that constructing complex concept map structures remains challenging. This is due to the complexity of
relationships between concepts, which are not always clearly visible, highlighting the need for structured
frameworks, concrete examples, or supporting tools to facilitate hierarchical organization and connections
[42]. In addition, the need to improve authentic assessment rubrics was identified, with approximately
46% of participants expressing that the current rubrics lack sufficient detail in evaluating contextual
elaboration and inter-concept relationships. Effective rubrics should provide clear criteria, as well as ensure
validity and reliability to support consistent and meaningful assessment [43]. Involving students in rubric
design and aligning it with real-world contexts are also important to enhance understanding, fairness, and the
effectiveness of authentic assessment [44].

Table 7. Frequency of themes in participant reflections

Experience/perception theme Percentage of respondents (%)
Ease of concept visualization 85
Challenges in contextual elaboration 62
Difficulties in determining hierarchy and cross-links 50
Need for improvement in authentic assessment rubrics 46

3.3. Phase IV (reflection)

During the reflection phase, the researchers provided all 82 students with the opportunity to
complete a questionnaire and participate in in-depth interviews regarding the strengths, weaknesses, and
challenges of applying concept maps in real classroom settings. Table 8 presents the main themes identified
during the reflection phase based on questionnaire responses and in-depth interviews with participants.
The themes summarize students’ experiences, perceived benefits, and challenges encountered during the
implementation of concept maps in authentic classroom settings, particularly related to visualization,
contextual elaboration, concept hierarchy, cross-links, and assessment rubric development.

Table 8. Reflection phase: key themes and brief descriptions
Theme Brief description

Ease of visualization Most participants reported that concept maps helped them clearly visualize the structure of
science content, making conceptual relationships more tangible and intuitive during
classroom instruction.

Contextual elaboration challenges Many students struggled to add real-world contexts—such as examples, applications, or
illustrations—to each concept node. Only 12.20% of participants reached the highest level
of science content elaboration (Level 4).

Hierarchy and cross-link difficulties ~ About half of the participants reported confusion in determining concept hierarchies and
constructing accurate cross-links; on average, they included only two cross-links per map.

Need for rubric improvement Participants suggested developing more detailed assessment rubrics with performance
descriptors for each criterion and exemplar concept maps to support more consistent and
transparent assessments in authentic classroom contexts.

Int J Eval & Res Educ, Vol. 15, No. 5, October 2026: 4093-4102



Int J Eval & Res Educ ISSN: 2252-8822 a 4099

Concept maps are widely recognized as effective tools for visualizing and organizing science
content, making conceptual relationships more tangible and intuitive for students during classroom
instruction. They allow learners to structure information visually, facilitating comprehension of complex
topics and interconnections between concepts [45]. Students often report that concept maps enhance their
understanding and retention of material, as they provide a clear, holistic view of course content [46].
For example, in engineering and science education, concept maps have been shown to improve students'
ability to connect theoretical knowledge with practical applications, fostering deeper learning [14]. However,
students still face challenges in contextual elaboration, particularly in adding real-world examples or
applications to each concept. These difficulties are driven by the cognitive demands of selecting and
integrating relevant information, resulting in only a small proportion of students reaching the highest level of
elaboration.

Difficulties in determining hierarchy and cross-links indicate that students still face challenges in
constructing complex knowledge structures, particularly when dealing with abstract or indirectly related
concepts. Identifying hierarchical relationships and meaningful connections requires higher-order thinking
skills, and limitations in these abilities result in the relatively low use of cross-links. Consequently, the
integration and synthesis of knowledge remain underdeveloped, as cross-links play a crucial role in
connecting different parts of a concept map [47], [48]. Meanwhile, current assessment rubrics tend to focus
primarily on structural aspects, such as the number of concepts or links, and do not fully capture the quality
of content or depth of understanding. This highlights the need for more comprehensive rubrics that include
detailed performance descriptors for each criterion, enabling clearer and more systematic evaluation [49].
In addition, providing exemplar concept maps can help clarify expectations for students, while the use of
technological tools and holistic assessment approaches can enhance objectivity, consistency, and the overall
meaningfulness of the assessment process [50].

This study provides several practical implications for teacher education programs. The findings
suggest that the integration of concept mapping and authentic assessment can be effectively incorporated into
course design to support the development of conceptual understanding, critical thinking, and professional
teaching competencies among pre-service teachers. The study also highlights the importance of providing
scaffolding through guided examples, structured practice, and iterative feedback to help students construct
more meaningful and well-organized concept maps. In addition, the findings emphasize the need for detailed
assessment rubrics with clear performance descriptors to support consistent and transparent evaluation
processes. Engaging students in rubric co-construction was also identified as a valuable strategy for
enhancing assessment literacy and promoting deeper understanding of assessment criteria and learning
expectations [51]. From a policy perspective, the integrated model developed in this study aligns with
national teacher competency standards, particularly in strengthening pedagogical, professional, and
assessment competencies. Therefore, this model has the potential to be adopted as a framework for
curriculum development in teacher education institutions to better prepare future teachers for authentic
classroom practice and meaningful science learning implementation.

4. CONCLUSION

This study demonstrates that integrating concept mapping and authentic assessment through
a structured four-phase model not only improves conceptual understanding but also addresses critical gaps in
teacher education, particularly in higher-order thinking, knowledge integration, and assessment competence.
The findings highlight that without structured support, pre-service teachers tend to develop fragmented
knowledge, which may hinder their effectiveness in real classroom settings. Therefore, this study provides
a concrete pathway for transforming teacher education practices by promoting meaningful learning, reflective
thinking, and authentic evaluation. Ultimately, this research contributes to the future of elementary science
education by offering an evidence-based model that bridges theory and practice, enhances teaching readiness,
and supports more effective and meaningful assessment systems.
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