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ABSTRACT

Background and Objectives: Concept maps, as assessment tools, can facilitate learners'
knowledge construction processes. In our country, there is a lack of studies that examine the
impact of assessment on learning. Moreover, investigating the effect of assessment on anxiety,
especially exam anxiety as an inhibitory factor in learning, can determine the efficacy of such
tools. This study aimed to evaluate the effectiveness of concept mapping as a formative
assessment tool on science learning and exam anxiety among sixth-grade elementary students.
Methodology: A quasi-experimental research design with a pretest-posttest and a control group
was utilized. The study population consisted of students from two sixth-grade male classes in two
similar schools in District 1 of Arak city, selected through convenience sampling. The classes
were randomly assigned to either an experimental or a control group. Initially, both groups
completed a researcher-developed sixth-grade science test and Phillips Exam Anxiety
Questionnaire as pretests. The intervention was implemented over 15 sessions for the
experimental group, while the control group received conventional instruction. Data were
analyzed using descriptive and inferential statistics (analysis of covariance).

Findings: Results indicated that using concept maps as a formative assessment tool significantly
improved sixth-grade elementary students’ science learning (F=53.347) and reduced exam anxiety
(F=48.222). In other words, the experimental group demonstrated greater improvement in science
learning and performance compared to the control group, while experiencing a more significant
reduction in exam anxiety. Specifically, anxiety-related physiological and behavioral symptoms
decreased more in the experimental group than in the control group.

Conclusion: Concept mapping as a formative assessment tool can be an effective strategy for
addressing science learning challenges, managing exam anxiety, and ultimately enhancing exam
performance.
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Extended Abstract

Introduction

The early years of schooling play a crucial role in shaping students' foundational skills and
attitudes, significantly influencing their future learning experiences. During this period, students
develop essential cognitive abilities and form initial perceptions of their educational journey,
making it a critical stage for academic success (Shin et al., 2019; Peters-Burton et al., 2019).
Science education, in particular, fosters curiosity and enhances students' understanding of the
world. Despite continuous efforts to improve science instruction, many students still struggle
with scientific concepts (Maryani et al., 2018). In Iran, difficulties in science learning are
especially pronounced. International assessments, such as the Trends in International
Mathematics and Science Study (TIMSS), indicate that Iranian students score significantly
lower than their global counterparts. For instance, TIMSS 2019 results showed that Iranian
students' science performance was 20-30% below the international average (TIMSS, 2019;
Saadati, 2019). This highlights an urgent need to investigate the underlying causes of these
learning challenges and explore effective teaching strategies to address them. Beyond science
learning difficulties, exam anxiety is another major barrier to academic success. Students who
struggle to understand scientific concepts often experience heightened anxiety during
assessments, negatively affecting their performance (Sarason, 1977). Exam anxiety manifests
through physiological and behavioral stress symptoms, particularly impacting young learners by
shaping their long-term attitudes toward education (Larson et al., 2010; McDaniel et al., 2011).
Traditional assessment methods, which emphasize final test scores over continuous feedback,
exacerbate this anxiety by providing students with limited opportunities to improve their
understanding before final evaluations (Heritage et al., 2009; Duckor & Holmberg, 2019). In
contrast, formative assessments offer continuous feedback, allowing students to refine their
knowledge and reduce stress levels. Research suggests that formative assessment enhances
learning outcomes and alleviates test-related stress (Wang & Lee, 2021; Schellekens et al.,
2021). One widely used formative assessment tool in science education is concept mapping.
Concept maps are visual tools that help students organize information, identify relationships
between key concepts, and clarify misconceptions. Studies have shown that concept maps
enhance comprehension, facilitate deeper learning, and reduce anxiety by providing a less
stressful way to demonstrate knowledge (Novak & Musonda, 1991; Ruiz-Primo & Shavelson,
1996; Tang & Tang, 2024). Although concept maps have been applied in various educational
contexts (Davari et al.,, 2012; Chen & Hwang, 2020), limited research has explored their
effectiveness as formative assessment tools in Iranian primary school science education. This
study aimed to investigate the impact of concept maps on both science learning outcomes and
exam anxiety among Iranian primary school students.

Theoretical Foundations:

This study is grounded in constructivist learning theory, which emphasizes active student
engagement in the learning process. According to constructivist principles, meaningful learning
occurs when students integrate new information with their prior knowledge (Piaget, 1952;
Vygotsky, 1978). Concept maps align with this perspective by helping students visualize and
connect ideas, thereby facilitating deeper understanding. Additionally, cognitive load theory
(Sweller, 1988) supports the use of concept maps, as they help manage the cognitive demands
of learning complex scientific concepts. By breaking down information into interconnected
components, concept maps reduce extraneous cognitive load, making learning more effective.
Exam anxiety is best understood through the transactional model of stress and coping (Lazarus
& Folkman, 1984), which suggests that anxiety arises when individuals perceive a mismatch
between their abilities and task demands. Formative assessments, such as concept maps, can
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alleviate this stress by providing structured opportunities for students to build confidence in
their knowledge before high-stakes testing.

Methodology:

A quasi-experimental research design with a pretest-posttest and a control group was utilized.
The study population comprised students from two sixth-grade male classes in two similar
schools in District 1 of Arak city, selected through convenience sampling. The classes were
randomly assigned to either an experimental or a control group. Initially, both groups completed
a researcher-developed sixth-grade science test and the Phillips Exam Anxiety Questionnaire as
pretests. The intervention was implemented over 15 sessions in the experimental group, while
the control group continued with conventional instruction. Data were analyzed using descriptive
and inferential statistics (analysis of covariance).

Findings:

The study’s results demonstrated that using concept maps as formative assessment tools had a
significant positive effect on both science learning outcomes and exam anxiety reduction.

1. Impact on Science Learning Outcomes The ANCOVA results indicated a statistically
significant improvement in science learning outcomes in the experimental group compared to
the control group (F = 53.347, p < 0.001). Students in the experimental group demonstrated
better comprehension and retention of scientific concepts, suggesting that concept maps
facilitated deeper learning. 2. Impact on Exam Anxiety, The experimental group exhibited a
significant reduction in exam anxiety levels compared to the control group (F = 48.222, p <
0.001). Physiological and behavioral symptoms of anxiety, such as nervousness and stress, were
notably reduced during the intervention. Students reported feeling more confident and less
stressed when demonstrating their understanding through concept maps rather than traditional
testing methods. These findings highlight the effectiveness of concept maps in both improving
learning and reducing assessment-related stress.

Conclusion and Recommendations:

The results confirm that integrating concept maps as formative assessment tools can
significantly enhance science learning outcomes. Concept maps promote meaningful learning
by enabling students to establish connections between concepts, leading to a more profound and
lasting understanding of the subject matter (Novak, 1990; Ruiz-Primo, 2004; Novak & Caas,
2006). This deeper comprehension increases confidence and preparedness for assessments,
which subsequently reduces exam anxiety (Jegede et al., 1990). Additionally, concept maps
support knowledge retention and retrieval, improving academic performance. Given these
benefits, the study recommends that educators incorporate concept maps into science instruction
as a formative assessment strategy. Practical Recommendations:

1. Implement Concept Maps in Science Education — Teachers should integrate concept mapping
techniques into daily lessons to enhance student engagement and understanding. 2. Provide
Training for Educators — Workshops should be conducted to familiarize teachers with effective
concept map design and implementation. 3. Encourage Student Participation — Students should
be encouraged to create their own concept maps as a study strategy to reinforce learning. 4.
Expand Research on Concept Maps — Further studies should investigate their effectiveness
across different subjects and student demographics. By adopting concept maps as formative
assessments, educators can address science learning challenges while alleviating exam anxiety,
ultimately fostering better educational outcomes.

Ethical Considerations:

This study adhered to ethical guidelines, including obtaining approval from relevant educational
institutions, informing participants about the study’s objectives, and ensuring the confidentiality
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