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Introduction

As real-world challenges are inherently complex, ill-structured, and in-
terdisciplinary in nature (Chin & Chia, 2006), the ability to think critically and 
integrate scientific ideas across multiple disciplines has become increasingly 
essential for effective scientific problem-solving (Alagona & Simon, 2010; 
Gardiner, 2020; Melton et al., 2022). In such societal challenges, interdisci-
plinary thinking provides students with the cognitive capabilities necessary 
to navigate causal uncertainty and devise effective solutions to pressing 
social issues, such as those related to climate change and sustainability (Tan 
& So, 2019; Thomas, 2009; Tripp & Shortlidge, 2020). However, research has 
shown that students frequently have difficulties recognizing contributions 
from multiple disciplines to complex topics (Richter & Paretti, 2009), and 
synthesizing insights across different disciplinary perspectives (Spelt et al., 
2009; Zhan et al., 2017). As a result, fostering interdisciplinary thinking has 
been widely recognized as a critical goal at the K-12 levels (Bestelmeyer et al., 
2015; National Research Council, 2012; Newell & Luckie, 2019; Scott, 2015). 
Interdisciplinary teaching and learning practices have been emphasized to 
engage students with societal issues (Asghar et al., 2012; Newell & Luckie, 
2019), with the belief that such learning experiences could benefit students’ 
cognitive learning outcomes and understanding of real-world problems 
(Lattuca et al., 2017; Markauskaite et al., 2024). 

The assessment of students’ interdisciplinary thinking is an important 
part for formulating tailored pedagogical strategies that effectively enhance 
its development in middle school science (Asghar et al., 2012). Despite the 
acknowledged significance of interdisciplinary thinking, developing a valid 
and reliable assessment for interdisciplinary learning remains challenging 
(Gao et al., 2020; Tripp et al., 2020). While previous studies have explored the 
theoretical elements of interdisciplinary thinking and emphasized its value 
for comprehensive scientific problem-solving, few studies have specifically 
developed valid and reliable assessment instruments designed to measure 
this complex construct among middle school students (Lattuca et al., 2017). 
Conventional assessment methods, including written assignments, surveys, 

Abstract. Interdisciplinary thinking is 
critical for equipping students to apply 

scientific knowledge and tackle societal 
challenges across various disciplines, 

which has been recognized as a key 
objective of twenty-first century science 

education. However, research on effective 
interdisciplinary assessment in secondary 

school science education is still limited. 
The purpose of this study was to develop 

and validate an instrument for evaluating 
seventh graders’ interdisciplinary thinking 

within lower-secondary science contexts. 
A four-dimensional framework for 

evaluating interdisciplinary thinking was 
proposed, leading to the development of an 

assessment instrument. Participants were 
316 seventh–grade students randomly 

selected from a lower-secondary school 
in Jiangsu, China. The multidimensional 

random coefficients multinomial logit 
(MRCML) model was employed to 

examine the reliability and validity of 
the instrument. The results indicated 

that the four–dimensional conceptual 
framework of interdisciplinary thinking 

was appropriate, and the multidimensional 
partial credit model (PCM) fitted the data 

reasonably well. The differential item 
functioning (DIF) analysis also revealed 
the absence of gender bias, confirming 
the measurement invariance statistics 

reached. In addition, disparities in student 
performance across the four dimensions 
were identified, highlighting the need for 

tailored instructional practices to foster 
their ability in lower-secondary school 

science education.
Keywords: educational assessment, 

interdisciplinary thinking, 
multidimensional item response model, 
Rasch measurement, science education

Shasha Chen, Shaohui Chi,  
Zuhao Wang

East China Normal University, P. R. China

https://doi.org/10.33225/jbse/25.24.53



Journal of Baltic Science Education, Vol. 24, No. 1, 2025

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

54

and think-aloud interviews, have often failed to capture the multifaceted nature of interdisciplinary thinking with 
empirical rigor (Claus & Wiese, 2019; Tripp & Shortlidge, 2020; Tripp et al., 2020; Wolfe & Haynes, 2003), resulting 
in a disparity between assessment practices and developmental objectives in interdisciplinary learning (Gao et 
al., 2020). Besides, these assessments did not report on the validation process for the quality of the instruments. 
Moreover, there is a scarcity of research concerning lower-secondary school students, which leads to a poor un-
derstanding of student competency development.

To bridge this gap, the current study aimed to develop and empirically validate an assessment instrument 
to evaluate seventh graders’ proficiency in interdisciplinary thinking within lower-secondary school science 
education. The multidimensional Rasch analysis was employed to confirm the reliability and construct validity 
of interdisciplinary thinking while accounting for item difficulty and student ability. The findings from this study 
were intended to inform educational practices, thereby supporting the targeted development of interdisciplinary 
thinking throughout lower-secondary school science education.

Literature Review

Interdisciplinary Thinking

Interdisciplinary thinking are complex cognitive abilities that entail making connections among multiple 
ideas and integrating knowledge and approaches from various disciplinary perspectives within an interdisciplin-
ary system (Lattuca et al., 2017; Mansilla & Duraising, 2007; Newell, 2001; Spelt et al., 2009; Spelt et al., 2017; Tripp 
& Shortlidge, 2020; Van den Besselaar & Heimeriks, 2001; van Merriënboer, 1997). Research suggests that inter-
disciplinary thinking encompasses multiple dimensions simultaneously (Spelt et al., 2009), including disciplinary 
grounding (Mansilla & Duraising, 2007; Tripp & Shortlidge, 2019), knowledge integration (Repko, 2008; Tripp & 
Shortlidge, 2020), critical awareness (Mansilla et al., 2009; Tripp et al., 2020), objectivity (Tripp & Shortlidge, 2020), 
system analysis (Wang & Song, 2021), reasoning and communication (Lattuca et al., 2013; Shen et al., 2015), and 
reflection (Claus & Wiese, 2019; Lattuca et al., 2013). For instance, Spelt et al. (2017) identified three key dimen-
sions of interdisciplinary learning experiences as emotional, cognitive, and social. Tripp and Shortlidge (2019) 
categorized interdisciplinary thinking into four components: disciplinary grounding, diverse research methods, 
knowledge integration, and across-disciplinary collaboration. Interdisciplinary thinking is also exemplified in the 
Next Generation Science Standards (NGSS) by categorizing each standard into seven crosscutting concepts, such 
as stability and change; and scale, proportion, and quantity (NGSS Lead States, 2013). 

In secondary science education, the cognitive complexity of interdisciplinary thinking is contextualized and 
actualized through students’ engagement in scientific learning activities grounded in real-world environments 
(Tan & So, 2019; Tripp et al., 2020). Such authentic and contextualized tasks provide opportunities for students to 
advance their understanding by tackling interdisciplinary problem-solving (Tripp & Shortlidge, 2020). This means 
that students need to acknowledge the interdisciplinary nature of science to develop cognitive structures that 
incorporate disciplinary boundaries and approaches (Mansilla & Duraising, 2007), enabling reflective analysis of 
system components and constructing solid arguments to address interdisciplinary challenge, thus supporting the 
advancement of comprehensive decision-making.

Enhancing Students’ Interdisciplinary Thinking through Science Education

Interdisciplinary thinking provides students with opportunities for cognitive advancement that would not be 
achieved through monodisciplinary learning (Borrego & Newswander, 2010; Mansilla & Duraising, 2007; Newell, 
2001; Nikitina, 2005; Spelt et al., 2009). This cognitive flexibility enables them to analyze complex phenomena and 
create solutions in interdisciplinary ways, such as environmental sustainability, food security, and global health 
challenges (Bestelmeyer et al., 2015; Ivanitskaya et al., 2002; Knobloch et al., 2020; Valley et al., 2018). Lattuca et 
al. (2004) addressed interdisciplinarity through cognitive and sociocultural lenses. From a cognitive perspective, 
it promotes the integration of prior knowledge with learning activities, allowing students to tackle ill-structured 
problems and develop high-order thinking skills; while socioculturally, it enhances their epistemological growth 
through social and cultural interactions that shape learning (Illeris, 2003). These two perspectives contribute valu-
able insights into how and why students learn, therefore fostering interdisciplinary habits of mind and practices.

Interdisciplinary thinking emerges as students transition from fundamental disciplinary knowledge to more 
complex, interconnected understandings that transcend disciplinary boundaries (Cowden & Santiago, 2016; Kno-
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bloch et al., 2020). This progress, accompanied by reflective behaviors (Brassler & Dettmers, 2017), underscores the 
need for tailored curriculum designed to support such cognitive growth. Numerous studies suggest that experi-
ential and problem-based learning approaches, integrated into curricular frameworks within scientific practice, 
are instrumental in facilitating such core interdisciplinary competences (Brassler & Dettmers, 2017; Busta & Russo, 
2020; Clemmons et al., 2020; Spelt et al., 2017; Stentoft, 2017). For example, Busta and Russo (2020) created an 
integrative plant chemistry module within laboratory settings. Their findings indicated that authentic hand–on 
scientific experiences promoted students’ interdisciplinary thinking and led to innovative inferences. Neverthe-
less, limited assessment has been undertaken to assess the development of students’ competence in this domain, 
hence posing challenges for the effective cultivation of interdisciplinary thinking within the lower-secondary 
school science context.

Assessments Related to Interdisciplinary Learning Outcomes 

Assessment is a crucial component of the learning environment that fosters interdisciplinary thinking among 
students. However, despite a significant emphasis on interdisciplinary learning and instruction, there exists a paucity 
of empirical research regarding effective interdisciplinary assessment methods within school science education 
(Gao et al., 2020; Mansilla, 2005; You et al., 2018). For example, Lan et al. (2021) conducted a pencil–and–paper 
assessment for upper–secondary students regarding environmental issues based on Wilson’s Construct Modeling 
framework. Wang and Song (2021) evaluated the interdisciplinary competences of middle school students with 
short answers, extended–response, and hands-on assignments.

Several studies have performed interdisciplinary assessments utilizing college students as subjects. Shen 
et al. (2014) designed an interdisciplinary assessment within the Web–based inquiry science environment to 
evaluate college students’ interdisciplinary understanding of osmosis from a knowledge integration perspective. 
Similarly, You et al. (2018) validated the Interdisciplinary Scientific Assessment of the Carbon Cycle for senior high 
school and college students, combining both multiple-choice and constructed-response tasks across the fields of 
physics, chemistry, biology, and earth science. Tripp and Shortlidge (2020) employed the written assignment to 
assess undergraduates’ interdisciplinary science thinking in relation to real-world issues, and validate the construct 
validity of the Interdisciplinary Science Rubric (IDSR) using semi-structured and think-aloud interviews (Tripp et 
al., 2020). Jayathilaka (2021) further constructed and validated the Interdisciplinary Problem-Solving Quiz (IPSQ) 
to evaluate undergraduates’ comprehension and application of concepts towards real-world issues at the junction 
of subdisciplines in chemistry, including Organic, Inorganic, Physical, Analytical, and Biochemistry.

To summarize, there is a deficiency of empirical research on the assessment of interdisciplinary thinking, par-
ticularly in a lower-secondary science education context. Moreover, the existing assessments often fail to capture the 
multifaceted features of students’ interdisciplinary thinking in authentic societal contexts. This gap may stem from 
a lack of available instruments to assess interdisciplinary thinking throughout secondary school science, leaving 
the field remaining in an exploratory stage with limited empirical evidence concerning the dimensional structure 
of interdisciplinary thinking. Consequently, there is a pressing need for tasks linked to real–world social issues to 
thoroughly assess students’ interdisciplinary thinking. The findings intend to inform instructional practices to develop 
and solidify students’ such competence in an interdisciplinary science curriculum at the lower-secondary level.

Research Aim and Research Questions

Despite its acknowledgement as a complex and multifaceted cognitive competence, interdisciplinary think-
ing has not been thoroughly validated through empirical research. The purpose of this study was to develop and 
validate an assessment instrument for evaluating seventh graders’ interdisciplinary thinking. The research sought 
first to enhance the current knowledge base by empirically validating a conceptual framework of interdisciplinary 
thinking using multidimensional Rasch analysis. And then, an assessment of seventh–grade students’ proficiency 
in interdisciplinary thinking was performed within the context of lower-secondary science education. Specifically, 
the research was directed by the subsequent questions:

1.  What evidence confirms the dimension structure, reliability, and construct validity of the instrument 
developed to evaluate seventh grade students’ interdisciplinary thinking?

2.  What are the performance levels of seventh-grade students in interdisciplinary thinking across its 
subdimensions?

INTERDISCIPLINARY THINKING AMONG SEVENTH-GRADE STUDENTS IN LOWER-
SECONDARY SCIENCE EDUCATION
(pp. 53-70)

https://doi.org/10.33225/jbse/25.24.53



Journal of Baltic Science Education, Vol. 24, No. 1, 2025

ISSN 1648–3898     /Print/

ISSN 2538–7138 /Online/

56

Measurement Framework

According to the literature review, the current study defined interdisciplinary thinking as a multifaceted 
cognitive ability that enables students to integrate knowledge and methods from multiple disciplines to dynami-
cally analyze, articulate, and reflect on real-world phenomena from diverse perspectives (Borrego & Newswander, 
2010; Claus & Wiese, 2019; Mansilla & Duraising, 2007; Spelt et al., 2009; Tripp & Shortlidge, 2020). The framework 
for interdisciplinary thinking consists of four related competency dimensions: comprehensive analysis (CA), inter-
pretive argumentation (IA), systematic integration (SI), and critical reflection (CR) (Claus & Wiese, 2019; Lattuca et 
al., 2017; Wang & Song, 2021; Wolfe, 2011; Wolfe & Haynes, 2003). Together, these four dimensions foster deeper 
cognitive engagement by assisting students in constructing meanings across disciplinary boundaries, deepening 
their extensive understanding and cognitive flexibility in science learning (see Appendix A for complete framework 
and competency levels of interdisciplinary thinking).

Comprehensive analysis involves the ability to systematically recognize, identify, and analyze cause-and-
effect relationships in a problem using insights from multiple disciplines (van Merriënboer, 1997; Wang & Song, 
2021). The performance levels vary by the complexity of the relationships between causes and effects (Grotzer & 
Solis, 2015). Students at the basic level can recognize linear cause–and–effect chains, exhibiting the capacity to 
contemplate fragmented scientific concepts without considering multiple variables. Intermediate–level students 
are capable of identifying multiple relevant factors from two or more essential disciplinary viewpoints, yet tend 
to perceive them in isolation. Moreover, advanced students can account for interactions across several disciplines 
through a multivariate causal model, analyzing how various variables interact within a complex system (Hmelo-
Silver & Pfeffer, 2004; Perkins & Grotzer, 2005). 

Interpretive Argumentation denotes the ability to articulate and justify claims or explanations by thoroughly 
examining problems based on disciplinary knowledge (Shen et al., 2015; Wolfe & Haynes, 2003). The hierarchy of 
capability in this dimension progresses from basic assertions to composite arguments, illustrating how students at 
different proficiency levels engage with different scientific ideas, correlate evidence with these multidimensional 
perspectives, and present cohesive and reasoned arguments (Osborne et al., 2016; Sampson & Clark, 2008; Voss et 
al., 1993). At the advanced level, students construct well–reasoned and logical arguments supported by relevant 
and accurate scientific concepts across disciplines (Zohar & Nemet, 2002). Intermediate–level students, however, 
articulate claims utilizing various evidence sources and alternative disciplinary viewpoints, yet they may demon-
strate flaws in the interactions and logic between claims and evidence (Lee et al., 2014). Furthermore, students at 
the elementary level can only justify explanations using isolated pieces of scientific knowledge, showing a lack of 
depth and coherence in their argumentation (Sandoval & Millwood, 2005).

Systematic integration signifies being capable to connect and apply varied disciplinary insights to produce 
novel ideas or attain a new understanding from integrative perspectives (Mansilla & Duraising, 2007; Tripp & 
Shortlidge, 2019). Disciplinary coordination places significant cognitive demands on students (Shen et al., 2014). 
The development of this learning continuum requires moving from the acquisition of isolated, single–discipline 
knowledge to recognizing interaction among disciplines, ultimately forming a holistic cognitive framework of the 
interdisciplinary phenomena (Ivanitskaya et al., 2002; Newell, 2001). At the basic levels, students create solutions 
from several disciplines but treat each independently, reflecting a compartmentalized disciplinary understanding. 
As students progress to the intermediate level, they can grasp and make connections between disciplinary insights 
to address specific target problems, although the integration may remain surface–level (Gouvea et al., 2013). Finally, 
students at advanced level demonstrate deep integration, applying facts and principles from multiple disciplines 
to address new complex interdisciplinary issues with an internalization of integrated perspective (Nikitina, 2005).

Critical reflection involves comparing and evaluating the means and limitations of disciplinary knowledge 
integration at a metadisciplinary level, which is also the key for transferring interdisciplinary knowledge (Howlett et 
al., 2016; Mansilla & Duraising, 2007; Mansilla, 2005; Schijf et al., 2023). The developmental trajectory in this domain 
emphasizes the shift from perceiving knowledge as absolute to growing a critical awareness that acknowledges the 
uncertainty and complexity among a range of disciplines, progressing towards evaluative epistemology (Kuhn, 1999; 
Mezirow, 1990). Students become aware of the inherent limitations within disciplinary assertions at the fundamental 
level. Intermediate-level students, as they advance, compare and reflect on intersections and distinctions among 
disciplines while exploring alternative solutions. In addition, the advanced–level students can critically reevaluate 
the processes and constraints associated with the integration of diverse disciplinary perspectives, thereby driving 
a more profound cognitive enhancement (Lai, 2011; Tripp & Shortlidge, 2020). 
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Research Methodology

Instrument Development

Following Wilson’s construct modeling approach (Wilson, 2005), a group of seven members (comprising two 
professors in science education, two experienced science educators, and three doctoral candidates in science 
education) assembled to develop interdisciplinary thinking items for the lower-secondary level. Previous studies 
emphasize that the sense of place generated through authentic real-world tasks is essential for promoting inter-
disciplinary learning outcomes and establishing connections among scientific concepts (Alagona & Simon, 2010; 
Rahm, 2002; Tan & So, 2019). Accordingly, four interdisciplinary assessment contexts pertaining to real–world issues 
in interdisciplinary science were identified, including global climate change, ecosystems and biodiversity, agriculture 
and food science, as well as science and technology. Within these contexts, a series of constructed–response items 
were created, as such tasks encourage open-mindedness and are more efficient for examining cross–disciplinary 
relevance than multiple-choice formats (Gouvea et al., 2013). 

Several guiding principles informed the development of constructed–response items: (1) Although inter-
disciplinary thinking involves integrating knowledge across multiple domains, each item was designed to align 
with students’ existing disciplinary knowledge (You et al., 2018). This alignment was achieved through a thorough 
analysis of the Compulsory Science Curriculum Standards in mainland China to ensure that the content of each 
question matched what students had already learned (e.g., Biology, Chemistry, Geography) (Ministry of Educa-
tion of China, 2022); (2) The items were crafted to motivate students to synthesize and utilize their disciplinary 
expertise in tackling real–world problems instead of merely reproducing factual information (Tan & So, 2019); 
(3) Each item was structured to facilitate connection among different scientific concepts, promoting students to 
move beyond isolated facts and consider broader relationships among disciplines; (4) Items were tailored to ad-
dress specific performance levels within the interdisciplinary thinking construct map, with a range of complexity 
from fundamental knowledge integration to advanced problem-solving and evaluation. This allowed students to 
demonstrate their abilities across a spectrum of difficulty levels. A sample task of the instrument is presented in 
Figure 1. The “Evolutionary History of Giant Pandas” task presented a contextualized ecological problem, which 
was designed to target the dimension of systematic integration in interdisciplinary thinking. This competency 
dimension emphasized the ability to connect and integrate knowledge across different disciplines to attain new 
insights. Specifically, the task required students to integrate concepts from biological evolution, ecological adapt-
ability, climate change and the impact of human activities on ecosystems. They were challenged to synthesize 
viewpoints from these disciplinary perspectives to comprehensively comprehend the evolution of panda from a 
carnivorous diet to primarily bamboo-based.

These principles accounted for the cognitive development and prior knowledge of seventh graders to ensure 
the items were accessible, while simultaneously challenging them to think beyond individual disciplines rather 
than simply memorizing facts. To ensure content validity, the instrument was examined through expert reviews, 
with feedback from science education experts and experienced science teachers. The initial version of the assess-
ment tool included seven authentic scenarios with a total of 23 items, each intended to examine seventh graders’ 
interdisciplinary thinking. 

Figure 1 
A Sample Item T2-2 within the “The Evolutionary History of Giant Pandas” Task
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Scoring Rubrics

Given the open-ended nature of the tasks, partial credit scoring was employed to assign points, enabling 
recognition of responses that demonstrated incomplete yet accurate elements. Items were rated using 0-2 and 0-3 
scales, with detailed descriptors outlining each performance level. M was designated for an empty response. The 
rubric was developed to assess student responses regarding specified levels, differentiating answers based on their 
accuracy and completeness. An initial draft of the rubric was evaluated by a group of five experts in educational 
assessment. Their feedback was incorporated to refine the clarity of score descriptors and ensure that the rubric 
effectively represented the essential components of interdisciplinary thinking.

Multidimensional Rasch Analysis

The Rasch measurement allows for testing the structure validity of empirical response data and can convert raw 
scores into interval measures, simultaneously measuring latent traits by accounting for item difficulty and student 
ability (Boone, 2016; Bond & Fox, 2015). The interdisciplinary thinking was characterized as a multifaceted compe-
tence comprising four dimensions, with the calibration of these dimensions occurring concurrently. Specifically, the 
multidimensional random coefficients multinomial logit (MRCML) model was employed to evaluate the reliability 
and construct validity of the measurement instrument and to estimate students’ interdisciplinary thinking (Adams 
et al., 1997). Therefore, this approach facilitates the estimation of item and ability parameters across dimensional 
clusters and calculates correlations among the four dimensions of interdisciplinary thinking (Ackerman et al., 2003; 
Briggs & Wilson, 2003). The raw data were converted into logits, enabling item difficulty and student competence 
to be measured on a unified scale across subdimensions, thus enhancing comparability (Wang et al., 2004). 

To evaluate the suitability of the conceptual model of interdisciplinary thinking, the overall fit of unidimen-
sional and four–dimensional models were compared. The partial credit model (PCM) was utilized to fit polytomous 
scored items in both models (Masters, 1982). Model fit was examined using deviance, Akaike’s information criterion 
(AIC) (Akaike, 1973; 2011), and Bayesian information criterion (BIC) (Schwarz, 1978), where smaller values signify 
a superior fit (Rijmen, 2010). Moreover, the likelihood ratio test was employed to evaluate the adequacy of two 
models (Bock & Aitkin, 1981; Kang & Cohen, 2007), with the change in deviance approximately following chi–square 
distribution, and degrees of freedom reflecting the disparity in the quantity of model parameters estimated (Briggs 
& Wilson, 2003). The fit of items was examined using mean squares (MNSQs) and T–values. The MNSQs for Outfit 
and Infit values ranging from 0.7 to 1.3 indicate a good fit (Aryadoust et al., 2021; Wang et al., 2006). The T values, 
representing standardized MNSQs, were considered acceptable within the range of –2 to +2 (Smith et al., 2008; 
Wei et al., 2014). In Rasch measurement, the average item difficulty is set at 0. The item–person map, or Wright 
map, was subsequently created to analyze the relationship between item difficulty and student abilities, with 
item parameters and student estimates calibrated on the same logit scale in the MRCML model (Liu et al., 2008).

To evaluate measurement invariance by gender, the DIF analysis was performed to examine construct equiva-
lence with respect to twenty-two items (Holland & Wainer, 1993; Lord, 1980). As suggested by previous research, 
a variance of 0.5 logits or greater in estimations between gender groups was considered indicative of significant 
DIF (Wang, 2000; Wang et al., 2006). Finally, the expected posterior (EAP) methods were used to estimate student 
abilities across dimensions (Bock & Aitkin, 1981; Hambleton et al., 1991; Mislevy, 1984). The multidimensional Rasch 
analysis was conducted using ConQuest version 2.0 software (Wu et al., 2007).

Pilot Test

A convenient sampling method was employed to recruit 120 seventh graders from a lower-secondary school 
in Jiangsu Province, China. This approach was selected for its cost-effectiveness, ease of access to data, and appli-
cability to both quantitative and qualitative research settings (Emerson, 2015; Etikan et al., 2016). All participants 
volunteered their time. Since interdisciplinary thinking encompasses a broad framework of expected competencies, 
students in this study had already completed relevant science knowledge (e.g., Biology, Chemistry, Geography) and 
possessed a certain level of scientific proficiency. To provide ample time for task completion, no time limit was set 
during test administration. Subsequent to the pilot test, semistructured interviews were administered to collect 
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student feedback regarding item difficulty and to identify any misunderstanding arising from ambiguities in the 
phrasing or sentences of the tasks. Moreover, think-aloud protocols were utilized with a select group of students to 
elucidate their cognitive processes during task completion. This feedback guided modifications to the task design 
and rubrics, ensuring coherence with the intended learning outcomes.

Item fit statistics were examined by multidimensional Rasch analysis for the student responses. According to 
the results, one item with inadequate discrimination was eliminated, and two items were restructured to improve 
clarity, drawing on feedback from both students and experts. The final instrument comprised 22 extended-response 
items. Table 1 presents an overview of interdisciplinary contexts, task design, along with items. 

Table 1 
The Contexts and Tasks of Instrument Items in Field Test

Interdisciplinary context Design of tasks Items and level

Global Climate Change
Task1: Desert Locust Plague T1–1 (L3), T1–2 (L1), T1–3 (L2), T1–4(L1), T1–5 (L1)

Task7: Carbon Neutral Action T7–1 (L2), T7–2 (L2), T7–3 (L3)

Ecosystems and Biodiversity
Task2: The Evolutionary History of Giant Pandas T2–1 (L1), T2–2 (L3), T2–3 (L2)

Task6: Making Ecological Bottle T6–1 (L1), T6–2 (L2), T6–3 (L3)

Agriculture and Food Science
Task3: Grape Fermentation T3–1 (L3), T3–2 (L2)

Task4: Planting of Astragalus Herb T4–1 (L2), T4–2 (L2)

Science and Technology Task5: Research Station in Antarctica T5–1 (L1), T5–2 (L3), T5–3 (L3), T5–4 (L1) 

Note: L1 = Elementary level; L2 = Intermediate level; L3 = Advanced level.

Participants

The field test included 316 seventh graders randomly selected from the same school as in the pilot study, 
consisting of 159 males and 157 females. The sample size was established based on prior research suggesting 
that a minimum of 200 would be sufficient (Liu, 2020; MacCallum et al., 1999). This sample size was deemed ap-
propriate for the statistical power required for valid conclusions, taking into account the expected effect size and 
the complexity of the research design. These students, distinct from those in the pilot test, volunteered for the 
field test. Each student was assigned 60 minutes to independently complete the assessment in a classroom set-
ting, a duration determined by the average completion time recorded during the pilot phase. All procedures were 
executed in accordance with the approved ethical guidelines. No risks were associated with students’ academic 
achievement, and anonymity was guaranteed for all participants. Confidentiality and privacy were rigorously 
maintained throughout the study.

Establishment of Inter-rater Reliability

To ensure consistent and reliable scoring of the constructed-response items, the first author, a graduate student 
in science education, and an experienced lower-secondary school science educator independently evaluated the 
items. Prior to coding, the first author conducted an extensive training session that included a detailed presenta-
tion of the measurement framework, an explicit explanation of the scoring criteria, and illustrative examples of 
student responses. Any discrepancies in the rating process were resolved through thorough discussions until an 
agreement was achieved. The inter-rater reliability was evaluated with Kappa statistics (Kappa = 0.94, p < .01), 
indicating a high level of agreement beyond chance (Landis & Koch, 1977).
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Research Results

Dimensionality Examination with Rasch model

A Comparison of Unidimensional and Four-Dimensional Models

The data were analyzed using the unidimensional and the between-item four-dimensional PCM, respectively. 
The overall fit quality between the two models was compared with the final deviance, AIC, and BIC. The model 
exhibiting lower deviance would be supposed to align more closely with the true model. The four-dimensional 
model attained lower parameter values compared to the unidimensional model, culminating in a final deviation 
of 12339.51, an AIC of 12463.51, and a BIC of 12696.37. The difference in deviance between the two models was 
432.27 with 9 degrees of freedom. The degrees of freedom present the disparity in the quantity of estimated 
parameters in the unidimensional and multidimensional models. The likelihood ratio test was performed to com-
pare how well the two models fit together. The degrees of freedom showed how different the models’ estimated 
parameters were, and the change in deviance approximately followed a chi-square distribution. For the chi-square 
distribution with 9 degrees of freedom, the critical value is 16.92 (p = .05). The findings present empirical evidence 
that the four-dimensional model showed a better fit than the unidimensional model in depicting the dimension 
structure of interdisciplinary thinking. 

Dimension Structure

The covariance and correlation revealed the interrelationship among subdimensions in multidimensional 
Rasch measurement. Table 2 displays the covariance/correlation matrix for the four dimensions of interdisciplin-
ary thinking, as produced by ConQuest. The values beneath the diagonal represent correlation coefficients, while 
those above the diagonal are covariances. The correlation values indicated the extent to which the four dimensions 
of interdisciplinary thinking varied together, whereas covariance values quantified the degree to which changes 
in one dimension aligned with changes in another. The correlation values varied from 0.738 to 0.871, indicating 
highly positive relationships. This suggested that the four dimensions are distinct but interrelated components of 
interdisciplinary thinking.

Table 2 
Covariance/Correlation between Dimensions

Dimension
Dimension

CA IA SI CR

CA .369 .465 .286

IA .744* .625 .385

SI .800* .871* .459

CR .738* .804* .817*

*p < .05

Reliability 

Reliability reflects the consistency of estimates for individual ability and item difficulty in Rasch analysis, 
indicating the stability of measurement across equivalent evaluations (Bond & Fox, 2015). The expected a poste-
riori/plausible values (EAP/PV) reliability coefficient, equivalent to Cronbach’s α, functions as a crucial indicator of 
dimensional stability. The EAP/PV reliability values for this study across four domains of interdisciplinary thinking 
were .74, .75, .77, and .71, respectively. The values demonstrated a moderate level of reliability (Cortina, 1993; 
Kline, 2000), supporting the robustness of the instrument in assessing seventh graders’ interdisciplinary thinking. 
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Construct Validity: Model-data Fit and Wright Map

Model-data Fit

Fit statistics are critical for identifying discrepancies between the empirical data and model assumptions. Robust 
item fit statistics can demonstrate the construct validity of the assessment. Table 3 provides the fit statistics for all 
items in the interdisciplinary thinking assessment, including Infit, Outfit MNSQ, and gender DIF. The MNSQs for all 
items, both unweighted (outfit) and weighted (infit), varied from 0.7 to 1.3. T–values ranged from –2.0 to +2.0 for 
each item, excluding T4–1. The item difficulty reflects the position of each item on the subjects’ ability scale. The 
findings revealed that the difficulty for all items varied from –1.30 to +1.06. T5–1 was the least challenging item, 
while T7–3 was the most difficult. The standard error of the item difficulty parameter should approach 0 as closely 
as possible. The majority of items exhibited errors below 0.09, with the exceptions of T6–3 (0.12), T7–1 (0.13), T7–2 
(0.14), and T7–3 (0.14), all of which remained within acceptable thresholds. 

The DIF analysis investigated the performance discrepancies between male and female students on identical 
items, while accounting for variations in their latent trait levels. A difference of 0.5 logits or greater was considered 
evidence of significant DIF (Wang et al., 2006). As shown in Table 3, no significant DIF were identified. This indicates 
that male and female groups with comparable coping trait levels would exhibit analogous responses for each item. 
In summary, these results suggest a satisfactory fit with the four-dimensional Rasch model, thereby affirming the 
construct validity of the interdisciplinary thinking assessment instrument.

Table 3 
Fit Statistics of Items from Multidimensional Rasch Analysis

Item Estimate Error
Unweighted fit Weighted fit Gender DIF

(M-F)MNSQ T MNSQ T

T1–1 0.38 0.06 0.99 -0.1 0.98 -0.1 0.28

T2–3 0.14 0.07 0.97 -0.3 0.97 -0.3 0.06

T5–4 -0.21 0.07 0.96 -0.4 0.96 -0.4 -0.06

T6–1 -0.44 0.05 1.15 1.8 1.11 1.6 0.22

T7–1 0.13 0.13 1.00 0.0 1.00 0.0 -0.49

T1–3 0.49 0.07 1.02 0.3 1.02 0.2 0.29

T2–1 -1.18 0.07 0.91 -1.1 0.91 -1.3 0.27

T3–1 0.76 0.06 1.04 0.5 1.03 0.5 -0.38

T5–1 -1.30 0.07 0.95 -0.6 0.95 -0.8 -0.17

T6–2 0.17 0.05 1.03 0.4 1.02 0.4 -0.02

T7–3 1.06 0.14 1.07 0.8 1.05 0.7 -0.31

T1–2 -0.46 0.06 1.08 1.0 1.09 1.2 0.12

T1–5 -0.35 0.07 0.93 -0.8 0.94 -0.6 0.03

T2–2 0.57 0.07 0.96 -0.5 0.96 -0.5 0.04

T4–2 -0.25 0.07 1.12 1.4 1.12 1.5 0.15

T5–3 0.72 0.06 0.95 -0.6 0.94 -0.7 -0.12

T7–2 -0.23 0.14 0.95 -0.6 0.95 -0.6 -0.22

T1–4 -0.55 0.07 0.88 -1.5 0.88 -1.8 0.15

T3–2 -0.28 0.07 0.97 -0.4 0.97 -0.4 -0.05

T4–1 -0.16 0.05 1.29 3.3 1.22 2.9 -0.15

T5–2 0.60 0.07 0.96 -0.4 0.96 -0.5 -0.16

T6–3 0.38 0.12 1.00 0.1 1.03 0.4 0.19
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The Wright Map: Distribution of Item Difficulty and Person Ability 

The Wright map displays the distribution between estimated item difficulties and student competencies. As 
shown in Figure 2, the four vertical lines on the left symbolize the four dimensions that constitute interdisciplin-
ary thinking. The left panel depicts the distribution of students’ abilities along a continuum from low (bottom) to 
high (top), with students exhibiting greater proficiency positioned at the top and those with lower–level abilities 
at the bottom. The right side of the map illustrates item difficulties ranging from easiest (bottom) to most difficult 
(top) endorsement. In our multidimensional Rasch model analysis, each item is allocated to a singular dimension. 
The spectrum of students’ abilities across four dimensions exhibited a normal distribution, spanning from –2.51 
to +1.80, suggesting that the assessment accurately captures a spectrum of competencies. The most challenging 
item (T7–3) and least difficult item (T5–1) both came from the interpretive argumentation dimension.

In general, the item–person map demonstrated a wide and appropriate spread of both students’ coping trait 
levels and item difficulties, validating that items across all subdimensions were well-targeted to students’ coping 
capabilities. This distribution confirmed the three–level construct for the four dimensions of interdisciplinary 
thinking, with items covering student ability distributions from elementary to advanced levels. However, students 
with low proficiency require relatively simple tasks for dimensions of systematic integration and critical reflection.

Figure 2 
Wright Map
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Seventh-grade Students’ Performance in Interdisciplinary Thinking

To comprehensively examine students’ proficiency in interdisciplinary thinking, the mean item difficulty 
estimates were computed within each dimension to determine the threshold value regarding each proficiency 
level, as illustrated in Table 4. Students were deemed to have reached a specific proficiency level when their ability 
estimates met or exceeded the threshold for that level within a dimension.

Table 4 
Cutoff Values for Performance Levels across Dimensions of Interdisciplinary Thinking

Dimensions Proficiency level Items and estimates Cutoff values

Comprehensive Analysis
(CA)

Elementary T6–1(-0.44), T5–4(-0.21) –0.33

Intermediate T2–3(0.14), T7–1(0.13) 0.14

Advanced T1–1(0.38) 0.38

Interpretive Argumentation
(IA)

Elementary T2–1(-1.18), T5–1(-1.30) –1.24

Intermediate T1–3(0.49), T6–2(0.17) 0.33

Advanced T7–3(1.06), T3–1(0.76) 0.91

Systematic Integration
(SI)

Elementary T1–2(-0.46), T1–5(-0.35) –0.41

Intermediate T4–2(-0.25), T7–2(-0.23) –0.24

Advanced T2–2(0.57), T5–3(0.72) 0.65

Critical Reflection
(CR)

Elementary T1–4(-0.55) –0.55

Intermediate T3–2(-0.28), T4–1(-0.16) –0.22

Advanced T5–2(0.60), T6–3(0.38) 0.49

As presented in Figure 3, student performance across the four dimensions of interdisciplinary thinking showed 
considerable variation. In the CA dimension, approximately one-third of students reached the elementary level 
(31.33%) and advanced level (30.70%), while 18.04% achieved intermediate level. Nonetheless, 19.94% of students 
exhibited proficiency below the elementary level. Conversely, results for the IA dimension revealed that half of the 
students could perform at the elementary level. The proportions of students achieving the intermediate level and 
advanced level decreased to 31.65% and 15.51%, respectively. For the SI dimension, merely 12.97% of students 
attained the advanced level, while a substantial percentage (38.92%) failed to reach the elementary level. Similarly, 
the findings in the CR dimension indicated that around one-quarter of students achieved the elementary level 
(26.27%) and intermediate level (26.58%), with the predominant group (44.62%) falling below the elementary 
level. These results suggest that the four dimensions of interdisciplinary thinking present distinct challenges for 
students, as evidenced by their varying performance levels.

Figure 3 
Distribution of Student Performance Levels across Four Dimensions
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Discussion

The research aimed to develop and validate an assessment instrument for evaluating interdisciplin-
ary thinking in seventh-grade students. A construct map was structured to delineate the interdisciplinary 
thinking that encompassed four distinctive dimensions and corresponding performance levels. The multi-
dimensional Rasch analysis demonstrated that the instrument achieved satisfactory reliability and validity 
according to the PCM within a four-dimensional framework. The findings of the item quality evaluation 
demonstrated that all items met acceptable model fit. Furthermore, we evaluated students’ performance 
across four subdimensions of interdisciplinary thinking. The subsequent sections discuss these findings 
regarding the instrument’s quality and students’ performance in interdisciplinary thinking. 

Reliability and Validity of Interdisciplinary Thinking Assessment

The current study concurrently examined dimension structure, reliability, and construct validity of 
interdisciplinary thinking, which includes the four aspects of comprehensive analysis, interpretive argumen-
tation, systematic integration, and critical reflection. After removing one poor-fitting item, the field study 
results demonstrated that the remaining 22 items fit well with the multidimensional Rasch model. A better 
model fit was observed when comparing the unidimensional and four-dimensional models based on PCM, 
hence supporting the dimension structure of the measurement framework.

The application of the multidimensional PCM accounted for correlations among the domains, revealing 
that the four dimensions of interdisciplinary thinking are both distinct and interrelated. This multidimensional 
approach provided more precise estimates of the associations among the four latent traits and significantly 
improved the utility of the instrument (Adams et al., 1997). The moderate reliability values suggested that 
the instrument was appropriate for assessing student performance, confirming its ability to differentiate 
among levels of interdisciplinary thinking, despite the reported values not attaining the higher threshold 
(Cortina, 1993). Item fit statistics indicated that all items adhered to the accepted thresholds for evaluating fit 
in Rasch models. The MNSQ values associated with both weighted and unweighted statistics varied between 
0.7 and 1.3, with T–values for all items within the range of –2.0 and +2.0, supporting the acceptable degree 
of fit for item responses. Although item T4–1 exhibited slightly elevated T–values, this deviation was not 
substantial enough to compromise the overall integrity of the instrument (Wright & Linacre, 1994). More-
over, the DIF analysis confirmed the instrument’s measurement invariance across genders, indicating good 
psychometric validity and no bias issues. The lack of significant DIF is essential for preserving the fairness 
and dependability of assessments, particularly within increasingly diverse educational environments (Liu et 
al., 2008). The Wright map illustrated a well-targeted alignment between item difficulty and student aptitude 
levels, with the distribution of coping abilities and item difficulties across a broad spectrum of the latent trait 
scale. Nonetheless, the slight gap in the systematic integration and critical reflection dimensions suggested 
that students with lower ability levels were not being comprehensively evaluated. Therefore, incorporating 
easier tasks could be organized to provide a more thorough assessment of student competencies across 
the full spectrum of abilities. In conclusion, these findings improved knowledge of the multifaceted nature 
of interdisciplinary thinking, while the proof of reliability and validity substantiated that the instrument 
functioned as a reliable tool for assessing seventh graders’ interdisciplinary thinking.

Characteristics of Students’ Interdisciplinary Thinking Performance

The findings revealed that most students attained only a fundamental level of cognitive competence 
in interdisciplinary thinking, which is consistent with prior studies (Shen et al., 2014; Wang & Song, 2021). 
Moreover, the assessment results identified variations and weaknesses in student performance across the 
four constructs of interdisciplinary thinking, highlighting the distinct cognitive demands associated with 
each subcompetency. This corresponds with prior research that emphasized the multifaceted nature of 
interdisciplinary thinking, wherein students tended to excel in certain skills while encountering difficulties 
in others (Claus & Wiese, 2019; Spelt et al., 2009). It also suggested that certain dimensions are intrinsically 
more complex than others in interdisciplinary thinking (Tripp et al., 2020). 
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While the majority of students demonstrated intermediate or advanced capabilities in comprehensive 
analysis and interpretive argumentation, they encountered difficulties in meeting the expectations for 
systematic integration and critical reflection, as indicated by a smaller proportion of individuals achieving 
basic proficiency or higher in these two constructs compared to comprehensive analysis and interpretive 
argumentation. In accordance with Richter and Paretti (2009), students had difficulties in integrating in-
terdisciplinary subjects with their own expertise and recognizing contributions of various fields to address 
complicated problems. According to Tripp et al. (2020), students exhibited superior proficiency in under-
standing disciplinary grounding compared to knowledge integration or critical awareness, which might be 
attributed to the latter’s inherent ambiguity in the natural sciences (Borrego et al., 2009). Overall, these find-
ings are in line with extensive literature suggesting that students should be instructed to integrate scientific 
evidence and engage in critical thinking during scientific argumentation when confronting interdisciplinary 
complexities (Balgopal et al., 2017; Gouvea et al., 2013; Mansilla et al., 2009; Tripp & Shortlidge, 2019; You et 
al., 2018). For instance, educators could exemplify interdisciplinary learning experience in their teaching to 
assist students in internalizing interdisciplinary problem-solving mindsets that span multiple disciplines, 
such as critical thinking (Rowe et al., 2015). 

The deficiency in students’ interdisciplinary thinking cannot be exclusively ascribed to the constraints 
of their disciplinary knowledge. As it is shaped by a confluence of factors, including their self–confidence 
(Zhan et al., 2017), attitudes (Song & Wang, 2021), motivation (Xu et al., 2022), interdisciplinary learning 
experiences (Busta & Russo, 2020; Knobloch et al., 2020; Shen et al., 2014), learning environment (Spelt 
et al., 2009; Stentoft, 2017), peer support (Claus & Wiese, 2019), and scientific proficiency (Wang & Song, 
2021). Future research ought to further examine the mechanisms underlying students’ development of 
interdisciplinary thinking and investigate the root causes that affect their performance. The combination 
of qualitative and quantitative data could help elucidate specific barriers and disclose the developmental 
pathways for competency acquisition. For instance, implementing dynamic assessments by incorporating 
longitudinal and interview–based methodologies may illuminate how students’ such competence evolves 
over time (Carr et al., 2002; Shen et al., 2014), offering critical insights into instructional strategies aimed at 
improving interdisciplinary thinking and addressing specific challenges within interdisciplinary contexts.

Conclusions and Implications

This study developed and validated an instrument for assessing interdisciplinary thinking among 
seventh-grade students within a lower-secondary school science context. The interdisciplinary thinking was 
conceptualized as a four–dimensional theoretical framework, encompassing a broader scope of competen-
cies, including the elements of comprehensive analysis, interpretive argumentation, systematic integration, 
and critical reflection. The multidimensional Rasch analysis demonstrated strong psychometric properties 
across 22 items, confirming the instrument’s reliability and construct validity. The findings highlighted 
specific aspects in which students faced challenges with interdisciplinary cognitive competencies, thereby 
furnishing educators with quantitative data to better understand and support lower-secondary school 
students’ competency development in school science education. The assessment results yield insights into 
the developmental characteristics of interdisciplinary thinking among lower-secondary students. It is rec-
ommended that faculty adopt this competency model in science classrooms to cultivate students’ capacity 
to think interdisciplinarily by exposing them to in–depth disciplinary knowledge and challenging them to 
broaden their mindset across various scientific domains. Future research could benefit from longitudinal 
studies or mixed-method techniques to examine the developmental trajectories of interdisciplinary thinking 
and identify barriers or factors that influence this competency. Furthermore, the sample in this study may 
not be broad enough to represent the diversity of all student populations. To boost the statistical robust-
ness and generalizability, it is essential to expand the sample size through a more random selection among 
a wider range of socioeconomic backgrounds and educational institutions. Consequently, the statistical 
results will be more persuasive.
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