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ABSTRACT 

Scientific temperament is not simply learning scientific facts or formulae – it incorporates curiosity, 

observational skills, judgment, openness to alternative explanations and willingness to change these when 

confronted and compared with new evidence. These are qualities that secondary-school learners can be expected 

to develop through their experiences within classrooms, their engagement with digital media and general life-

world interactions with scientific information. This paper explores ways in which Evidence Based Reasoning 

Strategies (EBRS) contribute to the development of scientific temperament in secondary school students via 

inquiry-based, experiential, problem based, project-based, active, collaborative and technology-assisted 

learning. An exploratory thematic narrative methodology is used to engage with a selection of educational 

research and Indian policy documents. The discussion suggests that learning activities most likely to engender 

scientific temperament are those in which learners have to ask questions, seek out information, assess evidence 

critically, explain their reasoning processes and learn to deal with uncertainties. The role of teachers' guidance 

needs to be borne in mind: learner-centred initiatives should not be conflated with the absence of guidance. Three 

conceptual figures and a classroom-oriented framework are suggested to link learning strategies, dispositions 

and assessment practices. The framework is proposed as a basis for further discussion rather than an empirically 

tested intervention. The paper concludes that the development of scientific temperament is feasible within 

everyday classroom-practice if learning activities give due attention to developing learners' abilities to work with 

evidence, utilise reasoning and engage in reflective practices across subject areas. 

Keywords: scientific temperament; evidence-based reasoning; secondary education; inquiry-based learning; 

critical thinking 

INTRODUCTION 

Access to information has expanded, but access alone does not ensure that learners can judge whether a claim is 

reliable. Secondary-school students may meet scientific explanations alongside rumours, unsupported opinions 

and misleading digital content. School education therefore needs to develop not only knowledge of scientific 

concepts but also the habits used to examine claims. These habits include asking questions, considering the 

source of information, looking for relevant evidence and changing a conclusion when better evidence becomes 

available. 

In India, the development of scientific temper, humanism and the spirit of inquiry and reform is identified as a 

fundamental duty under Article 51A(h) of the Constitution (Government of India, 1950). The National Education 

Policy 2020 calls for learning that moves beyond rote memorisation towards conceptual understanding, inquiry, 

discussion, analysis and experiential learning (Ministry of Human Resource Development [MHRD], 2020). The 

National Curriculum Framework for School Education 2023 also emphasises scientific inquiry, observation, 

experimentation and communication of findings (National Council of Educational Research and Training 

[NCERT], 2023). These policy directions make scientific temperament a relevant goal for everyday classroom 
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practice. The OECD’s PISA 2022 framework links scientific literacy with explaining phenomena, evaluating 

scientific inquiry and interpreting data and evidence, rather than factual recall alone (OECD, 2023). 

The main aim of the paper is to examine the link between Evidence Based Reasoning Strategies (EBRS) and 

scientific temperament with a focus on secondary education. It considers how common practices relating to 

teaching and learning can provide opportunities for students to reason from evidence. The paper argues that there 

is no specific strategy which automatically leads to scientific temperament. The quality of the task, the evidence 

provided, the questions asked by the teacher and the way students are required to explain their reasoning are all 

important factors. 

Review Approach And Scope 

The paper uses an exploratory thematic narrative approach. It discusses selected research on inquiry-based and 

active learning, a foundational account of experiential learning, Indian education policy documents and literature 

on evidence-based reasoning in educational practice. The themes were organised around questioning and inquiry, 

learning through experience, reasoning from evidence, collaboration, teacher guidance and assessment. The 

discussion gives priority to sources addressing school science, scientific literacy, classroom argumentation and 

implementation conditions.  

Ziebell and Skeat (2020) proposed an Evidence-based Reasoning model to support educators’ decision-making 

about student learning and interventions. Their model was not designed as a student scientific-temperament 

intervention. In this paper, EBRS is used as an instructional umbrella term for classroom activities in which 

students ask questions, examine evidence, explain conclusions and reflect. The proposed student-facing 

framework is therefore an application developed for discussion, not a direct reproduction or validated extension 

of the original model. For the purposes of this paper, EBRS refers to a sequence of classroom practices in which 

learners formulate a question, identify and examine relevant evidence, compare possible explanations, justify a 

conclusion and reflect on whether revision is needed. The sequence is a working instructional definition for this 

paper, not a claim that the acronym names a universally standardised student intervention. It gives teachers 

observable actions to plan and assess. 

Scientific Temperament: Beyond Scientific Knowledge 

Scientific temperament is best understood as a way of approaching questions rather than a store of facts. A learner 

may correctly define an ecosystem or describe the water cycle but still accept an unsupported claim without 

checking its basis. A scientifically oriented learner asks what is known, what evidence supports it, how that 

evidence was collected and whether another explanation could fit the observations.  

For secondary learners, scientific temperament can be expressed through connected dispositions: curiosity, 

observation, persistence, logical reasoning, source evaluation, open-mindedness, evidence-based judgement and 

willingness to reconsider a claim. These traits should not be seen as fixed characteristics that students either have 

or do not have. They can be practiced and developed through repeated classroom experiences in which learners 

explain how they arrived at an answer, not only what answer they selected. Here scientific temperament means 

a sustained disposition to question claims, seek relevant evidence, weigh explanations fairly and revise a view 

when the evidence warrants it. This is consistent with the constitutional emphasis on scientific temper and with 

Nehru’s description of a dispassionate search for truth as part of the temper of science (Government of India, 

1950; Nehru, 1951). It should not be treated as a synonym for scientific knowledge: knowledge provides the 

concepts needed to interpret evidence, while temperament concerns how a person approaches claims and 

uncertainty. 

The idea also has philosophical, psychological and social dimensions. Philosophically, scientific reasoning 

requires claims to remain open to examination and revision. Psychologically, learners need opportunities to 

reflect on how they reached a conclusion and to notice the difference between an observation and an inference. 

Socially, discussion allows students to test explanations against questions and counter-evidence from others. The 

National Research Council (2012) identifies argument from evidence, explanation and investigation as important 
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scientific practices; Osborne (2010) and Kuhn (2010) similarly emphasise the contribution of classroom 

argument and discussion.  

 

Figure 1. Developmental movement towards scientific temperament. 

Figure 1 presents a flexible learning cycle rather than a strict sequence. Students may return to an earlier question 

when an observation challenges their first explanation. Such movement is part of inquiry, not evidence that 

learning has failed. 

LITERATURE REVIEW AND CONCEPTUAL BACKGROUND 

Inquiry and the role of guidance 

Inquiry-based teaching is often recommended because it asks learners to work with questions, observations and 

explanations rather than receive information alone. The evidence, however, does not support a simple claim that 

any activity labelled “inquiry” will improve learning. Furtak et al. (2012) examined experimental and quasi-

experimental studies and found that outcomes depended in part on the nature of the instructional approach and 

guidance. The systematic review by Urdanivia Alarcon et al.  likewise places inquiry within a diverse field of 

research, with different designs and learning settings. For secondary teachers, the practical point is to decide 

what learners will investigate, what evidence they can realistically gather, and what support they need to interpret 

it. A task with no clear question or no opportunity to explain results may involve activity without much reasoning. 

Scientific literacy as the use of evidence 

The OECD’s PISA 2022 assessment framework defines scientific literacy in terms of engaging with science-

related issues and includes competencies such as explaining phenomena scientifically, evaluating inquiry and 

interpreting data and evidence (OECD, 2023). This account is useful for the present paper because it links 

knowledge with the ability to use it. A student who memorises a definition may show content knowledge, while 

a student who uses observations to compare two explanations also demonstrates a form of scientific reasoning. 

The two forms of learning are not rivals: students need enough subject knowledge to understand the evidence 

they are asked to interpret. The teaching challenge is to create opportunities to use that knowledge rather than 

stopping at recall. 

Argumentation, discussion and critical examination 

Scientific reasoning is often visible when students explain why they accept a claim. Osborne (2010) argues for 

the role of collaborative, critical discourse in science learning, while Kuhn (2010) describes argument as a 

meaningful part of learning science. Berland and McNeill (2010) examine how students learn to construct and 

justify claims and how teachers can support that development. Taken together, these works suggest that 
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discussion should involve more than sharing opinions. Students need to identify a claim, show the evidence they 

are using, explain the connection between evidence and conclusion, and consider a counter-argument. In a 

secondary classroom, this can be done with a short data table, a local environmental question or two competing 

explanations from a textbook passage. The teacher’s questions can help students notice when a conclusion goes 

beyond the available evidence. 

Evidence on active and project-based learning 

Reviews of active learning provide support for lessons in which students solve problems, discuss ideas or work 

with evidence during class. Prince (2004) reviewed research on active learning and found that many forms of 

active participation can support learning, although results depend on the method and context. Freeman et al. 

(2014) reported positive effects in undergraduate science, technology, engineering and mathematics courses. 

Because their study concerned university-level courses, it should be treated as supporting evidence for active 

learning in general, not direct proof of effects among secondary pupils. Project-based learning has also been 

examined through meta-analysis. Zhang and Ma (2023) analysed 66 experimental or quasi-experimental studies 

and reported positive average effects on several learning outcomes, while noting that effects varied across 

settings and conditions. The lesson for this paper is cautious: projects can provide useful contexts for evidence-

based reasoning, but their quality depends on the question, duration, access to evidence and assessment of 

students’ thinking. 

Experience and reflection 

Experiential learning is another method to bridge the gap between ideas and evidence. Kolb (1984) describes 

learning as a process that connects experience and reflection with the development of concepts and further action. 

In secondary school science, students' experiences manipulating materials, observing a local site or carrying out 

a simple investigation can provide them with a tangible basis for considering ideas. However, the experience 

needs to be dissected and discussed. The students need to record their observations, differentiate between 

observations and inferences and evaluate whether a result supports their hypothesis or not. Otherwise, an activity 

may leave the students with a lasting impression, but no clear understanding of the underlying concept. 

The literature reviewed here supports the educational value of inquiry, discussion, active participation and project 

work. However, the studies differ in age group, subject, design and outcome measures, and they do not establish 

that the proposed combined EBRS framework will increase scientific temperament. 

Inquiry-based learning 

Inquiry-based learning begins with a question or problem and asks students to investigate it using observations, 

data or other relevant sources. A teacher might ask why some areas of the school grounds remain waterlogged 

after rain. Students can suggest possible explanations, observe the site, compare drainage conditions and present 

a conclusion supported by what they found. Inquiry can encourage questioning and reasoning, but its effects 

depend on the design of the task and the guidance provided. A meta-analysis of experimental and quasi-

experimental studies found that inquiry-based science teaching can support learning, with the nature of 

instructional guidance an important consideration (Furtak et al., 2012). A later systematic review of inquiry-

based science teaching also reports a varied research field, reinforcing the need to consider how inquiry is 

designed and supported rather than treating all inquiry activities as equivalent (Urdanivia Alarcon et al., 2023). 

Experiential learning 

Experiential learning connects ideas with direct experience and reflection. A classroom discussion of waste 

management becomes more meaningful when students examine the waste generated in a school setting, classify 

materials and consider how disposal practices affect the surroundings. Experience alone, however, is not 

sufficient. Students need time to reflect on what happened, connect observations with concepts and consider the 

limits of their evidence. Kolb’s (1984) account of experiential learning provides a useful foundation for 

understanding the relationship between experience and reflection. The classroom implication is that an activity 
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should be followed by reflection and explanation; otherwise, experience may remain disconnected from the 

scientific concept being taught. 

Problem-based and project-based learning 

Problem-based learning presents students with a question that requires investigation and a reasoned response. 

Project-based learning gives them more time to plan, collect information, develop a product or proposal and 

communicate their findings. For example, students could investigate whether classroom lights and fans are being 

used efficiently and propose a practical conservation plan. To make the activity evidence-based, students should 

state how information was collected, distinguish observation from assumption and explain why the proposed 

action follows from the evidence. A project should not be judged only by its display or presentation; the reasoning 

behind it is equally important. A meta-analysis of 66 project-based learning studies reported positive effects on 

learning outcomes, while also finding that effects varied by subject, course type, group size and duration (Zhang 

& Ma, 2023). This variation is a reminder that project work needs careful planning and assessment. 

Active and collaborative learning 

Active learning demands that students perform intellectual actions during a lesson, such as predicting an 

outcome, comparing explanations, interpreting a small set of data or defending a conclusion. Prince’s (2004) 

review supports the use of meaningful student participation rather than relying exclusively on passive instruction. 

Collaboration can be another useful dimension, introducing the requirement to listen to different explanations 

and to defend and justify one’s own position. Cooperative activities must have a clear question, shared 

responsibility and an expectation that each claim will be supported by reasons or evidence, however, to be 

productive. Osborne’s (2010) discussion of collaborative, critical discourse and Kuhn’s (2010) account of 

science as argument both highlight the importance of students’ classroom talk in learning science. 

Technology-supported learning 

Digital simulations, videos, online databases and virtual experiments can help students examine patterns that are 

difficult to observe directly. Their value depends on how they are used. Watching a video without a question may 

provide information but little opportunity to practise reasoning. A stronger activity asks students to predict what 

a simulation will show, change one variable, record the result and explain whether the result supports their 

prediction. Students should also learn to check the credibility, date and purpose of digital sources. This is 

consistent with the view of scientific literacy in the OECD’s PISA framework, which includes interpreting data 

and evidence and evaluating scientific inquiry. 

 

Figure 2. Relationship between learning strategies and scientific dispositions. 
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Figure 2 shows that different approaches create different opportunities for scientific thinking. Inquiry may 

foreground questioning; experience may foreground observation; collaborative work may make reasoning and 

critique more visible. These contributions overlap, and no strategy should be treated as sufficient on its own. 

Linking Classroom Strategies with Observable Dispositions 

Teachers need practical ways to recognise whether students are engaging in evidence-based reasoning. The 

following table links learning approaches to classroom activities and observable signs of scientific temperament. 

These examples are proposed applications rather than a validated measurement scale. 

Learning approach Possible classroom task Observable evidence of reasoning 

Inquiry-based Investigate a local environmental 

question. 

Questions are relevant; claims are linked to 

observations. 

Experiential Sort and examine a sample of school 

waste. 

Categories are justified; limits of observation 

are noted. 

Problem/project-

based 

Propose a solution to a classroom energy 

or water issue. 

Evidence is compared; recommendations 

follow from findings. 

Active learning Predict and explain the result of a 

demonstration. 

Students state reasons and revise predictions 

when needed. 

Collaborative Compare competing explanations in 

groups. 

Students listen, respond to counter-evidence 

and clarify claims. 

Technology-

supported 

Use a simulation or online source to test a 

claim. 

Students identify source quality and explain 

what the data show. 

Table I. Classroom Strategies and Indicators of Scientific Reasoning 

The examples below show how the same reasoning expectation can be used across subject areas. They are 

illustrative classroom applications, not reported research findings. 

Subject area Possible question or task What counts as evidence-based reasoning 

Mathematics Compare two methods for solving 

the same problem. 

Show steps, check results and explain why the method 

works. 

Geography Use rainfall data or land-use maps 

to examine a local pattern. 

Refer to the data or map, distinguish pattern from cause and 

note missing information. 

Social science Compare two accounts of a local 

or historical event. 

Identify each source, compare supporting details and 

consider possible limitations. 

Language Examine an argument in an article 

or speech. 

Identify the claim, check whether examples support it and 

consider counter-evidence. 

Environmental 

education 

Classify waste observed in a 

school area and propose a 

response. 

Record observations, explain categories and link the 

recommendation to the collected information. 

Table II. Illustrative applications of EBRS across subject areas. 
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Teacher Guidance and Assessment 

The teacher’s role is to make the reasoning process visible. This includes modelling how to distinguish an 

observation from an inference, asking students to identify the source of a claim and encouraging them to consider 

what additional information would strengthen a conclusion. Guidance is especially important when students are 

new to investigation or when the task involves complex information. As the inquiry develops, support can be 

reduced so that learners take greater responsibility for planning, interpreting and explaining their work. 

Assessment should focus on the quality of reasoning as well as the final answer. A short rubric can consider 

whether students (a) formulate a clear question, (b) use relevant and credible evidence, (c) explain how evidence 

supports a conclusion, (d) consider another explanation or limitation, and (e) communicate findings clearly. 

Evidence may be gathered through written explanations, notebooks, oral discussion, project reports and 

reflection notes. These are suggested classroom indicators, not a standardised instrument, and they should be 

adapted to learners’ age, language and subject context. 

Scientific temperament should not be assessed by rewarding agreement with the teacher. Students may disagree 

with a proposed explanation and still demonstrate strong scientific reasoning if they state their position 

respectfully and support it with relevant evidence. Research on classroom argumentation stresses that students 

need opportunities to make claims, support them with evidence and respond to competing explanations. Equally, 

a correct answer reached by guessing may provide limited evidence of reasoning. Teachers should therefore ask 

students to show how they reached a conclusion. 

 

Figure 3. Proposed framework for cultivating scientific temperament through EBRS. 

Figure 3 brings the paper’s argument together. Authentic questions create a reason to investigate; EBRS 

structures the investigation; teacher scaffolding supports careful reasoning; student practice makes dispositions 

visible; and feedback helps learners improve. 

Implications For Secondary Education 

This approach does not require costly equipment or an additional subject. The teacher could apply curriculum 

topics and local contexts – weather changes, waste production at school, usage of water, plant growing, claims 

about food or energy. Short activities can be useful when students record observations, explain how the evidence 

supports a conclusion and discuss uncertainty. Schools should assist in such activities by allowing enough time 

for discussions, providing necessary material and creating atmosphere where questions are respected. 
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EBRS can also be used beyond science lessons. In mathematics, students can compare two solution methods and 

explain which steps justify the answer. In geography, they can compare rainfall figures or land-use maps before 

making a claim about local change. In social science, they can examine two sources about a historical event and 

discuss each source’s evidence and limitations. In language classes, learners can separate a writer’s claim from 

supporting examples and assess whether the evidence is relevant. In environmental education, groups can record 

the kinds of waste found in a school area, classify the observations and propose a disposal measure that follows 

from the data. In each case, the subject content remains central; the common thread is the expectation that claims 

be explained with evidence. A brief classroom sequence can make the approach manageable:  

(1) pose a question linked to the lesson;  

(2) ask students to state an initial explanation;  

(3) provide or help them collect a small amount of relevant evidence;  

(4) ask them to compare evidence and explanations;  

(5) require a short claim-and-reasoning response; and  

(6) invite students to note what might change their conclusion.  

This sequence can be completed in one lesson and adapted to available time, class size and materials. 

It is also important to develop teacher education programs. Future teachers need to practice how to create tasks 

where there is a need for evidence and how to anticipate possible misunderstandings and assess learners using 

reasoning criteria. It is also necessary to distinguish an active task from a learning task. The main point here is 

not whether the lesson involves projects, technologies or cooperative groups, but whether there is an opportunity 

for reasoning. 

Implementation also has practical limits. Research with Indian primary teachers has identified tensions between 

inquiry-oriented expectations, accountability pressures and assessment practices that reward recall (Bansal, 

2017). In an Australian high-school study, Fitzgerald et al. (2019) reported concerns about limited time, 

resources, professional development and clear models of inquiry. These findings arise from different contexts 

and should not be assumed to describe every Indian secondary school, but they point to issues teachers may need 

to plan for. A workable starting point is one short evidence-based task within an existing lesson, use of locally 

available materials, group roles for large classes and a simple rubric that rewards reasoning as well as the final 

answer. 

The proposed framework is conceptual and has not been tested with secondary-school students. The review was 

exploratory rather than systematic, and the framework has not undergone expert validation. Before it is used as 

an assessment instrument, subject and teacher-education specialists should review its steps and indicators for 

clarity, relevance and age-appropriateness. A small classroom pilot could then examine feasibility, student work 

and teacher feedback before a larger study. Future research should report the sample, instruments, procedures 

and analysis transparently. 

CONCLUSION 

Scientific temperament is developed through repeated practice in questioning, observing, examining evidence, 

explaining ideas and reconsidering conclusions. The teaching strategies discussed in this paper can create 

opportunities for such practice, but their value depends on the quality of the task and the guidance students 

receive. Inquiry, experience, problem-solving, projects, active learning, collaboration and technology should 

therefore be used as means to support thinking, not as ends in themselves. 

The proposed EBRS framework offers a practical way to connect classroom activity with observable scientific 

dispositions. It should be treated as a conceptual proposal for adaptation and empirical testing, rather than as a 

proven intervention. For secondary education, the most important shift is to make the basis of an answer part of 
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the learning process. When students are routinely asked what evidence supports a claim and how that evidence 

was interpreted, scientific temperament becomes a shared classroom practice. 
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