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UNIT III  

UNIT III SCIENTIFICVALUES 6 

Scientific thinking and method: Inductive and Deductive thinking, Proposing and testing 

Hypothesis, Validating facts using evidence based approach – Skepticism and Empiricism – 

Rationalism and Scientific Temper. Reading Text : Excerpt from The Scientific Temper by Antony 

Michael is R 

SCIENTIFICVALUES 

Science is mankind’s attempt to find the truth about nature.Science is a systematic way of looking 

for the answers to the question that we have. But questioning is the starting point of all science. 

Science starts with experiences that we have. We have experienced something and then 

weaskquestionaboutit.Scienceisabodyofknowledgeabouthownaturefunctions. The purpose of 

science is organization, crystallization, systematization of the information and data that we collect. 

Then science goes through a series of abstractions. A scientist takes a small step and adds to the 

body of knowledge.We incrementally approach truth; science is called a organized skepticism. 

 

We heard of organized belief systems - some belief that is shared by many people and that becomes 

sort of an organization; that organization demands everybody to believe in something. Exactly the 

opposite happens in science. It is an organization. It is an organization of scientists involved in 

some pursuit, but theyshare one common thing: theyare skepticalabout everything. Truth is relative 

and unique. Science never reaches that condition and science has abandoned all attempts to reach 

the absolute truth, because it knows that it’s not possible. To avoid scientific malpractice every 

student of science has to be aware of what is ethical practice in science and what is unethical. 

 

Scientific values are the core principles that guide the scientific method and ensure the 

trustworthiness of scientific knowledge. These values are way of thinking and approaching the 

world. Scientific values are foundational principles and norms that strengthen the practice of 

science and guide scientific inquiry. These values provide a framework for how scientists conduct 

research, analyze data, interpret results and communicate findings. 

 

1. Empiricism: Empiricism is the reliance on empirical evidence, derived observation, 

experimentationand measurement, asthe basis for scientific knowledge. Scientistsuse empirical 

data formulate hypotheses, test theories and make informed conclusions about the world around 

us. 

2. Objectivity: Objectivity is the commitment to impartiality, neutrality and fairness scientific 

inquiry. Objectivity ensures that scientific research is conducted with integrity and conclusions are 

based on evidence rather than personal beliefs or agendas. 

3. Skepticism: Skepticism is the critical examination of claims, hypotheses and evidence with a 

willingness to question assumptions and challenge conventionalwisdom.Bysubjecting ideas to 

scrutiny, skepticism helps to weed out errors, biases unsupported claims in scientific research. 

4. Rationalism: Rationalism is the use of reason, logic and systematic thinking to develop 
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theories, formulate hypotheses and interpret data in science. Rational thinking helps scientists 

organize their thoughts, make sense of complex phenomena and develop testable predictions. 

5. Transparency: Transparency is the practice of openness, honesty and accountability in 

scientific research. Transparencypromotes reproducibility, fosters trust allows others to evaluate 

and build upon scientific work. 

6. Curiosity: Curiosityistheinnatedesiretoexplore,discover andunderstandthenaturalworld. It 

drives scientific inquiry by motivating scientists to ask questions, seek answer. 

7. Integrity: Integrity is the adherence to ethical principles, honesty and professionalism in 

scientific research. It involves conducting research withhonesty, integrityand respects the rights 

and welfare of research participants. Integrity also entails avoiding misconduct, such as 

fabrication,falsıficationorplagiarismand maintainingthehighest standardsofethicalconduct in all 

aspects of scientific work. 

8 Collaboration: Collaboration involves working together with colleagues, peers and experts from 

diverse backgrounds to advance scientific knowledge collectively. 

9. Continuousimprovement: Continuous improvement isthecommitment toongoing learning, 

innovationand refinement inscientific practice.Continuous improvement ensuresthat scientific 

knowledge remains dynamic, adaptive and responsive to new discoveries and challenges. 

Excerptfrom"TheScientificTemper" byAntonyMichaelis 

Thescientificvalueshighlightedmightbecanteredon: 

• Critical thinking and questioning:This aligns with the concept of "scientific temper" 

which emphasizes a skeptical and inquisitive approach. 

• Open-mindednessand willingnessto revise beliefs: The book discussesthe importance 

of adapting theories based on new evidence. 

• Objectivityandavoidingbias:Sçientifictemperencouragesaneutralandunbiased approach 

to interpreting observations. 

• 

Scientificthinkingand methods 

Scientific thinking is the process of reviewing ideas using science, observations, investigational 

processes, and testing themto gain knowledge. The goal is to make outcomes ofknowledge that 

may be meaningful to science. The scientific thinking method is how scientists and researchers 

apply their scientific thinking. 

Thebasic processesare 

1. Make an observation or ask a question. Observe something that you would like to learn 

about or ask a question that you would like answered. These can be specific or general. 

Taketimetoestablishawell-definedquestionwhichwillhelp you inlater steps. 

2. Gather background information: Collect information of what is already known about 

the topic. This can also involve finding if anyone has already asked the same question. 

3. Create a hypothesis: A hypothesis is an explanation for the observation or question. If 

proven later, it can become a fact. 

4. Create a prediction and perform a test: Create a testable prediction based on the 

hypothesis. The test should establish a noticeable change that can be measured or observed 

using empirical analysis. It is also important to control for other variables during the test. 
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5. Analyze the results and draw a conclusion. Use the metrics established before the test 

see if the results match the prediction. 

6. Question Formulation: Based on observations, scientists formulate questions about 

phenomena or patterns they have noticed. These questions should be specific and testable, 

leading to hypotheses. 

7. Hypothesis Development: A hypothesis is a tentative explanation or prediction about the 

observed phenomenon. It is typically formulated as a statement that can be tested through 

experimentation or further observations. 

8. Prediction: Hypotheses often generate predictions about what should happen under 

specific conditions if the hypothesis is correct. These predictions guide the design of 

experiments or observational studies. 

9. Interpretation of Results: Scientists interpret the results of their experiments or 

observationsto drawconclusions. This involvesevaluatingwhether thedatasupportsthe 

hypothesis or if further investigation is needed. 

10. Peer Review and Publication: Scientists often submit their findings to peer-reviewed 

journals where other experts in the field scrutinize the study's methods, results, and 

conclusions. Peer review helps ensure the rigor and reliabilityof scientific findings. 

11. Communication: Finally, scientists communicate their findings to the scientific 

community and the public through publications, conferences, and other forms of 

dissemination. This allows others to build upon the research and verify its validity. 

 

Inductivethinking 

Inductivethinkinginvolvesstartingfrom specificpremisesandformingageneral conclusion, while 

deductive reasoning involves using general premises to form a specific conclusion. 

Exampleofinductivethinking 

Premise:Allknownfishspecies inthisgenus haveyellowfins. 

Conclusion:Anynewlydiscoveredspecies inthegenus islikelytohaveyellowfins. 

Exampleofdeductivereasoning 

Premises:Allplantswithrainbowberriesarepoisonous.Thisplanthasrainbow berries. 

Conclusion:Thisplant ispoisonous. 

It is obvious that all our activities are conducted using some kind of logical reasoning. We have 

to apply systematic method of reasoning. We have two distinct types of logical reasoning 

Theinductivethinkingbeginswithasetof empiricalobservations,seekingpatternsinthose observations, 

and then theorizing about those patterns. 

Steps ininductivethinking 

1. ObservationEg.Elephantsdepend onwaterto exist. 

2. SeekingpatternsEg.Allobserved animalsdependonwaterto exist. 

3. Developingatheoryorgeneral(preliminary)conclusion Eg.Allbiologicallifedependson water 

to exist 

Thedifferenttypesofinductivereasoning 
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1. Generalization:Itusesobservationsaboutasampletocometoaconclusionaboutthe population it 

came from. 

2. Statistical syllogism:It uses specific numbers to make statements about populations,while 

non-statistical generalizations aren’t as specific. 

3. Causalreasoning:Itmeansmakingcause-and-effect linksbetweendifferentthings. 

4. Signreasoning:Itinvolvesmakingcorrelationconnectionsbetweendifferentthings. 

5. Analogicalreasoning:Itmeansdrawingconclusionsaboutsomethingbasedonits similarities to 

another thing. 

Limitations 

A conclusion drawn on the basis of an inductive method can never be fully proven. However, it 

can be invalidated. 

 

Deductivethinking 

Deductive reasoning (also called deduction) involves starting froma set ofgeneralpremises and 

then drawing a specific conclusion that contains no more information than the premises 

themselves. 

The deductive thinking begins with a theory, developing hypotheses fromthat theory, and then 

collecting and analyzing data to test those hypotheses. 

Inductive and deductive approaches to research can be employed together for a more complete 

understanding of the topic that a researcher is studying. 

 

Thestepsindeductivethinkingare 

1. Startwithanexistingtheoryandcreateaproblemstatement 

Eg.Allbiologicallife dependsonwatertoexist. 

2. Formulateafalsifiablehypothesis,basedonexistingtheory 

Eg: Alllandmammalsdepend onwaterto exist. 

3. Collectdatatotest the hypothesis 

Eg:Studyall landmammalspeciestoseeiftheydepend onwater. 

4. Analyzeandtest thedata 

Eg: Alllandmammalspeciesdepend onwater. 
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5. Decidewhetheryoucanrejectthenullhypothesis 

Eg:Allland mammalspeciesdependonwater=supporthypothesis. The 

three types of deductive reasoning are 

1. Syllogism:Syllogismdrawsaconclusion fromthetruthoftwoormore premises. 

ItsimplystatesthatifA=B(Firstpremise),andC=A(Secondpremise),thenC=B(Conclusion). 

2. Modusponens:Modusponensisalso knownas"affirmingtheantecedent." If A 

is true and A =B, then B is true. 

Eg.Customersshopmoston Saturdays.Today isSaturday; therefore,customerswill shopfor more goods 

today. 

3. Modus tollens: This is the opposite of modus ponens. 

Itaffirmsaconditionalstatement,modustollensdeniesit. If 

A=B and B is not true, then A is not true. 

Eg. If customers shop most on Saturdays, and customers don't shop for more goods today, then 

today is not Saturday. 

Limitations of a deductive approach: The conclusions ofdeductive reasoning can only be true 

if all the premises set in the inductive studyare true and the terms are clear. 

The main difference between inductive and deductive reasoning is that inductive reasoning aims 

at developing a theory while deductive reasoning aims at testing an existing theory. 

In other words, inductive reasoning moves from specific observations to broad generalizations. 

Deductive reasoning works the other way around. 

Both approaches are used in various types of research, and it’s not uncommon to combine them 

in your work. 

ProposingandtestingHypothesis 

Proposing and testing hypotheses is a fundamental aspect of the scientific method, crucial for 

advancing knowledge and understanding in various disciplines. Here's a structured approach to 

proposing and testing hypotheses. 

Research hypothesis is a statement that introduces a research question and proposes an expected 

result. It is an integralpart ofthe scientific methodthat forms the basis ofscientific experiments. 

The following steps are involved in proposing a hypothesis 

• Observation: Make careful observations of phenomena in the specific area of study. 

Theseobservationsshould be systematicandobjective, ideallybasedonempiricaldataor 

evidence. 

• Formulating a Question: Based on your observations, formulate a specific question or 

problemthat you want to investigate. This question should be clear and focused, guiding 

your hypothesis development. 

• Creativity and Imagination: For proposing hypothesis creativity and imagination is 

essential to provide novel ideas. 

• BackgroundResearch: Conduct a literaturereviewto understandwhat isalreadyknown 

aboutthetopic. Thishelps in formulating a hypothesisthat is bothnoveland informed by 

existing knowledge. 

• Developing a Hypothesis & testing: A hypothesis is an assumption, an idea that is 

proposed for the sake of argumentbased on some evidence so thatitcan be tested to see 
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if it might be true. It should be specific, testable, and support collected data. If needed 

formulate an alternate hypothesis or null hypothesis. 

• Communicating the findings: Communicate the findings in scientific writing or 

presentations. This allows other researchers to understand the proposed idea and test it in 

their own studies. 

 

TypesofResearch Hypothesis 

Thetypesofresearchhypothesisare 

1. Simple Hypothesis: It predicts the relationship between a single dependent variable and a 

single independent variable. 

2. Complex Hypothesis: It predicts the relationship between two or more independent and 

dependent variables. 

3. Directional Hypothesis: It specifies the expected direction to be followed to determine the 

relationship between variables and is derived fromtheory. It implies the researcher’s intellectual 

commitment to a particular outcome. 

4. Non-directional Hypothesis: It does not predict the exact direction or nature of the 

relationship between the two variables. The non-directional hypothesis is used when there is no 

theory involved or when findings contradict previous research. 

5. Associative and Causal Hypothesis: The associative hypothesis defines interdependency 

between variables. A change in one variable results in the change of the other variable. On the 

other hand, the causal hypothesis proposes an effect onthe dependent dueto manipulation ofthe 

independent variable. 

6. Null Hypothesis: Null hypothesis states a negative statement to support the researcher’s 

findings that there is no relationship between two variables. There will be no changes in the 

dependent variable duethe manipulationofthe independent variable. It statesthat resultsare due to 

chance and are not significant in terms of supporting the idea being investigated. 

7. Alternative Hypothesis: It states that there is a relationship between the two variables of the 

study and that the results are significant to the research topic. An experimental hypothesis 

predictswhat changeswilltake place inthe dependent variable whenthe independent variable is 

manipulated. It states that the results are not due to chance and that they are significant in terms of 

supporting the theory being investigated. 

 

Hypothesis testing is a formal procedure for investigating our ideas about the world using 

statistics. It is used by scientists to test specific predictions, called hypotheses; bycalculating 

how likely it is that a pattern or relationship between variables could have arisen by chance. 

ImportanceofaTestable Hypothesis 

To devise and perform an experiment using scientific method, we need to make sure that our 

hypothesis is testable. To be considered testable, some essentialcriteria must be met 

• There mustbeapossibilitytoprovethatthehypothesisistrue. 

• There mustbeapossibilitytoprovethatthehypothesis isfalse. 



7  

• Theresultsofthehypothesis mustbe reproducible. 

Testingofhypothesisfollowsfollowingsteps 

1. Statetheproblemthatyouaretryingtosolve.Makesurethatthehypothesisclearly defines the 

topic and the focus of the experiment. 

2. Trytowritethe hypothesisas anif-thenstatement. 

3. Followthistemplate:Ifaspecificactionistaken,thenacertainoutcomeis expected. 

4. Definethevariables 

Independentvariablesaretheonesthataremanipulated,controlled,orchanged. Independent 

variables are isolated from other factors of the study. 

Dependentvariables,as the namesuggests are dependenton other factors of thestudy. They 

are influenced by the change in independent variable. 

5. Include controls to minimize the influence of extraneous variables that could affect the 

results. 

6. Scrutinize the hypothesis: Evaluate assumptions, predictions, and evidence rigorouslyto 

refine your understanding. 

7. Experimental Design: Choose an appropriate experimental design (e.g., randomized 

controlled trial, comparative study) that allows for valid conclusions to be drawn. 

8. Data Collection: Conduct the experiment or observation according to your design. Collect 

data systematically and ensure accuracy in measurements and observations. 

9. Interpreting Results: Based on the analysis, interpret the results in the context of your 

hypothesis. 

10. Concludethefindings:Concludewhethertheresultssupportyour hypothesisornot. It's 

important to acknowledge any limitations in your study and discuss implications for further 

research. 

11. Communicating Findings: Share your findings through presentations, publications, or 

other formsofdistribution. Thisallowsother researchersto evaluate your work and build 

upon it. 

12. Iterative Nature: Scientific inquiryoften involvesan iterative processwhere hypotheses 

are refined or revised based on new evidence or insights gained from testing. Thiscyclical 

process of proposing, testing, and revising hypotheses contributes to the cumulative nature 

of scientific knowledge. 

Importanceinscientificinquiry: 

• Driving scientific progress: Proposing and testing hypotheses is essential for advancing 

scientific knowledge and understanding. Bysystematicallyevaluating hypothesisthrough 

empirical testing, scientists refine existing theories, discover new phenomena, and develop 

innovative solutions to complex problems. 

• Fostering critical thinking: The process of hypothesis testing fosters critical thinking 

skills in scientists. It encourages them to evaluate evidence objectively, consider alternative 

explanations and draw logical conclusions based on empirical data. 
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• Promoting accountability and transparency: Testing hypothesis promote accountability 

and transparency in scientific research. By documenting experiment procedures, data and 

results, scientists ensure that their findings can be scrutinize replicated and verified by other 

researchers. 

 

Validatingfactsusingevidencebased approach 

 
Evidence-based research is the use of prior research in a systematic and transparent way to inform 

a new study so that it is answering questions that matter in a valid, efficient, andle manner. 

Evaluating the validity of the external evidence means that we have considered whether the study 

effectively investigates its aim. The study should be transparent about its methodology―the 

research procedure, the data collection methods, and the analysis of data and outcomes. This helps 

you decide whether the research evidence is trustworthy and whether you can have confidence in 

its results. The purposeofestablishing reliabilityand validity in research is essentially to ensure that 

data are sound and replicable, and the results are accurate. 

Validating facts using an evidence-based approach is important in ensuring accuracy and 

reliabilityinvariousfields,includingscience,medicine,journalism,andeveryday decision-making. 

• Define the Claims: Explain the claims that you want to validate. This could be a statement 

about an event, a scientific hypothesis, a historical account, or any other assertion. 

• GatherEvidence: 

➢ Primary Sources: Ifpossible, refer to primary sources ofinformation. These are 

original documents, data that provide direct evidence. 

➢ Secondary Sources: Use reputable secondary sources such as peer-reviewed 

articles, books by experts in the field, and credible websites that cite theirsources. 

• Evaluate the reliability: The sources used should be peer-reviewed journals, presentations 

of established experts in the field than collecting from blogs and social media posts. 

• Checkforconsistency: Use evidence frommultiple sources that supportthe same claim, to 

strengthen its validity. 

• Examine the methodology: If the claim is based on research or scientific findings, 

examine the methodology used in the studies. A well-designed study with rigorous methods 

enhances the credibility of its findings. Consider factors such as sample size, experimental 

design, statistical analysis, and potential confounding variables that could affect the results. 

• Use the quality of evidence: Evaluate whether the evidence provided is sufficient to 

support the fact without relying on unreliable or isolated examples. 
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• Replication: A characteristic of science is the ability to replicate findings. This means 

otherresearcherscanindependentlyconduct similarexperimentsorobservationsto verify the 

results. 

• Verify factswith expert: Consult expertsinthe relevant field to get their perspective on the 

fact. This can provide additional validation. 

• Evaluate the context: Note the timeframe in which the evidence was gathered, as new 

discoveries or changes in knowledge may impact the validity of older claims. 

• Document sources: Keep detailed records of the sources you used to validate the claim. 

Properly point out quotations, statistics, and data to avoid plagiarism and ensure 

transparency. Provide citations or references to allow others to verify your findings 

independently. 

• Update knowledge: Update understanding based on new evidence or revisions in the field. 

Scientific knowledge, in particular, is dynamic and subject to change as new research 

emerges. 

Here'sadetailedexplanationofhow thisprocessworks 

1. Observation and data collection : Scientific investigation begins with observation ofnatural 

phenomena collection of data through systematic measurement or experimentation. 

2. Formulation of hypothesis: Scientists formulate hypotheses, which are testatable 

explanations or predictions for the observed phenomena. 

3. Designing experiments or studies : Help to test hypothesis empirically. Experimentaldesign 

involves controlling variables, establishing experimental conditions defining outcome measures to 

ensure valid and reliable results. 

4. Data analysis : After data collection, scientists analyze the data using statistical methods or 

analyticaltechniques to assess patterns, trends orrelationships. Data analysis allows scientists to 

quantify the strength of associations, determine significance of findings, and draw conclusions 

based on empirical evidence. 

5. Interpretation ofresults:Scientists interpretthe results ofdata analysis inthe context ofthe 

hypothesis tested. 

6. Peer review and replication: The experts in the field critically evaluate the methodology, 

analysis and interpretation of research findings. 

7. Synthesis and consensus: Scientific consensus reflects the collective agreement among 

experts in the field based on the weight of empirical evidence and the strength of scientific 

reasoning. 

8. Continuous evaluation and revision: Scientists continually evaluate and refine existing 

knowledge through ongoing research, experimentation and debate, ensuring that scientific facts 

remain current and accurate. 

Whyevidence-basedvalidationmatters 

• Minimizes bias: Our personal beliefs and expectations can influence how we interpret 

information. Theevidence-basedapproachhelpstominimize bias byrelyingonobjective data 

and standardized methods. 
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• Ensuresobjectivity:Thefocusisonthedataitself,notpreconceivednotions.This promotes 

objectivity in drawing conclusions and validating facts. 

• Providescredibility:Factsvalidatedthroughevidence-basedmethodsareconsidered more 

credible and reliable than those based on rumour or intuition. 

• Enhancesknowledgebuilding:Theevidence-basedapproachallowsustobuild knowledge 

incrementally. 

Validatefactsusingevidencein "TheScientificTemper"byAntonyMichaelis,focuses more 

on the attitudinal aspects of scientific inquiry. 

 

Michaelis might emphasize how a scientific temper cultivates a mindset that values evidence- 

basedreasoning. The importanceofskepticismwasdiscussed. Thisalignswiththecoreprinciple of 

avoiding bias and seeking objective data. The text might highlight the importance of intellectual 

honesty. Accurately report observations and results, even if they contradict initial beliefs. This 

ensures transparency and allows for verification by others. 

 

Skepticism 

Skepticism is a philosophical attitude that questions the validity and certainty of knowledge claims 

and beliefs. It emphasizes criticalthinking, doubt, and scrutinyofassumptions. There are different 

types of skepticism, such as philosophical skepticism (which questions the possibilityof knowledge 

in general), scientific skepticism (which questions claims based on empirical evidence), and 

practical skepticism (which applies skepticism in everyday decision-making). 

Scientific skepticism sometimes referred to as skeptical inquiry, is a position in which one 

questions the trueness of claims lacking empirical evidence. Skepticism promotes intellectual 

integrity honesty in scientific research, encouraging scientists to acknowledge uncertain 

limitations and complexities in their findings. 

Scientistsdon'tsimplyacceptclaimsatface value.Theyaskquestionslike How do 

we know this is true? 

Is there evidence to support this claim? 

Couldtherebealternativeexplanations? 

Skepticism helps scientists to remain objective when performing scientific inquiry and research. It 

forces them to examine claims (their own and those of others) to be certain that there is sufficient 

evidence to back them up. Skeptics do not doubt every claim, only those backed by insufficient 

evidence or by data that have been improperly collected, are not relevant or cannot support the 

rationale being made. 

Skepticism allows scientists to reach logical conclusions supported by evidence that has been 

examined and confirmed by others in the same field, even when that evidence does not confirm 

absolute certainty. Scientific skeptics attempt to evaluate claims based on verifiability and 

falsifiability; they discourage accepting claims which rely on faith or anecdotal evidence. 

• Skepticism has various benefits, such as such as increasing discussion and interaction 

between people, raising views about knowledge and information, and transmitting high 

curiosity. Skepticism ensures self correction and promotes critical thinking in scientist. 
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• Skepticismenableschecksofpremises,greaterreliability,andopennessto ideas. Without 

skepticism, we would often cling to some wrong beliefs or stop researching previously 

researched topics. 

• While skeptics may initially doubt claims, they remain open to revising their beliefs in 

light of compelling evidence. Hence it allows reevaluating existing theory and revise them 

based on new evidences. 

 

Empiricism 

Empiricism, often used by natural scientists, believes that "knowledge is based on experience" 

and that "knowledge is tentative and probabilistic, subject to continued revision and 

falsification". Empirical research, including experiments and validated measurement tools, 

guides the scientific method. 

Empiricism is the reliance on empirical evidence, obtained through observation, 

experimentation and measurement, as the primary basis for acquiring knowledge and 

understanding of the natural world. 

Eg. Stone is hard, ice is cold, and glue is sticky.Until one has experienced these with the senses, 

this information will be meaningless. 

• Empiricismisatheoryofknowledgethatemphasizestheroleofexperienceand evidence, 

particularly sensory perception, in the formation of beliefs and understanding. 

• Empiricism means dependence upon direct experience for information. Only information 

experienced by someone is valued, not ideas created purely in one's mind. 

• Empiricistsassertthatknowledgeisprimarilyderivedfromsensoryexperienceand observation 

of the natural world. 

• Empiricism is closely associated with the scientificmethod,which involvessystematic 

observation, experimentation, and data collection to test hypotheses and theories. 

• Empiricistsprioritizeevidence-basedreasoningandemphasizetheimportanceof empirical 

data in validating or refuting hypotheses. 

• Empiricism often relies on inductive reasoning, where general principles or theories are 

inferred from specific observations or experiments. 

Empiricismisofthree types 

1. Classicalempiricismisfoundedontheideathatknowledgeisneitherintrinsicnor in-born. Our 

world experience provides us with knowledge. 

2. Radicalempiricismisfoundedonthenotionthatourunderstandingof theuniverseis 

completely dependent on our senses. 

3. Modernempiricism’sphilosophicalpremisethatallknowledgeisacquiredfrom experience is 

investigated by moderate empiricism. 

 

Benefitsof empiricism: 

• Providesobjectivity:Byrelyingondirectobservationandmeasurement,empiricism 

minimizes the influence of subjective interpretations. 

• Supportsreplicability: Scientificfindingsbasedonempiricalevidencecanbe replicated 

by other researchers, strengthening their validity. 
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• Connects to the real world:Scientific knowledge is grounded in the observable world, 

ensuring its relevance and applicability. 

Skepticism keeps empiricism honest. It ensures that observations and data are interpreted critically 

and not taken at face value. Skepticism and empiricism are not rivals; they are complementary 

forces. By question everything and grounding knowledge in observation, they work together to 

impel scientific discovery and understanding. 

 

SkepticismandEmpiricismin "TheScientificTemper"byAntonyMichaelis 

• Skepticism : Michaelis might discuss how a scientific temper fosters an attitude of healthy 

doubt. This involves questioning established ideas, demanding evidence and avoiding 

readily acceptable information. The excerpt could emphasize the importance of critical 

thinking skills to analyse claims objectively and identify potential biases. 

• Empiricism :The text might highlight how a scientific temper cultivates a reliance on 

evidence. This involvesa preference for basing conclusionsonobservationsand gathered 

through the senses and experimentation. 

• Michaelis might emphasize the importance of open-mindedness and willingnes to revise 

existing beliefs based on new evidence acquired through observation. 

• Skepticismand empiricism, in thiscontext,might be presented as habitsofmind fostered by 

a scientific temper. 

 

Rationalism 

Scientific rationalism is a way of learning about the world using real evidence and scientific 

methods. It's about observing things directly, doing experiments, and using logic to understand 

how things work. Scientists use this approach to test their ideas and make sure theyare correct. 

Rationalism is a philosophicalposition that emphasizes the role of reason and logic in acquiring 

knowledge and understanding the world. 

Importantaspectsofrationalisminclude 

Predominance of Reason: Rationalists assertthatreason is the primary source of knowledge,capable 

of revealing truths that cannot be derived from sensory experience alone. 

InnateIdeas:Somerationalistsarguefortheexistenceofinnateideasorconceptsthatare inherently 

known through reason, independent of empirical observation. 

Deductive Reasoning: Rationalism often relies on deductive reasoning, where conclusions are 

derived logically from general principles or premises. 

MathematicsandLogic:Rationalismfindsstrongsupportindomainslikemathematicsand logic, where 

truths are believed to be discovered through pure reason. 
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ScientificTemper 

Scientific temperament refers to an individual’s attitude of logical and rational thinking. An 

individualisconsideredto havescientifictemper ifs/heemploys ascientific methodofdecision- 

making in everyday life. 

The scientific temper is defined as using the scientific method to think and act, including 

questioning, observing, testing, hypothesizing, analyzing, and communicating ideas. 

• The method ofscienceprovidesaviablemethodofacquiring knowledge. 

• The human problems can be understood and solved in terms of knowledge gainedthrough 

the application of the method of science. 

• The fullest use of the method of science in everyday life and in every aspect of human 

endeavor from ethics to politics and economics is essential for ensuring human survival 

and progress 

• One should accept knowledge gained through the application ofthe method of science as 

the closest approximation of truth at that time and question what is incompatible with such 

knowledge; and one should re-examine the basic foundations of contemporary knowledge 

from time to time. 

Significantaspectsare 

• EmpiricalObservation:Scientifictemperemphasizestheimportanceofempiricalevidence 

and observation in forming beliefs and theories about the world. 

• Open-Minded Skepticism: It encourages skepticism towards claims that lack empirical 

support while remaining open to revising beliefs based on new evidence. 

• CriticalThinking:Scientifictemperpromotescriticalthinkingskills,encouragingindividuals 

to evaluate arguments and evidence objectively. 

• EthicalResponsibility:Itincludesacommitmenttoethicalpracticesinscientific research and 

communication of findings. 

 

RelationshipbetweenRationalismandScientificTemper 

Rationality promotes scientific temperament in the individual. Scientific temperament enables 

people to raise the question of what exists in the universe. Scientific invention, discovery and 

exploration are all the outcome of human rationality. Rationalism is the very fundamental essence 

of humanity. 

While rationalismand scientific temper have different emphases(reasonvs. empiricalevidence), 

they are often seen as complementary in the pursuit of knowledge. 

Scientific Method: Scientific temper aligns closely with the scientific method, which combines 

empirical observation (aligned with scientific temper) with logical reasoning (aligned with 

rationalism). 

Integration in Science:Inscientificresearch, rationalism(deductivereasoning, logicalanalysis) and 

scientific temper (empirical testing, skepticism) work together to formulate and test hypotheses, 

ensuring robust and reliable conclusions. 
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Example: 

In the context ofstudying climate change, rationalism might involve using mathematical models 

and logical deductions to predict future climate patterns based on known principles of physics and 

atmospheric chemistry. Scientific temper would require gathering empirical data through 

measurements of temperature, carbon dioxide levels, and other variables to validate these 

predictionsand refine climate models. Together,rationalismand scientific temper contributeto a 

comprehensive understanding ofcomplexphenomena like climate change, combining theoretical 

insights with empirical evidence. 

Rational is m and scientific temper in "The Scientific Temper" by Antony Michaelis 

Rationalism: 

• Logical reasoning :It uses logic al reasoning for systematic thinking in scientific inquiry. 

It underscores the importance of formulate hypothesis, interpreting data and drawing 

conclusions based on principles of logic deductive reasoning. 

• Coherence and consistency: It encourages scientists to construct logical frame works and 

theoretical models that are internally consistent and compatible with established principles 

and observations. 

• Theoretical deduction: It enables scientists to derive specific hypothesis or expectations 

from broader conceptual frameworks, guiding empirical testing and investigation. 

• Enhancement of understanding: It enhances the understanding and predictability of 

natural phenomena by organizing observations and data into logical structures. 

 

Scientifictemper: 

• Attitude of inquiry: Scientific temper encourages individuals to question assumptions, 

challenge conventional wisdom, and seek evidence-based explanations for natural 

phenomena. 

• Skepticismand criticalthinking: Scientific temper encompasses skepticismand critical 

thinking as essential components of scientific inquiry. 

• Empirical orientation: Scientific temper values direct observation, experimentation and 

evidence-based reasoning in the pursuit of knowledge. 

• Ethical conduct: Scientific temper promotes ethical conduct. It emphasizes honesty, 

transparency and accountability in the reporting and dissemination of scientific findings, 

as well as respect for the principles of scientific integrity and intellectual honesty. 

 

 

 

PART-A 

1. Whatis Science? 

Scienceisabodyofknowledgeabouthownaturefunctions.Scienceisorganization, 

crystallization,systematizationoftheinformationanddatathatwecollect.Thenscience 

goesthroughaseries ofabstractions. 
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2. Whatisscientific thinking? 

Scientificthinkingistheprocessofreviewingideasusingscience,observations, investigational 

processes, and testing them to gain knowledge. 

3. Defineinductivethinking. 

Inductivethinkinginvolvesstartingfromspecificpremisesandformingageneral 

conclusion,whiledeductivereasoninginvolvesusinggeneralpremisestoformaspecific 

conclusion. 

4. Outlinethestepsinvolvedin inductivethinking. 

• Observation 

• Seekingpatterns 

• Developingatheoryorgeneral(preliminary)conclusion 

5. Highlightthedisadvantageofinductivethinking. 

Aconclusiondrawnonthebasisofaninductivemethodcanneverbefullyproven. However, it 

can be invalidated. 

6. Whatisdeductivethinking? 

Deductivethinking(alsocalleddeduction)involvesstartingfromasetofgeneral 

premises and then drawing a specific conclusion that contains no more information than 

the premises themselves. 

7. Outlinethestagesindeductivethinking. 

• Startwithanexisting theoryand create aproblemstatement 

• Formulateafalsifiable hypothesis,basedonexistingtheory 

• Collectdatatotest the hypothesis 

• Analyzeand testthedata 

• Decidewhetheryoucanrejectthenullhypothesis 

8. What arethethreetypesofdeductivereasoning? 

Syllogism, ModusponensandModustollens. 

9. Highlightthelimitationsofadeductiveapproach? 

Theconclusionsofdeductivereasoningcanonlybetrueifallthepremisessetinthe inductive 

study are true and the terms are clear. 

10. What isaresearch hypothesis? 

Research hypothesis is a statement that introduces a research question and proposes an 

expected result. It is an integral part of the scientific method that forms the basis of 

scientific experiments. 

11. Whatisproposing andtestinghypotheses? 

Proposing and testing hypotheses isa fundamentalaspectofthe scientific method, crucial 

foradvancingknowledgeandunderstandinginvariousdisciplines.Itisastructured 

approachfor proposingandtesting hypotheses: 

12. Discussthestepsinvolvedin proposingahypothesis. 

Thestepsinvolvedinproposingahypothesisisobservation,formulatingaquestion, background 

research, developing a hypothesis & testing and communicating the findings 

. 
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13. What ishypothesis testing? 

Hypothesistesting isa formalprocedure for investigating our ideasaboutthe world using 

statistics. It is used by scientists to test specific predictions, called hypotheses, by 

calculatinghowlikelyitisthatapatternorrelationshipbetweenvariablescouldhave 

arisenbychance. 

14. ClassifythedifferenttypesofResearchHypothesis. 

The types of research hypothesis are simple hypothesis, complex hypothesis, directional 

hypothesis, non-directionalhypothesis, associative and causalhypothesis, null hypothesis 

and alternative hypothesis. 

15. Why isitessentialtotestthe hypothesis? 

• There mustbeapossibilitytoprovethatthehypothesisistrue. 

• There mustbeapossibilitytoprovethatthehypothesis isfalse. 

• Theresultsofthehypothesis mustbe reproducible. 

16. Whatisevidencebasedresearch? 

Evidence-based research is the use of prior research in a systematic and transparent way 

toinformanewstudysothatitisansweringquestionsthatmatterinavalid,efficient, 

andaccessible manner. 

17. Whyitisessentialto validatethefindingsinevidentbasedresearch? 

Validating facts using an evidence-based approach is important in ensuring accuracy and 

reliability in various fields, including science, medicine, journalism, and everyday 

decision-making. 

18. DefineSkepticism. 

Skepticismisaphilosophicalattitudethatquestionsthevalidityandcertaintyof 

knowledgeclaimsandbeliefs.Itemphasizescriticalthinking,doubt,andscrutinyof 

assumptions. 

19. Classifythetypesof skepticism. 

There are different types of skepticism, such as philosophical skepticism (whichquestions 

the possibilityof knowledge in general), scientific skepticism(which questions claims based 

on empirical evidence), and practical skepticism (which applies skepticism in everyday 

decision-making). 

20. Whataretheadvantagesofskepticismtoscientists? 

Skepticism allows scientists to reach logical conclusions supported by evidence that has 

been examined and confirmed by others in the same field, even when that evidence does 

not confirm absolute certainty. Scientific skeptics attempt to evaluate claims based on 

verifiabilityandfalsifiability;theydiscourageacceptingclaimswhichrelyonfaithor 

unreliableevidence. 

21. Whatisthe conceptofempiricism? 

Empiricism, often used by natural scientists, believes that "knowledge is based on 

experience" and that "knowledge is tentative and probabilistic, subject to continued 

revision and falsification" 

22. Enlist thetypesof empiricism. 

Classicalempiricism,radicalempiricismandmodernempiricism. 
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23. WhatRationalism? 

Rationalismisaphilosophical positionthatemphasizestheroleofreasonandlogicin acquiring 

knowledge and understanding the world. 

24. Defineevidence-basedapproachinscientificinquiry. 

Anevidence- 

basedapproachinscienceinvolvesmakingdecisionsanddrawingconclusionsbasedonempirica 

levidencefromsystematicresearch,ratherthanintuition 

orunreliableevidence. 

25. Howdoespeerreviewcontributeto thevalidation ofscientificknowledge? 

Peer review involves experts in the field evaluating the validity and quality of scientific 

research before it is published, ensuring accuracy and reliability. 

26. Whyisitimportantforscientiststoremainobjectiveintheirresearch? 

Objectivity in scientific research helps scientists avoid bias and ensure that their 

interpretations ofdata and conclusions are based on evidence rather than personal beliefs 

or preferences. 

27. Whatroledoesexperimentationplayinvalidatingscientifichypotheses? 

Experimentationvalidatesscientifichypothesesbytestingpredictionsderivedfromtheories 

against empirical data collected under controlled conditions. 

28. What isscientific temper? 

The scientific temper is defined as using the scientific method to think and act, including 

questioning, observing, testing, hypothesizing, analyzing, and communicating ideas. 

 

PART -B &C 

1. Elaboratethemanner inwhichinductivereasoning contributetotheformationofscientific 

theories. 

2. Provideanexampleofdeductivereasoningusedoutsideofscientific research. 

3. Whatcriteriashouldahypothesismeettobeconsideredscientificallyvalid? 

4. Describehowexperimentaldesignhelpsintestinghypotheses effectively. 

5. Whyisitimportanttovalidatefactsbasedonevidencebased research? 

6. Discusstheimpact ofpeerreviewonthecredibilityofscientific publications. 

7. Demonstratethe role ofskepticismtothe reliabilityofscientificknowledge? 

8. Explainhowempiricismsupportsthereliabilityofscientificconclusions. 

9. Giveanexampleofrationalismguidingthedevelopmentofascientifictheory. 

10. Howdoesscientifictemperinfluencepersonaldecision-makingbeyondscientificcontexts 
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