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Chapter 2

Science uses logic: Rationalism

Empiricism

“I won’t believe it till I see it with my own eyes!”

Gaining knowledge through observation (or experience)

the only way to know something is to experience it through our senses

Naïve vs. Sophisticated empiricism

Science

Rationalism

To derive theories from existing observations

To derive predictions from theories to test empirically

Scientific Attitude

Curiosity

What do you mean? (clarity)

How do you know? (evidence)

Receive answers with a healthy dose of doubt

Examine our own assumptions and challenge our preconceptions – search to be proven wrong

Principle of Falsifiability

The Scientific Method

An approach to acquiring knowledge that involves formulating specific questions and then systematically finding answers.

Steps:

Observe behavior or other phenomena

Form a hypothesis

Use your hypothesis to generate a testable prediction

Evaluate the prediction by making systematic, planned observations

Use the observations to support refute or refine the original hypothesis

Observe Behavior or Other Phenomena

Observe the world around you

What interests you?

Induction (inductive reasoning)

Using a small set of specific observations as the basis for forming a general statement about a larger set of possible observations

Deductive Reasoning

All humans are mortal

David is a human

Therefore, David is mortal

Form a Hypothesis

Is it the amount of studying or the frequency of studying?

Hypothesis: a statement that describes or explains a relationship between or among variables.

A tentative answer, not a final answer

Studying more frequently leads to better learning than less frequently.

Use your hypothesis to generate a testable prediction

Prediction 1:

A group that studies for 5 days 1-hour per session, will learn better than a group that studies during a single 5-hour session. 

Prediction 2:

The rate of forgetting will be higher among participants who were in the 5-hour session than the five 1-hr sessions. 

Evaluate the prediction by making systematic, planned observations

Data collection/research phase

We need to measure variables

Variables

characteristics that change or have different values for different individuals. 

any measurable conditions, events, characteristics, or behaviors that are controlled or observed in a study.

Use the observations to support refute or refine the original hypothesis

Do the data support your hypothesis?

Do they refute it?

Does the hypothesis need revision?

Other elements of the scientific method


Science is empirical

Answers are obtained by making observations

Scientific method involves structured or systematic observations

The structure of the observations is determined by the hypothesis

The observations will either support or refute the hypothesis

Self-report vs. measurement

Other elements of the scientific method


Science is public


Scientific Journals: a periodical that publishes technical and scholarly material, usually in a narrowly defined area of inquiry

Scientific report (article)

Intro

Methods

Results

Discussion

Peer review

Replication

Only public observations are verifiable

Other elements of the scientific method


Science is Objective

Researcher’s biases and beliefs should not influence the study

Blind research

Theory

A system of interrelated ideas used to explain a set of observations (behaviour / events)

Must be testable

Hypothesis

A testable prediction that is based on your theory

What evidence would confirm my theory?  Disprove it?

Operational Definition

A clear statement of the procedures (operations) used to define research variable

Describe what will be measured

Describe what procedure will be used

How will you analyze your results

Muller-Lyer Illusion

Grasp - the distance between the tip of the thumb and the tip of the index finger

I will put sensors on participant’s thumb and index finger

I will ask participants to reach to each arrow (presented alone) 5 times

Drawing Conclusions

Is there a difference between the grasps?

Importance of statistical significance …

Muller-Lyer Illusion

Possible Conclusions:

Confirm – grasps are different

Disprove – grasps are the same or at least close enough

Actual Results

The average distance between the thumb and the index finger was not different depending on the arrow direction.

The illusion does not fool the hand…

Research Methods

Experimentation

Independent and Dependent Variable

Methods of protection

Descriptive

Case Study, Survey, Naturalistic Observation

Highlights and Limitations

The Experiment

A research method in which the investigator manipulates a variable under carefully controlled conditions and observes whether any changes occur in a second variable as a result

Watching television causes weight gain.

Make people watch TV and observe the effects on weight. 

Experimentation Approaches

A means of determining the cause of events

Manipulate factors to determine their effect

Watching more television causes obesity.

What else could cause obesity?

Must control for these other options…

Variables of Interest

Independent variable (IV)

The variable you manipulate

Hours watching TV (1 or 4)

Dependent variable (DV)

The variable your measure

Children’s weight gain

Controlled variables

Caloric intake, physical activity

Experimental vs. Control Group

Control Group: No TV

Experimental Groups:

1 hour of TV

4 hrs of TV

Experimental and Control groups must be alike!

Randomization

Other Variable terminology

Extraneous Variable: any variable other than the independent variable that may influence the dependent variable

Confounding Variable: when two variables are linked together in a way that makes it difficult to sort out their specific effects.

Descriptive Approaches

Naturalistic Observation

Case Studies

Surveys

These methods describe behavior  - they cannot explain it

Naturalistic Observation

Observe and record behavior as it naturally occurs

No attempt to control the situation

Less intrusive than other methods

Research has less of an effect on the behaviour of those observed

BUT … can never completely neutralize the impact of being observed

Case Study

Observation technique in which one person is studied in depth in the hope of revealing universal principles

Closely study your child to see how their language develops

Your grandfather after a stroke to the left hemisphere of the brain – how must the LH  control behaviour?

E.g. Paul Broca

Can you think of potential problems that can stem from using this method?

Limitations of Case Study

One subject is not always generalizable to the population

Atypical subjects can lead us astray

A very rich approach but needs to be supplemented with other methods

Survey

Technique for learning the attitudes or behaviors of people through questionnaires and interviews

Self – reported

Asks a representative, random sample of the population

Often multiple-choice questions or scales

Quick to administer and analyze

Limitations of a Survey

Wording Effect

Forbid/allow asymmetry

Do you think the US should forbid (allow) public speeches against democracy?

yes, forbid 54% 

yes, allow 25%

no, not forbid 46% 

no, not allow 75%

Data Analysis

Descriptive Statistics

Organize and summarize the data

Inferential Statistics

Interpret data and draw conclusions

Statistics – using mathematics to organize, summarize, and interpret numerical data

Correlation

When 2 behaviours accompany each other

Degree of relationship - correlation coefficient (r) 

Varies between -1 and +1

Strength – how close to the line

Near 0 = weak

Near +/- 1= strong

Direction of Relationship

Positive – directly related

ie… As weight increases, height increases

Negative – inversely related

ie… As TV time increases, math grades decrease

Are they positive or negative?Are these correlations strong or weak?

Considerations for Correlations

Correlations indicate that one thing is PREDICTIVE of another – they are related in some way

Not an explanation or a cause

Sample correlations:

Childhood abuse and later crimes

Depression and low self-esteem

Descriptive Statistics

Organize and Summarize

Measures of Central Tendency

Mode -  most frequently occurring

Median -  middle score

Mean – arithmetic average **

Grade 11 Math Exam scores

What about Variability?

How similar or diverse are the scores?

How much do the scores in a data set vary from each other and from the mean

Range – Highest score minus lowest score

Easily skewed by extreme scores

Standard Deviation – how much variation exists around the mean

More difficult to compute but the standard measurement in research

Making Conclusions…Inferential Statistics

Statistical significance: a statement of how likely it is that an obtained result occurred by chance

p < .05

How to Determine Significance?

Mathematical Technique

You need a large sample

You need a reliable sample

Random and Representative of the population

Less variability is better

Evaluating Research

Participant expectations

Experimenter expectations (bias)

Experimenters evaluating a participant may bias their evaluation towards their expected results

Double-blind procedure:

Participants don’t know what they’re getting

Experimenters don’t know who they’re evaluating

