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South Dakota State University 
 

Psychology 375 - Research Methods in Psychology 
 
 
Concepts addressed: 
Research Methodology and Statistics: Methods of inquiry: asking questions, formulating 
hypotheses, using data, creating theories, drawing inferences and defining independent versus 
dependent variables; data collection: experimentation, observation, interview, and case study; 
interpretation of data: graphs, charts, and figures; and the role of statistics in psychology: 
inferential statistics, correlation, cause and effect, the normal distribution, reliability, validity, 
and descriptive statistics  

1. Methods of Inquiry  

Asking Questions 

ο Uses of research  
• Informed citizens need knowledge of research methods  
• Occupations require the use of research findings  
• Scientific research is important in public policy decisions  
• Research is important when developing and assessing the effectiveness of 

programs  
ο The scientific approach  -  

• Limitations of intuition and authority  
• Cognitive and motivational biases  
• Erroneous conclusions about cause and effect - example: Illusory correlation  

• Authority  
• A prestigious authority  
• News media  
• Government officials  
• Religious figures  

• Rejects the notion that one can accept on faith the statements of authority  
• Requires more evidence than intuition before drawing conclusions   
• Scientists  

• Are skeptical  
• Reject intuition and blind acceptance of authority  
• Require that ideas must be evaluated on the basis of careful logic and results 

from scientific investigations  
• The scientific method  

• Empiricism is knowledge based on observations  
• Data are collected that form the basis of conclusions  
• Uses rules for collecting and evaluating data  

ο Elements of Goodstein's Evolved Theory of Science  
• Observations accurately reported to others  
• Search for discovery and verification of ideas  
• Open exchange and competition among ideas  
• Peer review of research  
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ο Goals of science  
• Describe behavior  
• Predict behavior  
• Determine the causes of behavior  

• Temporal precedence  
• Co-variation of the cause and effect  
• Elimination of alternative explanations  
• Types of scientific predictions  

• Causal predictions  
• Non-causal prediction  

• Understand or explain behavior  
• Goes beyond what can be observed impartially. Most psychologists want to 

discover "how behavior works."  
• Why do we laugh at situations that differ from our expectations of what 

is coming next?  
• What conditions could lead someone to attempt suicide or commit rape?  

• Ways of understanding behavior  
• Careful observations of many different instances of a phenomenon  
• Research that systematically evaluates alternative views about a 

psychological event  
• Informed imagination  

• Types of Research  
• Basic research  

• Goals of basic research  
• To formulate empirical laws indicating the relationship between 

variables.  
• To formulate theories which go beyond empirical relationships and 

serve as unifying networks between seemingly unrelated events.  
• Importance  

• Often leads to applications  
• Applied research - aims to improve the quality of life by applying 

psychological principles. Uses scientific methods, procedures, and concepts 
for the express purpose of solving a problem or answering a question posed 
in everyday life.  

• Applied research is conducted to address issues in which there are 
practical problems and potential solutions.  
• Program evaluation  

• Comparing basic and applied research  
• Both are important  
• Neither can be superior to the other  
• Applied research is often guided by theories and findings of basic research  
• Findings in applied settings often require modification of existing theories 

and spur more basic research  

Formulating Hypotheses 

ο Where to start  
• Books  
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• Review articles  
• Psychological bulletin  
• Annual review of psychology  
• Edited books  

• Journal articles  
• How to find appropriate journal articles  

• Psychological abstracts  
• "Treeing" backward through the references  
• "Treeing" forward  

• Parts of a research article  
• Abstract  
• Introduction  

• General overview of literature  
• Specific research questions and expectations  

• Method  
• Subjects/participants  
• Design/measures  
• Procedures  

• Results  
• Findings of the study  
• Narrative, tables and figures, and statistical analyses  

• Discussion  
• Summary of findings and hypotheses  
• Relate results to past research and theory  
• Implications of results  

ο Using data  
• Scales of measurement  

• Quantitative  
• Numbers  
• Each observation represents an amount that has occurred  

• Qualitative  
• Words  
• You can assign numbers to these classes/categories but they are still not 

quantitative  
• When in doubt, focus on a single observation  

• Types of scales  
• Nominal scale  

• A scale that has no numeric properties.  
• The categories or values on the scale differ by name only.  

• Ordinal scale  
• Values on the scale are meaningful in terms of a rank order of some 

quantity  
• Interval scale  

• The values on the scale reflect intervals that are equal in terms of 
size.  

• There is no absolute zero point on the scale.  
• Ratio scale  

• Intervals are equal  
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• There is a true zero point  
• Why important?  

• Use different statistics on each kind of scale  

Creating Theories  

ο Theory  
• Definition: a set of structured and testable principles (hypotheses) which guide 

and direct research.  
• Hypothesis-the simplest proposition, deals with only one relationship 

and does not speculate about what might cause the relationship  
• Theory addresses integrated nature of effects that are produced by several, 

interrelated events  
• Theory must be testable; must be able to be disconfirmed  
• Theory may become a law if the outcome is invariant  

• Laws cannot be disconfirmed; they can be demonstrated empirically and 
established through testing, but they are not subject to disproof  

Drawing Inferences and Defining Variables  

ο Defining variables  
• A general class or category within which specific instances vary  
• Includes characteristics of people, situations, and behaviors  
• Must have two or more levels or values  
• In research, may be measured or manipulated  

ο Operational definitions  
• Define a variable in terms of the method used to measure or manipulate the 

variable  
• Variables can be operationally defined in a variety of ways. Full understanding 

requires studying variables using a variety of methods  
ο Relationships between variables  

• Positive linear  
• Negative linear  
• Curvilinear  

ο No relationship  

II. Data Collection 

Descriptive Methods  

ο Naturalistic observation  
• Observation of behavior in a natural setting over an extended period of time, 

using a variety of methods  
• Primarily qualitative rather than quantitative  
• May be participant or non-participant  
• Systematic observation  

ο Observation of one or more specific behaviors in a well-defined setting  
• Primarily quantitative  
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• Requires a coding system for precise measurement of the variables  
ο Case study  

• Observation and description of a single case, usually an individual  
ο Archival research  

• Use of existing records to study behavior  
• May include statistical records, survey archives, and written documents available 

to researchers  
• Analysis of written documents requires content analysis using a coding system   

ο Psychological testing  
• Use of psychological tests to study psychological traits such as intelligence or 

extroversion  

Surveys  

ο Purposes  
• Surveys are used for many different purposes.  

• Nonscientific  
• Scientific  
• Find new relationships  
• Dependent variable of an experiment  
• Used to classify  
• Study change over time  
• Exploratory  

ο Experimental versus correlational methods  
• Experimental methods  
• Two defining concepts  

• Manipulation of independent variables  
• An independent variable is manipulated 
• Conditions are established by the experimenter 
• There are at least two levels of the independent variable 
• In the simplest case, there is an experimental and a control group  
• A dependent variable is measured  

• Extraneous variables  
• Consequences when allowed to vary  
• Can't determine effects  
• False effects - controlled through 

• Experimental control  
• Randomize effects across treatments  

ο Strengths  
• Only method that can determine cause and effect  

• Because the independent variable is directly manipulated and 
extraneous variables are controlled,  

• A causal relationship between the independent and dependent variables 
can be determined.  

ο Weaknesses  
• Can't use when can't manipulate hypothesized causal variable.  
• Because have to maintain tight control over extraneous factors, generality of the 

findings may be poor.  
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Correlational Methods  

ο Differences from experimental methods  
• You do not manipulate any independent variables  
• Participants are not randomly assigned  

ο Causation and the correlational approach  
• Third-variable problem.  
• The directionality problem  

ο Some reasons for using the correlational method  
• When it would be unethical or impossible to manipulate a variable of interest.  
• When the focus of the research is participant characteristics.  
• When the goal of the research is to describe variables and their potential 

relationships  
• When the goal of the research is the prediction of future behavior.  

III. Interpretation of Data  

Graphs, Charts, and Figures  

ο In general  
• Plot values  

• Of the independent variable on abscissa (horizontal axis or x-axis)  
• Plot values of the independent variable on ordinate (vertical axis or y-

axis 
ο Histogram (bar graph)  

• Illustrates graphically using a horizontal and vertical axis  
• Presents a bar for each value if the independent variable  

• Bars are arranged along the abscissa  
• Top of bar corresponds to some value of the dependent variable  

ο Frequency polygons/line graph  
• Frequency polygon is general method/line graphs involve more complex 

expressions of multiple variable experiments  
• Created by connecting the points that reflect the peak of each bar on a bar graph 

(can use other types of measurement)  
ο Pie charts  

• Used to present how much of the total distribution of scores falls into each 
category  

IV. The Role of Statistics in Psychology  

Understanding Research Results: Statistical Inference  

Inferential Statistics  

ο Hypotheses  
• Null hypothesis  

• An exact statement that there is no relationship between the variables 
being studied.  
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• M 1 = M2 is a null hypothesis statement that the population mean of 
group 1 is equal to the population mean of group 2.  

• Research hypothesis or alternative hypothesis  
• The alternative hypothesis that there is a relationship between the 

variables.  
• M1≠M2 is a research hypothesis statement that the population means of 

two groups are not equal.  
ο Testing hypotheses  

• Always test Ho - never test HA  
• Reason for not Testing HA  

• Lacks necessary precision  
• Does not specify a single number  
• HA says a different number, not a specific number  
• Ho says a specific number, 0  
• HA only says that some difference exists  

• Retain or reject Ho  
• Retaining Ho is a weak decision  

• Retaining Ho does not imply that Ho is true only that it is 
probably true  

• Says nothing about HA  
• HA could be true but you didn't do the research correctly or for 

some other reason didn't find evidence of HA  
• Rejecting Ho is a strong decision  

• Implies that Ho is probably false and 
• Because you have controlled everything else, there is no other 

explanation except that HA is true   
• This is why we control for extraneous variables  

Probability And Sampling Distributions  

ο Probability  
• Logic  

• We test the difference between the two means to see if it occurred 
as a result of random error  

• If it did occur as a result of random error, the two samples 
(experimental and control) came from the same population  

• If it did not occur as a result of random error then the only 
explanation left is that the two samples came from two different 
populations.  

• Problems and solutions  
• Given the nature of probability theory, we can't be certain that 

something did not occur because of random error.  
• We can only state the probability that it didn’t occur 
• Thus, we test to see if the difference between the means was 

likely to have occurred due to random error or unlikely to have 
occurred 

• Significance level  
• To do this in a consistent manner, we have set a probability 
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level (alpha; a) of it having occurred by chance (random error) 
that is rare or very rare  
• If, according to probability theory, the difference between 

the means would occur for 5 out of every 100 samples from 
a population, we consider that rare 
• We call this alpha = .05 or a= .05  

• If, according to probability theory, the difference between 
the means would occur for 1 out of every 100 samples from 
a population, we consider that very rare.  
• We call this alpha = .01 or a= .01  

• Sampling distributions  
• Known mean of the population  

• If know the mean of the population we draw a sample and 
compare it to that mean  

• We usually don't know the mean of the population so we 
have to estimate the population mean.  

• Sampling distribution of the mean  
• The sampling distribution of the mean is a probability 

distribution of means for all possible random samples of a 
given size from some population.  

• Describes the entire range of sample means that could occur 
just by chance  

• Three important characteristics of the sampling distribution 
of the mean  

• Mean of all sample means is equal to the mean of the 
population  

• Standard error of the mean  
• Shape of the sampling distribution of the mean will 

approximate a normal curve if the sample size is sufficiently 
large (> 25)  

• Summary: If sample size is greater than 25, then any single 
sample mean can be viewed as originating from a sampling 
distribution  

• Whose mean is equal to the population mean,  
• Whose standard error equals the population standard 

deviation divided by the square root of the sample size, and  
• Whose shape approximates a normal curve  

• Statistical tests  
• Two Common statistical tests  

• T-test 
• F test  

• Outcomes of statistical decisions  
• 4 possible  

• 2 correct  
• 2 incorrect  

• Correct decisions  
• Ho is true and you retain it  
• Ho is false and you reject it  

• Incorrect decisions  
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• Ho is true but you reject it - TYPE I or alpha ERROR  
• Ho is false but you retain it - TYPE II or beta ERROR  

• Beta - some critical points  
• As alpha rises, beta decreases  

• Other things enter into determining beta besides alpha  
• Size of the expected effect  
• Sample size  

• How to determine right size  
• Use a power chart  
• Power = 1 - beta  

Correlation Coefficients  

ο Simple correlations  
• Definition  

• A measure of the strength of relationship among variables.  
• Types of relationships  

• Positive  
• Negative  
• Zero  

• Important point  
• The amount of increase in one variable is not necessarily the same 

as in the other variable. It is the relative position in the distribution 
that we are measuring.  

• Scatter plots  
• Know how to do these  

• Correlation coefficient  
• A number between -1 and 1 that describes the relationship 

between a pair of variables.  
• Pearson product-moment correlation  

• Describes a linear relationship.  
• Important to do a scatter plot so you can know if you 

have linear data.  
• What to do if curvilinear  
• Transform data so it is straight. Use a trial and error 

method until you find some mathematical function 
that creates a straight line--square, cube, take log, 
etc. 

• There are other types of correlation coefficients 
besides the Pearson--use one of these  

• Some important information about r  
• r is independent of the units of original 

measurement.  
• Most r's are not perfect 1.00 or -1.00 but a range 

between +/- 1.00. The higher the absolute value of r, 
the stronger the relationship.  

• The stronger the relationship the closer to a point-
by-point individual relationship.  
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• r is better understood in a verbal relationship.  
• Restricted Range can result in correlation 

coefficients and scatter plots that misrepresent the 
relationship.  

• Correlation is not causation.  
• Because variables co-vary does not mean X 

causes Y  
• Y could cause X  
• Could be a third variable--C--that causes both  

•  Regression equations  
• Used for predicting score on a variable when you know 

the score on a related variable  
• For predicting from a person's score on X that person's 

score on Y  
• Equation  
• Y' = a + bX + e  
• This equation defines the slope and intercept of a 

straight line that passes closest to all the points on 
the scatter plot.  

• Limitations  
• Although we can predict Y for the X scores within 

the range given, we cannot be sure that we can do so 
above or below these X's. The data may not be 
linear.  

• Prediction does not equal cause and effect. X 
predicts Y, not causes y.  

• Some other uses of r2  
• R2 is a direct measure of the strength of a 

relationship 
• Remember r = .80 is not twice as strong as r = .40 

but r2 = .50 is ½ as strong as r2 = 1.00 and twice as 
strong as r2 = .25.  

• Coefficient of determination  
• If you take 2 tests, some common element may 

have an effect on both scores, e.g., cause scores 
to vary in the same way.  

• Common variance can be measured with r2  
• If r = .80, then r2 = .64 and the two tests have 

64% of the variance in common.  
• Variance interpretation  

• r2 represents the amount of variance in Y that is 
explained by (or attributable to) X.  

• 1- r2 indicates the proportion of variability in Y 
that is not predictable from X  

• r2 does not describe individual scores. r2 = .52 
does not explain the part of Y that is predicted 
by X of any individual Y score, but the part of Y 
that is predicted by X in all Y scores .  

• Multiple regression  
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• Use more than 1 X score to predict Y  

Causality  

ο May have multiple causes for any condition  
• Causes may  

• Be necessary but not sufficient  
• Be sufficient but not necessary  
• Contribute only a small part to the effect  

ο  A cautionary note  
• Although correlation does not equal causation,  

• If one variable causes a change in another variable, the two 
variables will be correlated.  

• Thus, when there is causation there is also correlation.  

Normal Distribution  

ο Characteristics  
• Mean, median, and mode fall at precisely the same point on the curve o 

It is bilaterally symmetric, i.e., one half is a mirror image of the other  
ο Central limit theorem  

• For any population of scores, regardless of form, the sampling 
distribution of the mean will approach a normal distribution, as sample 
size gets larger.  

• This normal distribution will have a mean equal to the population mean 
and a standard deviation equal to the population standard deviation 
divided by the square root of the sample size.  

• In practice, a sample size of 25 is large enough to approximate the true 
mean of the population.  

Reliability  

ο Definition  
• Reliability refers to the consistency or stability of a measure.  
• A good measure of a variable should be reliable.  
• Any observed score on a measure of a variable reflects a true score on 

the variable plus measurement error.  
• A reliable measure has little measurement error. Thus, the observed 

score on the measure reflects the true score on the variable.  
• A measure of a variable that is unreliable cannot be used to study the 

variable.  
ο Reliability versus accuracy  

• An accurate measure produces results that agree with a known standard.  
• A particular measuring instrument can be inaccurate but reliable. 
• Unjustified conclusions may arise from unreliable measures.  

ο Assessing reliability  
• Test-retest reliability  
• Split-half reliability  
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• Odd-even reliability  
• Item-total reliability  
• Inter-rater reliability  

Validity  

ο Validity refers to the extent to which the measure of a variable actually measures 
what it is supposed to measure.  

ο More generally, construct validity is the extent to which an operational definition of a 
variable does in fact reflect the underlying conceptual variable.  

ο Indicators of construct validity  
• Face validity  

• A general estimate of whether a measure appears to measure the 
variable being studied  

• Criterion-oriented validity  
• The relationship between scores on a measure and some criterion  

ο Criterion validity  
• The degree to which a measure accurately measures the theoretical 

construct it is designed to measure.  
• Construct validity is established when the measure of a variable relates 

to other variables in theoretically meaningful ways.  
• Criterion validity is established when the measure of a predictor 

variable relates to scores on a criterion variable.  
ο Types of criterion-oriented validity  

• Predictive validity - the extent to which the measure allows you to 
predict behaviors that it should predict.  

• Concurrent validity - the extent to which two or more groups of people 
differ on the measure in expected ways.  

• Convergent validity - the extent to which scores on the measure in 
question are related to scores on other measures of the same or similar 
constructs.  

• Discriminant validity - the extent to which the measure is not related to 
variables with which it should not be related.  

ο The problem of reactivity  
• A measure is reactive if the measurement changes the behavior being 

studied.  
• Being aware that someone is observing or measuring your behavior may 

change the way you behave.  
• Allowing time for subjects to get used to being observed or measured 

minimizes reactivity.  
• Non-reactive or unobtrusive measures are indirect measures of 

behavior.  
ο Confounding and internal validity  

• Definitions  
• Confounding - a confounding variable is one that varies along 

with your independent variable.  
• Internal validity - the extent to which the independent variable, 

and only the independent variable, caused the change in the 
dependent variable.  
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• How to look for confounding variables  
• Identify dependent variables  
• Now look for anything else in the experiment that might vary with 

the independent variable  
• Do both groups have it? - If yes then not a problem - If no, then 

can affect results.  
• Threats to internal validity - uncontrolled effects associated with the 

passage of time or the selection of subjects:  
• History - when the effect is due to an event that occurs between 

the presentation of the independent variable and the measurement 
of the dependent variable and is not of research interest.  

• Maturation - when the effect is due to natural changes rather than 
changes due to treatment  

• Testing  
• When an effect is attributed to repeated testing  
• Participants have become practiced or learned from 

previous testing as a result of test taking  
• Instrument decay - when the effect is due to changes in the 

measuring instrument from pre- to post-test  
• Statistical regression - when the effect is due to a statistical artifact 

rather than a change due to the manipulation of the independent 
variable 

• Selection differences  
• When groups are not equivalent before treatment, the 

effect may be due to prior differences rather than the 
treatment.  

• Interactions between selection effects and other effects 
(e.g., history, maturation) can be very serious.  

• Mortality - when an effect is due to differential attrition.  
• Poorly designed experiments  

• One-shot case study  
• One-group pretest-posttest  
• Nonequivalent control group design  

• Well-designed experiments  
• Posttest-only design  
• Pretest-posttest design  

ο Controlling error variance by experimental design  
• Error variance  

• The statistical variability between scores caused by the influence 
of variables other than your independent variable.  

• Error variance is intrinsic to all experimental designs.  
• Use different designs to control different sources of error variance.  

• Sources of error variance  
• Characteristics of the participant at the time the score was 

measured  
• Experimental error  
• Value of the independent variable  

• But we are only interested in the variability due to the 
value of the independent variable.  
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• Can divide the total score, or total variance, into two 
parts, the  

• Variance between-groups and the variance within-
groups  

• Determining true score due to the value of the 
independent variable  

• Divide between-group variance by within-group 
variance  

• (a+b+c)/(a+b) * c  
• But the more error variance there is the less powerful is 

this test  
• Use a variety of designs to control error variance and 

make test more powerful  
• Strategies for coping with error variance  

• Reduce error variance - hold extraneous variables constant 
• Participants - matched groups  
• Increase the effectiveness of your independent variable  

• Use literature as guide  
• Unless you know that small differences in the levels of 

the independent variable will show the effect that you 
expect, use larger amounts or more levels  

• Randomize your error variance across groups  
• Use random assignment to groups  
• This tends to distribute error variance evenly among the 

groups.  
• Statistical analysis  

• There is no guarantee that random assignment will 
distribute error variance evenly across groups, so we 
must use inferential statistics to determine the 
probability that a given effect occurred by chance.  

• If it probably did not occur by chance then you assume 
that it is due to your manipulation.  

ο Scales of measurement  
• Quantitative  

• Numbers - each observation represents an amount that has 
occurred  

• Qualitative  
• Words  

• You can assign numbers to these classes/categories but 
they are still not quantitative  

• When in doubt focus on a single observation  
• Types of scales  

• Nominal scale  
• A scale that has no numeric properties 
• The categories or values on the scale differ by name only.  

• Ordinal scale  
• Values on the scale are meaningful in terms of a rank 

order of some quantity  
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• Interval scale  
• The values on the scale reflect intervals that are equal in 

terms of size.  
• There is no absolute zero point on the scale.  

• Ratio scale  
• Intervals are equal  
• There is a true zero point  

• Why important?  
• Use different statistics on each kind of scale  
• Important that you use the most complex scale possible  

ο Types of statistics  
• Descriptive  

• Examining the data  
• Frequency distributions  
• Frequency polygons  
• Histograms  

• Describing the data  
• Central tendency  

• Mean  
• Statistical average of scores (total divided by 

the number of scores) 
• The value of every score is used in calculation 

of the mean 
• Used with interval or ratio scale data 
• Can be misleading if there are very extreme 

scores or the distribution of scores is not 
normal.  

• Median  
• The middle score in a distribution. Half the 

scores are higher and half are lower.  
• Used with ordinal scale data.  
• Used when there are very extreme scores or the 

distribution is not normal.  
• Mode  

• The most frequent score in a distribution.  
• Actual values of scores not considered when 

calculating the mode.  
• Used with nominal scale data.  
• Used when only a very simple description of 

scores is needed (e.g., the modal age of a 
sample of subjects).  

• Measures of variability  
• Standard deviation  

• Describes the average deviation of scores from 
the mean.  

• The standard deviation is the square root of the 
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variance.  
• The variance is found by subtracting each score 

from the mean and then squaring the 
difference. The total of these squared 
differences is divided by the number of scores.  

• Range  
• The difference between the highest and lowest 

scores  


