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What is 
Experimental 
Research Design

• Experimental design is 
a concept used to 
organize, conduct, and 
interpret results of 
experiments in an 
efficient way, making 
sure that as much 
useful information as 
possible is obtained by 
performing a small 
number of trials.



What is Experimental Research Design

Experimental research is a scientific
approach to research, where one
or more independent variables are
manipulated and applied to one or
more dependent variables to
measure their effect on the latter.
The effect of the independent
variables on the dependent
variables is usually observed and
recorded over some time, to aid
researchers in drawing a
reasonable conclusion regarding
the relationship between these 2
variable types.



Experimental design

• Experimental design is where researcher 
purposely and systematically introduces a 
treatment to a group that is selected 
randomly (random assignment) and observe
the resulting change that occur to the group.

• Experimental research is a scientific method 
of conducting research using two variables: 
independent and dependent. Independent 
variables can be manipulated to apply to 
dependent variables and the effect is 
measured. This measurement usually 
happens over a significant period of time to 
establish conditions and conclusions about 
the relationship between these two variables.



Features of the 
experiment

Independent variable • 
Dependent variable • Subjects 
• Control



Basic concepts in 
experimental design 

• Explores relationship 
between variables 
• Independent variable is the 

variable (factor) that is 
purposely  changed. It is the 
manipulated variable. 

• Dependent variable changes 
in response to the 
independent variable. 

• It is the responding variable. 



Examples

• The experiment is a method where
the researcher manipulates one
variable (independent variable) and
observes its effect on another
(dependent variable) under
controlled conditions

• Example: A researcher may expose a
group of students who using
computers for learning and a second
group used smartphone then
measure their performance



Purpose of Experimental Design

To ascertain the effect of treatment of independent variable on the 
dependent variable:

▪ Eg 1: Effect of motivational exercise (IV or ) on students’ academic achievement (DV) 

• Eg 2 : The Effects of Music (IV) Upon Second Language Vocabulary Acquisition (DV) 

Researcher must ensure changes on subject (DV) is caused by IV and 
NOT other variables. 

Testing hypothesis about cause and effect relationships.



Extraneous variables (EV) or Confounding Variable (CV)

• an extraneous variable is any
variable that you’re not
investigating that can potentially
affect on IV (EV) or both IV and
DV (CV).

• Needs to be controlled to ensure
result is valid.



Control Variables

• Control: The control of your experiment is an 
aspect that stays the same. This is used to 
help researchers contextualize the results of 
the experiment. In the example, the control 
is the cookie made with the original recipes.



Controlling Extraneous variables.

The effect of extraneous variables (EV/CV) 
needs to be controlled to ensure it does not 
contribute to the effect caused DV. Control 
method:  

1. Random assignment of subject to 
experimental and controlled groups IF 
population is homogenous.

2. Random matching IF population is not 
homogenous. Subject matching in pairs. 

3. Selecting similar subject. If random 
matching not possible due to lack of 
matching pairs. This approach limits 
findings to specific group only. 



Control Over Extraneous Variables

Extraneous variables: Influences in
participant selection, procedures,
statistics, or the design likely to affect
the outcome and provide an alternative
explanation of results than what was
expected, can be controlled by:

• Random assignment of participants
before beginning the experiment

• Other control procedures:

– Pre- and posttests

– Matching participants

– Covariates

– Homogenous samples

– Blocking variables



Covariat

• Covariates are commonly
used as control variables

• A covariate is thus a
possible predictive or
explanatory variable of
the dependent variable.



Controlling for Covariates: Analysis of Covariance

Independent

Variable: 

Non 
smoking

program

Dependent 

Variable:

Rates of 

Smoking

Independent 
Variables

Dependent 
variables

Covariate:

Parents Who

Smoke

No Covariates

Covariate Introduced
Variance





Pre test

Using 
smartphone

post test

Using 
Personal 
computer

Post test

conventional 
way

post test

INDEPENDENT VARIABLES

DEPENDENT VARIABLES



Six main features of experimental design. 

Random assignment of subjects to experimental group and control group; 

Comparison between treatment group and control group

Observation of effect IV (also 
known experimental or 

treatment variable) on DV (also 
known as criterion or outcome 

variable) as result or outcome of 
study. 

Control of extraneous variables:

a)  to reduce threats that might 
influence outcome (DV) of study; 

Manipulation or treatment is IV 
(also known experimental or 

treatment variable)

Validity

i) Internal validity: IV cause changes 
to DV

ii) External validity: research finding 
can be   generalized to population. 



Steps in 
conducting 
experimental 
design



Steps in Conducting 
Experimental Research

Step 7 Repeat the experiment

Step 6 Conduct research

Step 5 Create a test group

Step 4 Choose a design type

Step 3 Form a hypothesis

Step 2 Define the variables

Step 1 Determine your specific research question



Step 1 : Determine your specific research 
question

• To begin, craft a specific research question. 

• A research question is a topic you are 
hoping to learn more about. 

• In order to create the best possible results, 
try to make your topic as specific as 
possible.



Step 2 : Define the variables

• In order to keep your experiment
accurate and organized, it can be helpful
to define the variables involved in your
experiment. There are three variables
you may need to address:

• Independent: The independent variable
is the aspect of the experiment that
changes.

• Dependent: The dependent variable is
the asect of the experiment that changes
because of the independent variable.

• Control variables



Step 3 : Form a hypothesis • A hypothesis is the expected 
outcome of the experiment. 

• A research hypothesis is a 
specific, clear, and testable 
proposition or predictive 
statement about the possible 
outcome of a scientific 
research study based on a 
particular property of a 
population, such as presumed 
differences between groups 
on a particular variable or 
relationships between 
variables



Step 4 : Choose a design type
• The type of experimental

design you chose for your
experiment can affect how
you conduct your
experiment.

• When deciding which
design type to use, you may
want to consider your
available resources,
including the time you are
able to commit to the
experiment.



Step 5 : Create a test group

• Knowing what experiment design types you may 
use can help determine how you assemble your 
test groups.

• Experiment size: It's important to ensure you 
have an even number of people in each group to 
take part in your study. This is because equal 
test group sizes can ensure fair and accurate 
experiment results. 

• For example, if you have two test groups, you 
may want both to have 10 participants in them.

• Group sorting: The design type you chose for 
your experiment can affect the way you sort 
your participants into test groups. 

• For example, if you chose to use independent 
measures, you most likely can randomly assign 
the participants to test groups.

• Target audience: When choosing participants 
for your experiment, consider your target 
audience to ensure useful results. 



Step 6 : Conduct research

• Collecting research involves conducting your 
experiment and recording your observations. 
Document all of your observations, even the ones 
you may feel are irrelevant. This can help provide 
plenty of data to analyze late

• For example, while conducting their experiment, 
the bakery employees record the participants' 
reactions and comments to the cookie they are 
tasting



Step 7 : Repeat the experiment
• Repeating your experiment can be one of

the most important steps to ensure that
the data you collected is accurate.

• This can account for any unknown
manipulations in the experiment, such as a
small human error or the personal
preferences of the participants.



Two 
functions of 

Experimental 
Design

To determine the 
comparative 

context of 
hypothesis.

Provide 
meaningful 

explanation to 
research findings. 



Elemants in 
Research 
Design



Random 
assignment to 
experimental 
& control 
group



Treatment/Manipulation

The term treatment refers to either 
removing or adding a stimulus in order 

to measure an effect

• Researcher needs to determine a 
suitable set of situation and introduce 
treatment to the subject being studied. 

• Effect of changes in the set situation 
can be observed on the DV 

• The situation set must be appropriate 
to human subject, it does not cause 
permanent change on human subjects. 



Observation

• Carried out to measure the
existence of IV effect on DV

• Measurement system must be
valid and reliable to ensure
empirical data collected as
evidence is valid for acceptance or
rejection of hypothesis.



Pretests and 
Posttests

• a research design in which the same assessment measures are 
given to participants both before and after they have received a 
treatment or been exposed to a condition, with such measures 
used to determine if there are any changes that could be 
attributed to the treatment or condition.



Types of 
experimental 
design



Pre-
Experimental 
Designs



Pre-Experimental Designs

• Pre-Experimental Designs are the
simplest form of experimental
research designs. Pre-experimental
designs have little or no control over
extraneous variables.

• these designs do not randomly
assign subjects to different
treatments.

• As a consequence, the results of a
test using a pre-experimental design
are difficult to interpret.



One shot Case study
• a research design in which a single

group is observed on a single
occasion after experiencing some
event, treatment, or intervention.

• Because there is no control group
against which to make comparisons,
it is a weak design; any changes
noted are merely presumed to have
been caused by the event.



One group pre-test 
post-test design

• With this research design the 
test unit is measured twice, one 
before the test and once after 
the test. There is still no control 
group; which is to say, a group 
not receiving the treatment. 
Here is the standard notation for 
a one-group pre-test - post-test 
study:



Static group Comparison

• With the Static Group design there is a 
Control Group (CG) in addition to the 
Experimental Group (EG). 

• The experimental group is exposed to 
the treatment while the control group 
is not. 



True 
Experimental 
Designs



True Experimental Design

True experimental design is a
statistical approach of
establishing a cause-and-effect
relationship between different
variables. This is one of the most
accurate forms of research
designs which provides a
substantial backing to support
the existence of relationships.

• There is a Control Group,
which won’t be subject to
changes, and an
Experimental Group, which
will experience the changed
variables.

• A variable which can be
manipulated by the
researcher

• Random distribution



Post-Test 
Only Control 

Group 
Design

• With this research design, test units are randomly 
assigned to the experimental and control groups. 

• The experimental group is exposed to the treatment 
and then both the experimental and control groups 
are measured

• there is only one measurement is taken.



Pre-Test -
Post-Test 
Control 
Group 
Design

• With this research design, test units are randomly 
assigned to experimental and control groups. 

• A pre-test measure is taken from both groups.



Solomon Four Group Design

• The Solomon Four Group Design is a 
research design that assesses the impact of 
pretesting on subsequent measures. 

• It is used when the researcher suspects that 
earlier tests influence the results of later 
tests. With this research design, test units 
are randomly allocated to two experimental 
groups and two control groups. 

• One of the experimental groups and one of 
the control groups is measured. Both 
experimental groups are then exposed to a 
treatment. Afterwards, both experimental 
and control groups are measured. A total of 
six measurements are taken. 

• The design aims to account for pre-testing 
bias and pre-test manipulation interaction 
bias.



Quasi 
Experimental 
Design



Quasi Experimental Design
• a quasi-experimental design in which 

the responses of a treatment group 
and a control group are compared on 
measures collected at the beginning 
and end of the research

Advantages
• Greater external validity (more like real 

world conditions)
• Much more feasible given time and 

logistical constraints

Disadvantages:
• Not as many variables controlled (fewer 

causal claims)



nonequivalent groups designs

• Two or more groups, pre test, 
treatment and post test but NO 
random assignment, uses 
existing group. 



Time series • Group is pre tested
repeatedly until score is
stable, receives treatment
and post tested repeatedly
until score is stable

• There is no randomization of
the test units to the
treatments.

• The timing of the treatment
presentation as well as which
test unites are exposed to the
treatment may not be within
the researcher's control



Multiple Time Series

• With the Multiple Time Series, 
the researchers add a control 
group to the research design. 
The addition of a control group 
enhances the researchers' 
ability to discern the treatment 
effect.



Counterbalance Design

Every group is given all treatment in 
different sequence. 

To compare effectiveness of treatment:

Post test score for all groups for first 
treatment is compared to post test 
score for all groups for second 
treatment and compared to post test 
score for all groups for third treatment.  



SUMMARY

DESIGN GROUP PRETEST TREATMENT POSTTEST

Pre experiment 1. One shot case study - - X O

2. One group pretest-post test - O X O

3. Static group comparison - - X1 O

- - X2 O

True experiment 1. Pretest-Posttest Control Group  
Design

R O X1 O

R O X2 O

2. Posttest Only Control Group 
Design

R - X1 O

R - X2 O

3. Solomon Four-Group Design R O X1 O

R O X2 O

R - X3 O

R - X4 O

Quasi-
Experimental

1. Nonequivalent Control Group 
Design

- O X1 O

- O X2 O

2. Time-Series Design - OOOOO X OOOOO

3. Counterbalanced Design X1   O  X2  O  X3   O

X3  O  X1  O  X2   O

X2  O  X3  O  X1   O



Threats to Experimental Validity



Internal Validity

• Internal validity is the extent to 
which you can be confident that a 
cause-and-effect relationship 
established in a study cannot be 
explained by other factors.

• Internal validity makes the 
conclusions of a causal 
relationship credible and 
trustworthy. Without high internal 
validity, an experiment cannot 
demonstrate a causal link 
between two variables.

https://www.scribbr.com/methodology/correlation-vs-causation/




History

• History refers to an event occurs 
between the pre-test and post-test 
that affects one group more than 
the other group (Johnson & 
Christensen, 2014). 

• This kind of threats usually occurs 
when the time between conducting 
treatment s and doing 
measurements is too long. In 
educational experiments, it is 
impossible to have tightly controlled 
environment and monitor all events 



Maturation

• Gay and Airasian (2003) referred natural 
physical, intellectual, and emotional 
changes that occur in the subjects over 
a period as maturation. 

• Maturation threat exist if participants in 
one group become more experienced, 
tired, or bored than participants in the 
other group (Christensen et al., 2014). 

• The best way to control for maturation 
is to include a well selected comparison 
group in the study (Fraenkel, Wallen & 
Hyun, 2012). 



Statistical Regression

• According to Freankel, Wallen and Hyun 
(2012), a regression threat may be present 
whenever change is studied in group that is 
extremely low or high in its pre-intervention 
performance. 

• Regression threat exist if the two groups are 
from different populations, such as the 
experimental treatment  group being from a 
population of individual with low performance 
and the comparison group being from a 
population of individual with high performance 
scores (Christensen et al., 2014). 

• There is a statistical tendency for people who 
score extremely low or high on a test to score 
closer to the middle the next time.



Selection Bias
• Studies can suffer from selection bias 

when people are recruited from a 
specific group that are not representative 
of the whole.

• researchers select a smaller group to 
study, but the chosen set isn't random 
enough and is therefore somehow biased 
in favor of a specific outcome of the 
study.

• Selection bias can also occur when 
certain types of people are more likely to 
want to be involved or are more 
committed to staying in a longer 
experiment.



Experimental Mortality or Attrition

• Mortality or attrition threat exists if the 
dropping out of participants from 
either group produces group 
differences on the post-test scores 
(Christensen et al., 2014). 



John Henry effect

• The John Henry effect refers to the bias 
introduced to an experiment when 
members of the control group are aware 
that they are being compared to the 
experimental group and behave differently 
than they typically would to compensate 
for their perceived disadvantage. This 
alteration renders the control group 
ineffective as a measure of baseline 
performance and skews the results of the 
experiment.



Hawthorne effect:

• The Hawthorne Effect occurs when 
individuals adjust their behaviour as a result 
of being watched or observed. 

• For example, employees may work harder 
and more diligently knowing their manager is 
closely watching, or children behave better 
because their parents are looking on.



Testing

• Testing threat exists if one group of
participants reacts differently to
taking the pre-test (Christensen et
al., 2014).

• Participants may become familiar
with the outcome measures and
remember responses for later
testing. During some experiments,
the outcome is measured more than
one time, such as in pre-test.



Measuring instruments

• Instrumentation threat exists if the nature of the 
dependent variable or the way it is measured 
varies across the non-equivalent groups 
(Christensen et al., 2014). 

• Gay and Airasian (2012) stated that the 
instrumentation threat refers to the unreliability 
or lack of consistency in measuring or calibrating 
instruments that can result in an invalid 
assessment performance.  According to Creswell 
(2014), between the administration of a pre-test 
and a post-test, the instrument may change, 
introducing a potential threat to the internal 
validity of the experiment 



Social interaction

• Participants from different 
groups may compare notes and 
either figure out the aim of the 
study or feel resentful of others



External 
validity



External validity

• External validity refers to as extend up 
to which you can apply conclusions of 
the scientific research in other fields of 
study. In simple words external validity is 
a level up to which research results can 
be generalized across different situations 
and times. 

• it helps the researcher in determining 
whether research Finding is accurate or 
not.

• Threats to external validity are problems 
that threaten our ability to draw correct 
inferences from the sample data to 
other persons, settings, treatment  
variables, and measures (Creswell, 
2014). 






