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Abstract 

There are few resources providing practical guides on how to prepare and run experiments with human 
participants in a laboratory setting at colleges and universities. In our experience, we have found that 
undergraduate students are taught how to design experiments, and how to analyze experimental data in 
courses such as Design of Experiments, Statistics, etc.  On the other hand, the dearth of materials 
available to students regarding either preparing or running experiments has led to a significant gap 
between theory and practice in this area, which is particularly acute outside of psychology departments.  
Consequently, labs frequently must not only impart these skills to students but also address 
misunderstandings arising from this divorce of theory and practice in their formal education.   

We present here a short book that can help students to run experiments effectively and more safely with 
human participants.  In this book, our purpose is to provide hands-on knowledge and actual procedures of 
experiments.  We hope this book will help undergraduates in psychology, engineering, and the sciences to 
run studies with human participants in a laboratory setting.  This will particularly help students who are 
not in large departments, or are running participants in departments that do not have a large or long 
history of experimental studies of human behavior.  

We are generally speaking here from our background running cognitive psychology, cognitive 
ergonomics, and human-computer interaction studies.  Because it is practical advice, we do not cover 
experimental design or data analyses.  This practical advice will be less applicable in more distant areas, 
but may be still of use.  For example, we do not cover how to use complex machinery, such as a fMRI or 
ERP.  We also do not cover field studies or studies that in the US require a full IRB review.  This means 
that we do not cover how to work with unusual populations, such as prisoners, animals, and children, or 
how to take and use measures that include risks to the subjects or to the experimenter (e.g., saliva, blood 
samples, or private information).  

We have addressed this book toward advanced undergraduates and early graduate students starting to run 
experiments without previous experience; but we believe this guide will be useful to anyone who is 
starting to run research studies, training people to run studies, or studying the experimental process.   

When running an experiment, insuring its repeatability is of greatest importance—it is critical to address 
variations in either method or in participant behavior.  Running an experiment in exactly the same way 
regardless of who is conducting it or where (e.g., different research teams or laboratories) is essential.  In 
addition, reducing variance in the participants’ behavior is key to an experiment’s repeatability.  This 
book will help you achieve these requirements, increasing both your comfort and that of the participants 
who participate in your experiments.  
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This book consists of seven sections with eight appendices.  We concisely describe below each section’s 
contents. We hope you find it relevant and useful. 

Section 1, Overview of the Research Process, describes briefly where experiments fit into the research 
process.  If you have taken either an experimental methods course or a research design course, you can 
skip this chapter.  If, on the other hand, you are either a new research assistant, or are working on a 
project in which you are unclear of your role or how to proceed, this chapter may provide some helpful 
context.  

Section 2, Preparation for Running Experiments, describes pertinent topics for preparing to run your 
experiment—such as supplemental reading materials, recruitment of participants, choosing experimental 
measures, and getting Institutional Review Board (IRB) approval for experiments involving participants.  

Section 3, Potential Ethical Problems, describes ethical considerations necessary for safely running 
experiments with human participants—i.e., how to ethically recruit participants, how to handle data 
gathered from participants, how to use that data, and how to report that data.  Being vigilant and aware of 
these topics is a key component to rigorous, as well as ethical, research. 

Section 4, Risks to Validity to Avoid While Running an Experiment, describes risks that can 
invalidate your experimental data.  If you fail to avoid risks, you may obtain either false or uninterruptible 
results from your experiment.  Thus, before starting your study, you should be aware of these risks and 
how to avoid them.  

Section 5, Running a Research Study, describes practical information about what you have to do when 
you run the experiments.  This section will give an example procedure that you can follow.  

Section 6, Concluding a Research Session and Study, describes practical information about what to do 
at the conclusion of each experimental session.   

Section 7, Example Research Studies, describes example experimental studies that give you a brief 
synopsis of procedural steps.  You can indirectly experience a real example of an experiment. We include 
several examples, forms, and checklists as appendices.  These forms will vary by lab and IRB, but 
provide examples of the style and tone.   
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1 Overview of the Research Process 

This chapter describes briefly where experiments fit into the research process.  If you have had an 
experimental methods course or a research design course, you can skip this chapter.  If you are a 
new research assistant, or are working on a project in which you are unclear about how you fit in, 
this chapter may provide some helpful context.  We also define some common terms so that you 
can better communicate with the principal investigator and other members of your research team.   

1.1 Overview  

Here is a list of important topics that form our overview of the research process.  

(1) Establish a hypothesis 

The most common hypothesis is that one factor in the world influences another factor 
that can be measured.  This is the most common hypothesis tested.  To test this 
hypothesis, the first factor, such as time exposed to a stimuli has to be varied, and the 
second factor, such as how long something is remembered, must be measured.   

Sometimes, a hypothesis can simply be that the area is interesting, and that gathering 
data will provide insights.  This is occasionally referred to as a fishing expedition, 
because you do not know what you will catch.  This type of hypothesis is sometimes 
criticized for being too general, but for exploratory work, it can be very successful.  
For example, we suspected that subjects when confronted with a problem would 
choose problem-solving strategies based upon certain key features, but we did not 
know which features factored into the participants’ choices.  So, we included multiple 
types of problems and multiple types of features.  Then, with analysis, we were able to 
pull out which features participants based their decisions upon across a wide range of 
problem types (Reder & Ritter, 1992).   

(2) Set up the experiment 

To investigate what you want to know—to test your established hypothesis, it is 
necessary to draw a picture in your mind about what is needed to achieve your goal.   

For example, suppose that you want to know how students can retain foreign 
vocabulary words in terms of the spacing of learning (i.e., massed or distributed 
practice).  To set up this experiment, an experimenter would need materials for 
displaying the vocabulary words and for recording responses from participants (e.g., 
time or accuracy). 

(3) Pilot study to understand the theory’s edges 

This stage practically helps you to identify what is working, what is not working, and 
what is missing for your successful investigation.  Probably, a theory would explain a 
part of the phenomena.  The theory’s edge indicates a feasible region where the 
phenomena are scientifically explained and understood.  Understanding the theory’s 
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edge is important because you can identify a concrete direction of your research based 
on the understanding of the theory’s edge.   

For example, you might ask friends and colleagues to try a mirror tracing task.  You 
might run people casually, in their offices, and record their times to learn how their 
response times differ by stimuli.  You would not report these results, but use them to 
adjust your apparatus and your stimuli.   

(4) Recruit subjects 

Sometimes, recruiting subjects is easy, and then again sometimes recruiting is hard.  It 
depends on your local circumstances.  If you have access to a subject pool, it is easier.  
If, on the other hand, your study requires particular subjects with particular expertise 
(such as airplane pilots), recruiting is harder.   

This step may be done while piloting and setting up the study if there are few risks to 
preparing the study or if subjects are hard to recruit.  If subjects are easy to recruit and 
the study harder to prepare, it may be done in the opposite order.  

(5) Running subjects 

Running subjects may give you different outcomes than those of your pilot study.  The 
primary cause for these differences is generally due to individual variability—
participants may think or react in unanticipated ways.  Or, you may get different 
results because your study is more formal.  In either case or even the case where there 
are fewer surprises, you are interested in seeing the truth about the world.   

(6) Adjust the experiment 

It may be necessary to adjust the experiment to address problems identified in a 
previous stages, or as a second study.  This process might be repeated, however 
eventually through this process of adjustment, the experiment will stabilize.  

(7) Running a modified study 

After the iteration of adjusting a series of your pilot studies, you would reach an 
experimental design that gives you much more stable and interpretable outcomes.  It 
often seems that the process takes more time than you think, but this process is 
necessary to produce interpretable and repeatable results.   
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(8) Analyze results   

If you have been careful, you have analyzed your pilot data to make sure that the 
output from the study can be analyzed.  Sometimes, timestamps are in the wrong 
format to be read by an analysis program, or are not recorded, or the subject’s name 
has remained attached to a file (rather than their ID).  Checking that the data can be 
put into the analysis software is time well spent before you run participants in a larger 
trial.   

(9) Write a final report 

Take the results and prepare a manuscript:  perhaps in the form of a technical report 
for a sponsor, as a conference paper, journal article, or maybe in a thesis.  There are 
useful books on this area, and we do not address this topic further here.  

Note that these steps are normative; they are what should happen.  In practice, this process often 
runs in parallel, can vary in order (insights do not always come between experiments), and is 
iterative (Boehm & Hansen, 2001).  Furthermore, breakthroughs frequently result from 
interactions between multiple experiments and researchers in a lab.  

1.2 Definition of Terms 

We list a list of terms with their definitions that are frequently used in the process of the research 
study.   

(1) Null hypothesis vs. alternative hypothesis 

The null hypothesis answers that there is nothing (null) going on in the experimental 
investigation—factor 1 has no influence on factor 2, and any correlation you see is just 
noise, a random occurrence.  That is, the significance testing leads you to make a 
decision that there is no other influence.   

The hypothesis is a competing with the null hypothesis and something that researchers 
want to prove to be true through the research process.   

Here are some examples.  One of the major findings by Ebbinghaus (1885/1913) is the 
principle of distributed practice.  This principle holds it is desirable to spread out 
practice rather than massing it together in a session.  That is, a 10-minute practice per 
day for 5 days can provide a better learning and retention rate than a 50-minute 
practice in one day.  Based on this principle, let us construct a research hypothesis.  In 
this case, the null hypothesis would be that there is no statistically significant 
difference in the learning and retention rates between distributed and massed practice 
groups.  The hypothesis would be that a statistically significant difference does exist 
between the two groups, and that the distributed practice group displays higher 
learning and retentions rates than the massed practice group. 

There may be alternative hypotheses as well.  If the study is not well designed or well 
run, it can be that something besides the hypothesis is causing the changes observed.  
For example, if the first 20 subjects to show up are put into one group, and the last 20 
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to show up are put into another group, then the differences between groups might not 
be caused by how they are treated, but by whatever caused them to be in the first or 
last group, such as conscientiousness.   

(2) Significance testing 

Significance testing refers to the process used to determine whether an effect (or 
effects) observed in the experiment is a real effect, rather than just the result of the 
statistical analysis.  In this significance test, you would accept or reject either the null 
hypothesis or the alternative hypothesis.  

(3) Independent variable vs. dependent variable 

For more information, please refer to Section 2.7.1.  

(4) Stimuli 

Stimuli are events that evoke or cause a reaction.  That is, in this context, stimuli are 
events evoking reactions from a subject.   

(5) Reaction time (RT) 

Reaction time is an elapsed time between the presentation of a stimulus and the 
consequent response to that stimulus from the subject.  

(6) Principal Investigator 

A principal investigator is an official point of contact and is responsible for a grant 
contract.  A principal investigator can also take the role of the lead researcher, 
responsible for conducting experiments involving human participants and gathering 
data.   

(7) Lead researcher 

A lead researcher generally indicates a person who is responsible for designing and 
running experiments.  An experimenter actually administers experimental procedures 
to participants and collects data. 

(8) IRB 

IRB stands for an Institutional Review Board, which is a review committee to help 
protect the rights and welfare of human participants in a research study.  An IRB can 
(a) approve/disapprove a research study, (b) modify a research study, (c) conduct 
continuing reviews, (d) observe/verify changes, (e) suspend or terminate approval, and 
(f) observe the consent process and the research procedures.   

Studies in US institutions need IRB approval according to Federal law.  Great review 
boards can do this quickly and help you with your research, pointing out how to be 
more responsible to subjects and how to improve your study (gathering data that is 
interpretable is also a responsibility); good review boards can do this quickly.  They 
will also require your cooperation, and you should look forward to working with them.  
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(9) Informed consent 

Informed consent is a process to (a) provide specific information about the research 
study and its procedures to the participants (or subjects), (b) answer questions to 
ensure the participants understand the research, (c) provide the participants with 
adequate time to consider their decisions, and (d) obtain the voluntary agreement from 
the participants to take part in the research study.   

1.3 Further Readings 

A course in experimental methods is probably the best way to learn about how to design and run 
studies.  In addition, we can provide a list of suggested reading materials that provide you with 
further knowledge about experimental design and methods. We list them in an alphabetical order 
of the first author. 

 
• Bernard, H. R. (2000). Social research methods: Qualitative and quantitative approaches. 

Thousand Oaks, CA: Sage. 

This is a relatively large book.  It covers a wide range of methods, some in more depth than 
others.  It includes some instructions for how to perform the methods.  

 
• Coolican, H. (2006). Introduction to research methods in psychology (3rd ed.). London, 

UK: Hodder Arnold. 
 

• Cozby, P. C. (2004). Methods in behavioral research (8th ed.). New York, NY: McGraw-
Hill. 

 
• Leary, M. R. (2004). Introduction to behavioral research methods (4th ed.). Boston, MA: 

Pearson. 
 

• Martin, D. W. (1995). Doing psychology experiments (4th ed.). Pacific Grove, CA: 
Brooks/Cole Publishing. 

 
• Ray, W. J. (2003). Methods: Toward a science of behavior and experience (7th ed.). 

Belmont, CA: Wadsworth/Thompson Learning. 

This is a book for the first course in experimental methods in psychology.  It is a useful and 
gentle introduction to how to create and run studies and how to present the results.   
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2 Preparation for Running Experiments 

Broadly speaking, scientists and engineers investigate scientific inquiries; and experiments 
constitute one powerful form of investigation.  For many studies, human participation is 
necessary to adequately explore the question.  For instance, evaluating the usability of a haptic 
interface (e.g., a Wii remote) before its introduction to the market would be an example.  The 
question, then, is what considerations should inform the investigator when conducting these kinds 
of research studies. 

In general, scientific inquiries in the areas of human-computer interaction (HCI), human factors, 
cognitive psychology, and cognitive science require the involvement of human participants.  One 
distinguishing factor of these disciplines, and thus experiments in these areas, has been the 
centrality of the human participant.   

Consequently, working in these areas requires not only understanding the theoretical and ethical 
issues incumbent to running human participants but also the practical aspects of the process itself.  
To start to frame this discussion, we provide an overview of this process, and issues related to it. 

Let us again consider a usability study evaluating a haptic interface.  For this investigation, a lead 
research scientist or a lead researcher would establish a study hypothesis and design an 
experiment by first defining: what to measure (dependent variables), what factors to manipulate 
(independent variables), and what environmental conditions to consider.   

There is a lab.  Perhaps in this lab, multiple experiments are going on at the same time.  Joining 
the lab as a new research assistant, you have come to help out and to learn in this area, 
specifically with running research studies.  What do you do?  Where do you start?  How do you 
avoid common and easily fixed problems?   

2.1 Literature in the Area 

This book does not assume that you have a background in statistics or studied experimental 
design, but to help run a study you often do not need to know these areas (but they do help!).  If 
you need help in these areas, there are other materials that will prepare you to design experiments 
and analyze experimental data.  In addition, most graduate programs with concentrations in HCI, 
cognitive science, or human factors engineering feature coursework that will help you become 
proficient in these topics.   

Many introductory courses in statistics, however, focus primarily on introducing the basics of 
ANOVA and regression.  These tools are unsuitable for many studies analyzing human subject 
data where the data is qualitative or sequential.  Care, therefore, must be taken to design an 
experiment that collects the proper kinds of data.  If ANOVA and regression are the only tools at 
your disposal, we recommend that you find a course focusing on the design of experiments 
featuring human participants, as well as the analysis of human data, and that you gather data that 
can be used in a regression because it can be used to make stronger predictions. 

Returning to the topic of readings, it is generally useful to have read in the area in which you are 
running experiments.  This reading will provide you further context for your work, including 



 7 

discussions about methods, types of subjects, and pitfalls you may encounter.  For example, the 
authors of one our favorite studies, an analysis of animal movements, notes that data collection 
had to be suspended after having been chased by elephants!  If there are elephants in your 
domain, it is useful to know about them.  There are, of course, less dramatic problems such as 
common mistakes subjects make, correlations in stimuli, self-selection biases in a subject 
population, power outages, printing problems, or fewer participants than expected.  While there 
are reasons to be blind to the hypothesis being tested by the experiment (that is, you do not know 
what treatment or group the subject is in that you are interacting with, so that you do not 
implicitly or inadvertently coach the subjects to perform in the expected way), if there are 
elephants, good experimenters know about them, and prepared research assistants particularly 
want to know about them!   

As a result, the reading list for any particular experiment is very individualized.  You should talk 
to other experimenters, as well as the lead researcher about what you should read.   

2.2 Choice of a Term: Participants or Subjects 

Disciplines vary as to which term they prefer: subject or participant.  Participant is the newer 
term, and was adopted by many research communities to emphasize the researcher’s ethical 
obligations to those participating in their experiments.  Nevertheless, subject is still commonly 
used, and appears in older research.  For students in many psychology programs, the term, 
participants, is preferred to that of subjects.   The Publication Manual of the American 
Psychological Association (APA), 5th ed. (American Psychological Association, 2001, p. 70) 
suggests replacing the impersonal term, subjects, with the more descriptive term, participants.  
The APA goes on to define participants as individuals:  college students, children, or 
respondents.   

Whether following the APA guideline or not, we should recognize that S, Ss, S’s, E, Es, E’s 
indicate Subject, Subjects, Subject’s, Experimenter, Experimenters, and Experimenter’s in earlier 
research —Fitts’s 1954 study is one example.  Furthermore even within the discipline of 
psychology, opinion can be split.  Roediger (2004) argues against the change to participants 
made in the latest version of the APA’s Publication Manual.  He argues that subjects is both more 
consistent and clearer, noting that the term has been in use since the 1800’s and that it better 
defines the relationships involved.  He argues that the term, participants, fails to adequately 
capture the distinction between the experimenter and those in the study—strictly speaking 
experimenters are participants as well.  We use these terms interchangeably in this document 
because we recognize other research communities may still prefer subjects, and because not all 
psychologists are members of the APA.   

2.3 Recruiting Participants 

Recruiting participants for your experiment can be a time- consuming and potentially difficult 
task, but it is a very important procedure to produce meaningful data.  An experimenter, thus, 
should carefully plan out with the lead researcher (or the principal investigator) to conduct 
successful participants recruitment for the research study.  Ask yourself, “What are the important 
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characteristics that my participants need to have?”  Your choices will be under scrutiny, so having 
a coherent reason for which participants are allowed or disallowed into your study is important. 

First, it is necessary to decide a population of interest from which you would recruit participants.  
For example, if an experimenter wants to measure the learning effect of foreign language 
vocabulary, it is necessary to exclude participants who have prior knowledge of that language.  In 
addition, it may be necessary to consider age, educational background, gender, etc., to correctly 
choose the target population. 

Second, it is necessary to decide how many participants you would recruit.  The size of 
participants can affect your final results.  The more participants you can recruit, the more reliable 
your results will be.  However, limited resources (e.g., time, money, etc.) force an experimenter 
to find the appropriate and reasonable number of participants.  You may need to refer to previous 
studies to get some ideas of the number of participants, or may need to calculate the power of the 
sample size for the research study, if possible (most modern statistical books have a discussion on 
this, and teach you how to do this, e.g., Howell, 2008). 

There are several ways that participants can be recruited.  The simplest way is to use the 
experimenters, themselves.  In simple vision studies, this is often done because the performance 
differences between people in these types of tasks is frequently negligible and knowing the 
hypothesis to be tested does not influence performance. Thus, the results remain generalizable 
even with a small number of participants.   

The next way that subjects can be recruited that we will consider is a sample of convenience.  
Samples of convenience consist of people who are accessible to the researcher.  Many studies use 
this approach, so much so that this is not often mentioned.  Generally for these studies, only the 
sampling size and some salient characteristics are noted that might possibly influence the 
participants’ performance on the task.  These factors might include age, major, sex, education 
level, and factors related to the study, such as nicotine use in a smoking study, or number of math 
courses in a tutoring study.   

In studies using samples of convenience, try distributing an invitation email to a group mailing 
list (e.g., students in the psychology department or an engineering department).  Also, you can 
post recruitment flyers in a student board, or make an advertisement in a student newspaper.  Use 
efficiently all resources and channels that are available to you.   

There are disadvantages to using a sample of convenience.  Perhaps the largest is that the 
resulting sample is less likely to lead to generalizable results.  The subjects you recruit are less 
likely to represent a sample from a larger population.  Students who are subjects are different 
from students who are not subjects.  To name just one feature, they are more likely to take a 
psychology class and end up in a subject pool.  And, the sample itself might have hidden 
variability in it.  The subjects you recruit from one method (an email to them) or from another 
method (poster) may be different, and we know they differ over time, those that come early to 
fulfill a course requirement are more conscientious than those that come late.  So, for sure, 
randomly assign these types of subjects to the conditions in your study.  
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The largest and most carefully organized sampling group is a random sample.  In this case, 
researchers randomly sample a given population by carefully applying sampling methodologies 
meant to ensure statistical validity and equal likelihood of selecting each potential subject.  
Asking students questions at a football game as they go in does not constitute a random sample—
some students do not go (selection bias).  Other methods such as selecting every 10th student 
based on a telephone number or ID introduce their own biases.  For example, some students do 
not have a publicly available phone number, and some subpopulations register early to for their 
ID numbers.  Truly choosing a random sample is difficult, and you should discuss how best to do 
this with your lead researcher. 

2.4 Subject Pools 

One approach for recruiting participants is a subject pool.  Subject pools are generally groups of 
undergraduates who are interested in learning about psychology through participation.  Most 
Psychology departments organize and sponsor subject pools. For more information, refer to the 
next section. 

Subject pools offer a potential source of participants.  You should discuss this as an option with 
your lead researcher, and where appropriate, learn how to fill out the requisite forms.  If the 
students in the study are participating for credit, you need to be particularly careful with recording 
who participated because the students’ participation and the proof of that participation represent 
part of their grade.   

A whole book could be written about subject pools.  Subject pools are arrangements that 
psychology or other departments provide to assist researchers and students.  The department sets 
up a way for experimenters to recruit subjects for studies.  Students taking particular classes are 
either provided credit towards the class requirement or extra credit.   

The theory is that participating in a study provides additional knowledge about how studies are 
run, and provides the participant with additional knowledge about a particular study.  The 
researchers, in turn, receive access to a pool of potential subjects.   

When students do not wish to participate in a study, alternative approaches for obtaining course 
credit are provided.     

2.5 Care, Control, Use, and Maintenance of Apparatus 

What materials do you need to run experiments?  The experiments in a controlled environment 
(e.g., a laboratory) usually require participants to interact with a computer device, a prototype, or 
a mock-up.  For example, it is possible to implement a task environment in a computer screen—
such as an air traffic control task like Argus (Schoelles & Gray, 2001), a driving simulator like 
Distract-R (Salvucci, in press), experimental tasks with E-Prime (e.g., MacWhinney, St. James, 
Schunn, Li, & Schneider, 2001), or a spreadsheet task environment (Kim, Koubek, & Ritter, 
2007).  Part of what you will have to do is to understand the task environment so that you can 
prepare it for each session, save the data if it collects data, and shut it down after each session.  
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As you begin to work on your research task, you are likely to consider several approaches for 
improving your study.  Finding, developing, or modifying the task environment to support your 
study is often an early consideration.  The task environment provides the setting for investigating 
the questions of interest, and having the right task environment is a key element to a successful 
study.  If designing and implementing a new task environment for your research study seems 
infeasible, try reusable and sharable environments.   

After choosing and setting up the task environment, the next step is to determine what method 
you will use to record user performance.  Data collection deserves serious thought, in an attempt 
to provide meaningful results.  Data can be qualitative (i.e., not in a numerical form) or 
quantitative (i.e., in a numerical form).  Different hypothesis and theories require different types 
of data to test them, and thus methods to collect data.  For example, you can use a camcorder in 
an interview to gather qualitative information or a keystroke logger like RUI (Kukreja, 
Stevenson, & Ritter, 2006) to measure numerical values of quantitative data in unobtrusive and 
automatic ways.  We suggest avoiding manually recording data—it is hard, takes a significant 
amount of time, and is prone to error.  Though, sometimes, manual data collection is unavoidable; 
often with a little forethought ways can be found to automate the process.   

An apparatus is often required to gather behavioral data. In cognitive science, recording user 
behavior by using experimental software, a video recorder, a voice recorder, or a 
keystroke/mouse logger, etc are all common practices. There are also tools for generating studies 
such as ePrime.  Also, some studies require using an eye-tracker to gather eye-movement data.  

Experimental software 

Many studies are performed with custom built, or bespoke software.  The research team 
conducting the study usually develops these custom applications; and they can vary from a simple 
program to present stimuli and record reaction times to more complex programs (interactive 
simulations for instance).  As new research assistant, you will be instructed on how to start up and 
run the software necessary for your work.  On the other hand, as you run subjects with such 
programs, try moving from a passive to an active user.  Make any suggestions that you think 
might improve the program’s usability as they arise, note mistakes in the program, and observe 
how subjects interact with the program in novel or interesting ways.  These insights can lead to 
further studies and to further hypotheses to test.  

E-Prime 

E-Prime1 was the first commercial tool designed to generate psychological experiments on a 
personal computer (MacWhinney, St. James, Schunn, Li, & Schneider, 2001).  E-Prime is 
compatible with Microsoft Windows XP/Vista.  PsyScope2 is another experiment generation 
program, and a predecessor of E-Prime.  You can download it free under a GNU General Public 
License3.  PsyScope runs on the Macintosh.  You may be asked to use these tools in your current 
study or may find them to be great value in producing study stimuli more quickly.   

                                                        
1 http://www.pstnet.com/products/e-prime 
2 http://psy.ck.sissa.it 
3 http://www.gnu.org/copyleft/gpl.html 
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Keystroke loggers 

It is often useful to record the user’s behavior while they perform the task, not just the total task 
time.  This can be done in several ways.  Some researchers have used video recordings.  This 
provides a very stable result that can include multiple details. It also can provide a rich context, 
particularly if both the subject and his or her surroundings are recorded.  On the other hand, 
analyzing video recordings is time consuming and can be error prone.  Analyzing video data 
requires examining the video frame-by-frame to find when the user performs each action, and 
then recording each action by hand into your dataset.  

Another approach is to record just the keystrokes or mouse clicks. There are commercial versions 
available from companies like Noldus that will record keystrokes.  We have also designed a 
keystroke logger, RUI (Recording User Input).  RUI is a keystroke and mouse action logger for 
the Windows and Mac OS X platforms (Kukreja, Stevenson, & Ritter, 2006).  It is very useful 
tool for recording user behavior in human-computer interaction studies.  RUI can be used to 
measure response times of participants interacting with a computer interface over time. 

Using RUI, however, does raise issues regarding privacy in public clusters (e.g., a classroom).  
University policies almost universally prohibit installing any tool for experimentation that obtains 
a user’s information on identity such as a login ID or a password (Kim & Ritter, 2007).  
Fortunately, Kim and Ritter (2007) describe one possible portable solution to this problem.  They 
used a simple shell script to automatically run RUI on an external drive, a jump drive.  Because 
RUI is operated from an external drive it provides a way to efficiently use RUI on public cluster 
machines and then remove it when the study is over.    

Eye-trackers 

An eye tracker is a device to measure eye positions and movements.  It can offer useful data of 
cognitive processes when a user interacts with an interface (e.g., a computer screen, a physical 
product, etc).  This device is sensitive, requiring special care to guarantee the measurement’s 
quality.   

2.6  Testing Facility 

A testing facility can be called a psychological testing room, human factors lab, an ergonomics 
lab, a usability lab, or a HCI lab.  Rosson and Carroll (2002) state that a usability lab is a 
specially constructed observation room.  In this observation room, an investigator can simulate a 
task environment and record the behavior of participants.  Thus, the room should be insulated 
from outside influences, particularly noise.  However, it is sometimes necessary to observe and 
record behaviors of a group of participants interacting with each other.  In these cases, it may be 
hard to capture this data in a lab setting.  Ideally, the testing facility should be flexible enough to 
conduct various types of human involved research.  

Jacob Nielson (1994) edited a special issue about usability laboratories.  This special issue 
provides several representative usability laboratories in computer, telecommunications, and 
consumer product companies (e.g., IBM, Symantec, SAP, Phillips, or Microsoft, etc.).  You can 
obtain more details about these facilities from this special issue.  While this special issue is 
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somewhat dated, the underlying concerns and some of the technological details remain accurate, 
in addition many of the social processes and uses for video have only become more important.  

If you are designing your own study, you should try to arrange access to a room that allows 
participants to focus on the experimental task.  Lead researchers will often have such rooms, or 
can arrange access to them.  

2.7 Choice of Measures: Performance, Time, Actions, Errors, Verbal Protocol 
Analysis, and Other Measures 

2.7.1 Types of measures 

There are several types of measures.  Questionnaires are one common and flexible type.  By 
answering the questions, participants self-report about the question, thus providing researchers 
insights into their behavior.  The quality and type of these responses, however, depend upon the 
quality and type of the questions asked—so carefully selected and carefully worded questions are 
important.   

One example where questionnaires can be used effectively is studying self-judgment and it 
effects. Under certain conditions, our feelings about our knowledge and our actual knowledge 
may differ.  In this case, our hypothetical researcher asks participants to make a judgment about 
what they know after memorizing vocabulary words. Using a Likert scale is a common way to 
measure self-judgment.  Likert scales typically consist of five points with questions ranging from 
“Strongly disagree” to “Strongly agree”.  Our hypothetical researcher would then test the 
participants and compares the participants’ responses about their knowledge with the results.  

Other types of measures can include physiological measures.  Cozby (2004) introduces a few 
popular physiological measures such as galvanic skin response (GSR), electromyogram (EMG), 
and electroencephalogram (EEG) that help us understand psychological variables.  Also, fMRI 
(functional magnetic resonance image) is a popular method of measuring and examining brain 
activities.  If you are interested in learning more about these techniques, refer to the section of 
Further Readings, specifically Psychophysiological recording (Stern, Ray, & Quigley, 2001). 

2.7.2 Levels of measurement 

Often within a single study, multiple measures with different characteristics are gathered. For 
instance, you can measure the task completion time; or you can measure the number and the 
times of the keystrokes and mouse actions performed by the participants during the task.  You can 
also measure what errors were made during the task, and so on. Let us discuss some common 
measures taken in an HCI or cognitive science experiment.   

It is necessary to decide what you are observing and measuring from the participants who are 
performing the experimental task.  The decision is important because the choice of measures is 
directly related to what aspects of the participants’ behavior is being captured by the task.  In 
general there are two types of variables: (a) independent variables, and (b) dependent variables.   
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Independent variables cause, or manipulate, the changes in the participants’ behavior that the 
researchers seek to observe during the study.  Thus, independent variables are sometimes called 
manipulated variables, treatment variables, or factors (Keppel & Wickens, 2004).  

To cement our understanding of variables, let us presume that we want to measure how humans 
forget something they have learned.  We will return to this example in more detail in a later 
chapter; but for now, we will focus the study’s independent and dependent variables.  Variables 
that can manipulate forgetting performance include training types, retention intervals (how long a 
participant will retain learned information), or input modalities (what types of skills a participant 
is to learn).  Thus, we would consider these variables the study’s independent variables.  They 
deliberately vary to create the effects, they are independent.  

Dependent variables indicate what we will observe.  Their values are (presumed to be) dependent 
on the situation set up by the independent variables.  Dependent variables can either be directly 
observed or may be derived.   The NASA TLX, for example, allows researchers to derive a 
measure of workload.  We directly measure each of the six individual subscales, but the results 
from the tradeoff questions are derived.  In fact, performance is often a derived measure. That is, 
the dependent variable is affected by the manipulation of the independent variable.  We can 
observe the time that is required to complete a task if the investigation is to understand human 
performance caused by forgetting.  Also, we can observe errors produced by participants to 
measure forgetting.  These variables are considered to be dependent variables.  There can be one 
or more dependent variables.  One dependent variable in an experiment is referred to univariate 
methods, and more than two dependent variables are referred to multivariate methods.   

To sum up, dependent variables are the responses being observed during the study while 
independent variables are those factors that researchers manipulate to either cause or change 
those responses.   

2.7.3  Scales of measurement 

Variables can be basically measured using four scales (Ray, 2003): (a) nominal measurements, 
(b) ordinal measurements, (c) interval measurements, and (d) ratio measurements.  Knowing 
these scales of measurement is important because the data interpretation techniques available to 
you for interpreting the results are a function of the scales of measurement used, and the use of 
such data, perhaps even how it is stored depends on what kind of data it is.   

Nominal (also referred to as categorical) measurements are used to classify or name variables.  
There is no numeric measure of values representing names or separate categories.   For example, 
participants can be classified into two groups—a male group and a female group, to measure 
performance on using a GPS navigation system.  In this case, the gender difference is an 
independent variable to compare performance.  Or, if the numbers 1 to 10 are treated as words, 
such as how often they are said, then there is not necessarily even an order to them, they could be 
sorted alphabetically.   

Ordinal measurements, in contrast, represent some degree of quantitative difference (or relative 
amount).  For example, football rankings in the Big Ten conference are an ordinal measurement, 
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as are ratings on a scale of 1 to 10.  Differences between the first and second team, between 9th 
and 10th, and between ratings of 4 and 5 and 6 and 7 are not necessarily equal, just ordered.   

Interval measurements rely upon a scale values based on a single underlying quantitative 
dimension.  The distance, therefore, between the consecutive scale values are meaningful.  For 
example, the interval between 6 and 12 equals the interval between 12 and 18.  That is, the 
distance between the consecutive values is 6.  

Ratio measurements determine value with respect to an absolute zero—there is no length shorter 
than 0 inches for instance.  The most common ratio measurement can be found in a count 
measure (i.e., the number of hits or misses).  For example, in a shooting game, the number of hits 
is used to determine the firer’s accuracy.   

Frequently, sets of sequential data, or protocols, are gathered from human participants for a given 
task.  Protocols may be multiple streams of data including verbal utterances, motor actions, 
environmental responses, or eye movements (Newell & Simon, 1972).  As an example of a verbal 
protocol, consult the testing methodology developed by Ritter and Larkin (1994) for the 
principled analysis of user behavior.  

Verbal data often provides insights into understanding human behavior. Ericsson and Simon 
(1993) published a summary of how and when to use verbal reports as data to observe humans’ 
internal cognitive processes. The basic assumption of the verbal protocol theory is that 
verbalization of a human’s memory contents (not their view of their thought processes) can be 
used to derive the sequence of thoughts to complete a task. Thus, verbalization can be a valid 
form of data representation that offers us certain unique insights into cognition (see chunking).  
This type of data requires audio recordings, and often comes with special apparatus for recoding 
and special software and tools for analyzing the results. It is time consuming, but can be very 
helpful for understanding how the task is performed.  

2.8 Error Data 

Another type of data to gather is error data.  Error data consists of trials or examples where 
subjects did not perform the experimental task or some aspects of the task correctly.  This type of 
data can provide useful examples of where cognition breaks down.  In addition, it helps describe 
the limits of performance and cognition.  

Error data is generally more expensive to collect because in most cases participants perform the 
task correctly.  Thus, more trials have to be run to gather a hundred errors than it takes to gather a 
hundred correct responses.  If errors are not interesting theoretically for your research study, some 
pilot running of the experiments may be required to generate an experiment where errors do not 
occur too often. 

2.9 Run Analysis with Pilot Data 

Before launching your experimental study, we can highly recommended that you run a pilot 
subjects, gather data from them, and analyze the data.  The number to run can be found with 
experience, or by talking with your PI.  Analysis of pilot data can provide a baseline, or identify 
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problems with the testing techniques or measures used.  Your pilot subjects can be your friends, 
family, or subjects taken from your subject pool. 

If the results from the pilot data are not what you expected, you can revise the design of 
experiments (e.g., change independent variable, change the target task, or add another treatments, 
etc.), keeping in mind that the answer might be that your assumptions are wrong and that using a 
small number of subjects only allows you to see large effects.  Then, you will need to gather more 
pilot data.  If the results from the pilot data match your expectations, plan to launch your 
experiments to gather data.  If not, an interesting new study topic may have emerged. 

2.10 Institutional Review Board (IRB)4 

Investigators in psychology or human factors must obtain approval from the appropriate host 
institutions or organizations prior to conducting research.  The organization charged with 
approving research applications in a university setting is called the Institutional Review Board 
(IRB).  The IRB is a committee monitoring, approving, and reviewing biomedical and behavioral 
research involving humans.  To protect the rights of research participants, universities have 
established an Institutional Review Board (IRB).   

Before the onset of the experiment, investigators must obtain the informed and voluntary consent 
of the participants selected for the study.  The American Psychological Association’s Ethical 
Principles of Psychologists and Code of Conduct5 specifies that participants have the right to 
informed consent—participants have the right to understand what will happen in the study (e.g., 
any known risks of harm, possible benefits, and other details of the experiment).  Only after 
receiving such a briefing, can a participant agree to participate in the experiment.  Thus, the 
details of the experiment should be written in  clear jargon free language, and without any 
reference to special technical terms.  The participants must be able to easily understand the 
informed consent form.  In addition, the form should enable prospective participants to determine, 
for themselves, whether they are willing to participate given his or her situation and personal 
tolerance for risk.  We provide an example of an informed consent form in the Appendix.  

There are a few exceptions that are worth noting, where IRB approval is not required.  If you are 
running yourself and only yourself, you do not need IRB approval.  If you are running studies 
only for class work, programmatic improvement and not for publication, then IRB is not required.  
These exceptions are useful when you are piloting studies, or when you are teaching (or learning).  
Of course, you can in most cases still seek IRB approval in these cases.  The approval process 
offers you the opportunity for feedback on how to make your study more safe and efficient.  
Approval also allows later publication if the results are interesting. 

IRB approval is required before any aspect of the study that will be published is conducted, 
including subject recruitment.   Without exception, IRB approval cannot be granted once the 
study has been conducted.  Consequently, you should seek IRB approval early in the process and 
keep your timeline and participant count as “loose” as possible.  You do not need to seek new 

                                                        
4 This applies to research in the US.  You should enquire locally because some countries do not 
see risk in routine cognitive experimental projects.  
5 http://www.apa.org/ethics/code2002.html 
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approval for enrolling fewer participants than requested or finishing early.  You will, however, 
need to seek approval for running behind or for enrolling a larger number of participants. 

IRB policies are subject to interpretation so when in doubt contact the IRB representative at your 
institution.   

In general IRB reviews fall under two categories, expedited or full review.  Most behavioral 
science studies that do not involve the use of experimental drugs, radiation, or medical procedures 
can be considered for expedited review.  Expedited review does not require full IRB approval, 
and can usually be accomplished within a few weeks (again this will vary by institution).  For all 
other cases, you will need to go through a full review—these are usually scheduled far in advance 
at some specified interval. 

2.11  Further Readings 

We list some reading materials that will help you plan and run experiments, and report results 
from the experiment.   

• Rosson, M. B., & Carroll, J. M. (2002). Usability engineering: Scenario-based development 
of human-computer interaction. San Francisco, CA: Morgan Kaufmann Publishers. 

This book provides comprehensive background of the area of human-computer interaction.  

• Stern, R. M., Ray, W. J., & Quigley, K. S. (2001). Psychophysiological recording (2nd ed.). 
New York, NY: Oxford University Press. 

Psychophysiological Recording is a very useful book for anyone who conducts experiments with 
human participants to measure their psychological or physiological responses.  The book provides 
not only practical information regarding recording techniques but also the scientific contexts of 
the techniques.  

• Nielsen, J. (ed.) (1994). Special issue: Usability laboratories. Behaviour & Information 
Technology, 13(1-2). 

This is a specially edited article concerning usability laboratories.  This special issue provides 
several representative usability laboratories—mostly computer, telecommunications, and 
consumer product companies (e.g., IBM, Symantec, SAP, Phillips, or Microsoft, etc.). 

• Ray, W. J., & Slobounov, S. (2006). Fundamentals of EEG methodology in concussion 
research. In S. M. Slobounov & W. J. Sebastianelli (Eds.), Foundations of sport-related brain 
injuries (pp. 221-240). New York, NY: Springer. 

This book chapter provides you with background for using EEG and its processes, including 
physiological basis and frequency analysis of the EEG.  In addition, Ray and Slobounov explain 
EEG research on motor processes in general and brain trauma.    
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3 Potential Ethical Problems 

There are several topics that you need to keep in mind when running subjects.  Chief among these 
are the ethics pertaining to the running of participants, and the gathering and reporting of data 
including published and unpublished documents.  If you have any questions, you should contact 
the lead researcher (or principal investigator), or other resources at your university.  

3.1 Recruitment of a Broad Selection of Subjects 

The results we find we would like to generalize to a wide population, indeed, the whole 
population.  It is useful to recruit a representative population of subjects to accomplish this.  It has 
been noted by some observers that experimenters do not always recruit from the whole 
population. In some studies, this is a justifiable approach to ensure reliability (for example, using 
a single sex in a hormonal study) or to protect subjects who are at greater risk because of the 
study (for example, non-caffeine users in a caffeine study).   

Where there are not threats to validity, experimenters should take some care to include a 
representative population.  This may mean putting up posters outside your department, and it may 
include paying attention to sex balance and even age balance in a study, and, then correcting the 
balance by recruiting more subjects with these features.  

As the research assistant, you can be the first to notice this, and to bring it to the attention of the 
investigator.   

3.2 Talking with Subjects 

When you first welcome the subjects to your study and the study area, you might feel 
uncomfortable.  After you have run a few sessions, this discomfort will go away.  In a simple 
study, you can be quite natural, as there is nothing to ‘give-away’.  In more complex studies, you 
will be busy setting up the apparatus, and this tends to make things easier.   

In nearly all cases, abstaining from extraneous comment on the study is an important and useful 
practice that makes all parties concerned more comfortable.  Many experimental protocols require 
not giving the subject feedback during the study.  In these cases, you should inform the 
participants at the beginning of the session that you are not allowed to provide them feedback on 
their performance.  Generally, the debriefing can handle most questions, but if you are not sure 
how to answer a question, either find and ask the investigator, or, take contact details from the 
subject and tell them you will get them an answer.  And then, do it!  This also means that when 
you are running subjects for the first couple of times that someone who can answer your 
questions should be available.   

In social psychology studies or where deception is involved, you will be briefed by the 
investigator and will practice before hand.  In this area, practice and taking advice from the main 
investigator is important.   
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3.3 Coercion of Participants 

Coercion is an ethical violation of the rights of human participants.  It is necessary to avoid any 
procedures in a study that restrict participants’ freedom of consent regarding their participation in 
a study.  Some participants, including minors, patients, prisoners, and individuals who are 
cognitively impaired are more vulnerable to coercion.  For example, enticed by the possibility of 
payments, minors might ask to participate in a study.  If, however, they do so without parental 
consent, this is unethical because they are not old enough to give their consent—agreements by a 
minor are not legally binding.  

Students are also vulnerable to exploitation.  The grade economy presents difficulties, particularly 
for course where a lab component is integrated into the curriculum.  In these cases, professors 
must not only offer an experiment relevant to the students’ coursework but also offer alternatives 
to participating in the experiment.   

To address these problems, it is necessary to identify any potential condition that would 
compromise the participants’ freedom of choice.  For instance, in the second example, recall that 
it was necessary for the professor to provide an alternative way to obtain credit.  In addition, this 
means ensuring that no other form of social coercion has influenced the participants’ choice to 
engage in the study.  Teasing, taunts, jokes, inappropriate comments, or implicit quid pro quo 
arrangements are all inappropriate. These interactions can lead to hard feelings (that’s why they 
are ethical problems!), and loss of good will towards experiments in general and you and your lab 
in particular.    

3.4 Sensitive Data 

When preparing to run the study, you should prepare how to deal with sensitive data.  There are at 
least two issues here—data that you anticipate is sensitive and unexpected  data that arises that is 
sensitive.   

Data that is intrinsically sensitive should be handled carefully.  Personal data is the most 
common.  Information on an individual, such as related to race, creed, gender, gender preference, 
religion, friendships, and so on, must be protected.  This data should not be lost or mislaid.  It 
should not be shared with people not working on the project, either formally if you have an IRB 
that requires notice, or informally, if your IRB does not have this provision (this may occur more 
often outside of the US).  You should seek advice from your colleagues about what practices are 
appropriate in your specific context.  In some situations, you are not allowed to take data from the 
building, and in most cases, you are encouraged to back it up and keep the backed-up copy in 
another safe location.   

The second type of sensitive data is data that can arise where the subject’s responses have 
implications outside of the scope of the study.  This can include subjects implicating themselves 
in illegal activity, or unintentionally disclosing an otherwise hidden medical condition.  For 
example, if you are administering caffeine, and you ask the subject what drugs they take (to avoid 
known caffeine agonists or antagonists), you may find information about illegal drug use.  If you 
take subject’s heart rate or blood pressure measurements, you may discover symptoms of 
underlying disease.  
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Generally, preparation for a study should involve discussions about how to handle sensitive data, 
and if there is a chance that the study may reveal sensitive data about the participants.  You 
should fully understand how your institutions policies regarding sensitive data, and how to work 
with the subjects when sensitive information becomes an issue.  If you have questions, you 
should ask the principle investigator.   

3.5 Plagiarism 

Plagiarism refers to taking other’s work or ideas and using them as one’s own, that is, without 
attribution.  Particularly in academia, this problem is taken seriously. 

An individual might be tempted to steal others’ ideas, research methods, or results from 
unpublished or published works.  Nowadays, manuscripts that are about to be submitted or 
already submitted for review, can be available online.    

Why people are tempted to plagiarize others’ work?  Generally, pressure to meet or surpass 
institutional standards causes people to plagiarize.  To pass a programming class, students might 
copy another student’s code.  A faculty member, facing review for tenure and stressed by the 
number of his or her refereed publications, or an RA trying to fill in a methods section all might 
be tempted to steal the work of others.  Sometimes, the pressure to publish, is enough to tempt an 
academic to plagiarize other’s ideas and fabricate their data.   

The integrity and development of scientific knowledge is rooted in the proper attribution of 
credit.  In the APA’s publication manual (p. 349), you can find the APA’s guidelines for giving 
credit.  Direct quotes require quotation marks and citations while paraphrasing or in anyway 
borrowing from the work of others requires a citation.  You may also need to acknowledge people 
who give you unpublished ideas for your research designs.  In particular, you may have personal 
communications (e.g., email, messages from discussion groups on the net, letters, memos, etc.) 
that require acknowledgement.  In this case, you will need to remember who gave you the idea 
(an email thanking them can be a good way to document this), and then cite them in the text with 
a date. 

3.6 Fraud 
We, sometimes, are shocked by news about research fraud.  For example, if a researcher 
fabricates data and publishes a paper with the data, this is fraud.  Other scientists trying to 
replicate the results are often the ones who find and reveal the initial findings to be fraudulent.  
While research fraud is unusual, we, nevertheless, must be aware that fraud can cause significant 
adverse effects on not only for the perpetrator of the fraud but also often second or third parties 
such as his or her academic institution, funding agency, or corresponding journal editor.  Or, 
more distant people who base an educational system on a learning theory, or teaching strategies 
on incorrect data on memory.   
 
If data is lost, it is lost, do not replace it.  If you delete data, do not replace it.  If you did not run a 
subject, do not run yourself.  All of these practices undermine your study’s validity and are 
extremely egregious ethical violations.  It is sad when you read in an article that “data from 3 
subjects were lost”, but it is far better to write this than to commit fraud.  
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3.7 Summary 

This chapter notes a few of the most important ethical problems you might face.  You may 
encounter others.  If you have questions, you should contact the lead investigator or other senior 
personnel.   In some cases, as in many ethical situations, there may not be a right answer, there 
may be several right answers, and often there are better answers and good, accepted practices. 

3.8 Further Readings 

Here is a list of further readings for you concerning this chapter.   

• You should refer to the APA’s webpage, Ethical Principles of Psychologists and Code of 
Conduct.  The first version was published in 1992, but has been superceded by a newer 
release issued in June 2003.  Here is the link for the current code of conduct:  
http://www.apa.org/ethics/code2002.html 

• American Psychological Association. (2001). Publication manual of the American 
Psychological Association. Washington, DC: American Psychological Association. 
 
The APA publication manual provides useful guidance for reporting your experimental 
findings in a written paper.   
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4 Risks to Validity to Avoid While Running an Experiment 

Understanding how subjects will complete the task and working towards uniformity across all 
iterations of the task are important.  The repeatability of the experiment is a necessary condition 
for scientific validity.  There are, however, several well known effects that can affect the 
experimental process.  Chief among these is the experimenter’s effect, or the influence of the 
experimenter’s presence on the participants.  Depending upon the experimental context, the 
experimenter effect can lead to either better or decreased performance.  The magnitude and type 
of effect that can be attributed to this effect generally depends upon the type and extent of 
personal interaction between the participant and experimenter.  Thus, you should strive to provide 
each participant a comfortable but neutral testing experience.  

Besides the experimenter effect, there are other risks to the experimental process.  We hope here 
to not only highlight some but also illustrate how to avoid them, either directly or through proper 
randomization.  Randomization is particularly important because you will most likely be 
responsible for implementing treatments while understanding the other risks will help you take 
steps to minimize them.  Finally, there are other experimental effects that are outside of your 
control—we do not cover these here.  Generally, these effects are associated with some 
idiosyncrasy (usually an event) in the testing environment.  Even though you cannot eliminate all 
contingent events, you can note idiosyncrasies and with the principle investigator either correct or 
report them for future trials.  

Another common source of variation across trials is the effect of the experimental equipment.  
For instance, if you are having subjects interact with a computer or other fixed display, you 
should take modest steps to make sure that the participant’s distance to the display is the same for 
each subject—this does not mean, necessarily, putting up a tape measure, but in some cases, it 
does.  It is necessary to be aware that the viewing distance can affect more blurred vision, 
irritated eyes, headache, and movement of torso and head (e.g., Rempel, Willms, Anshel, 
Jaschinski, & Sheedy, 2007).  The factors of which can, thus, be risks to validity.  Furthermore, if 
subjects are picking up blocks or cards or other objects, the objects should either always be in the 
same positions, or they should be always randomly placed because some layouts of puzzles can 
make the puzzles much easier to solve.  The experimental set up should not be sometimes one and 
sometimes the other.   

There will be other effects where variation in the apparatus can lead to unintended differences, 
and you should take advice locally to learn how to reduce them. 

4.1 Validity Defined: Surface, Internal, and External 

We refer to validity as the degree to which an experiment leads to an intended conclusion from 
the data.  In general, two types of validity, internal validity and external validity, are of interest.  
Internal validity refers to how well experimental treatments explain the outcomes from the 
experiment.  The experimental treatments indicate independent variables that you design.  
External validity, in contrast, refers to how well the outcomes from the experiment explain the 
phenomena outside the designed experiment.  This is known as “generalizability”.  
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Campbell and Stanley (1963) discusses 12 factors that endanger the internal and external validity.  
We need to consider how to reduce or eliminate the effects from these factors to guarantee valid 
results. 

Regarding internal validity, when you run studies you may notice these factors.  Good principle 
investigators will appreciate you bringing them to their attention.  You should not panic, some of 
these are inevitable in some study formats, but if they are unanticipated, then they may be 
interesting or the study may need to be modified to avoid them.  

• History: Besides the experimental variable, a specific event could occur between the first 
and second measurement.  Typically, this is some news item such as a space launch or a 
disaster that influences subjects in a global way leading to better or worse results than 
would occur at other times. 

• Maturation: Participants can grow older, become hungrier, or become more tired with the 
passage of the time.  Thus, if you measure students at the beginning of the school year 
and then months later, they may get better scores based on having taken classes.   

• Testing: The effects of taking a test on the scores of a second test.  Thus, if you take an 
IQ test, the same test, a second time.  You are likely to score better, particularly if you got 
feedback from the first taking.  

• Instrumentation: It is required to calibrate a measuring instrument regularly.  Some 
instruments need to be recalibrated with changes in humidity. Failure to recalibrate can 
affect an experiment’s results.  

• Statistical regression: We need to avoid selecting groups on the basis of their extreme 
scores.  If you select subjects based on a high score, some of those high scores will most 
likely not reflect the participant’s normal performance.  

• Biases: Differential selection of participants for the comparison groups should be 
avoided.  Subjects that come early in the semester to get paid or credit are different from 
the subjects who put it off until the last week of the semester.   
• Experimental mortality: There could be a differential loss of participants from the 

comparison groups.  Some conditions could be hard on the subjects, and thus lead them 
to come back less.  

• Selection-maturation interaction: Given that there are two groups.  Participants in one 
group develop faster than participants in the other group.  In this case, selecting one of 
two groups that are maturing at different rates concerning the outcome can cause the 
posttest differences.  This factor is an interaction effect that can exist between the 
subject-related variable (e.g., age) and a time-related variable.   

Regarding external validity, you can also notice these sometimes.  

• The reactive or interaction effect of testing: A pretest could affect (increase or decrease) 
the participants’ sensitivity or responsiveness to the experimental variable.  Some pre-
tests disclose what the study is designed to study.  If the pre-test asks about time spent 
studying math and playing math games, you can bet that mathematical reasoning is being 
studied in the experiment.  

• The interaction effects of selection biases and the experimental variable: It is necessary to 
acknowledge that independent variables can interact with subjects that were selected 
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from a population.  In this case, the outcome or findings from the experiment may not be 
generalized to summarize a larger population.   

• Reactive effects of experimental arrangements: An experimental situation itself can affect 
the outcome that cannot be generalized.  That is, the outcome can be a reaction from the 
specific experimental situation.   

• Multiple-treatment interference: If multiple-treatments should be applied to the same 
participant, the participant’s performance would then not be valid because of the 
accumulated effects from those multiple treatments.  For example, if you have learned 
sample material one way, it is hard to tell if later learning is the result of the new learning 
method presented second, or the result of the first method, or the combination of the two.  

 
Why mention these in a book on how to run subjects?  Why not just let these be mentioned in 
experimental design?  We mention them here because if you are new RA, you may not have had 
an experimental design class.  And yet, many of these effects will only be or mostly be visible to 
the person running the study.  If there is an event in a country where you are running subjects like 
an election, and you will be comparing results to a different country where the PI is located, it is 
the RA that has the best chance of noticing that something unusual that is a threat to validity has 
happened in the study, whereas every one can notice the global result.    

4.2 Risks to Validity 

4.2.1 Power: How many participants? 

Performance is noisy.  Differences that appear could be due to a theoretical manipulation, or it 
could be due to chance.  We now discuss the power of a statistical test, and how a test’s power 
can influence its effectiveness.  Calculating the test’s power can help maximize the benefits of a 
set of experimental runs by helping you decide how many subjects to run.  For instance while 
relatively rare, running too many subjects can be wasteful when the effect size is known to be 
large.  There are other issues that investigators need to consider, such as participants’ effects or 
experimenters’ effects.  We will take these issues up in the following section. 

Testing a hypothesis produces two outcomes: (a) one outcome can be rejecting the null 
hypothesis (

! 

H0 ), while the other outcome (b) can be not rejecting the null hypothesis—that is 
accepting the alternative hypothesis (

! 

Ha ).  When investigators decide to either accept or reject 
the alternative hypothesis, they can make two types of errors, known as Type I and Type II errors.  
Table 2.1 describes these errors.  
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Table 2.1. Type I and II error in testing the null (

! 

H0 ) and experimental (

! 

Ha ) hypotheses. 

 True State 

Decision Made 

! 

H0  is true 

! 

Ha  is true 

Reject 

! 

H0  
Type I error 

(report a result,  
but no effect) 

Correct decision 

Fail to reject 

! 

H0  Correct decision 
Type II error 

(report no result,  
but there is an effect) 

 

In fact, if the null hypothesis (

! 

H0 ) is true, investigators should fail to reject the null hypothesis.  
When the null hypothesis is incorrectly rejected the null hypothesis, Type I errors occur.  The 
probability of making a Type I error is denoted by 

! 

" .  On the other hand, if the alternative 
hypothesis (

! 

Ha ) is true, in fact, investigators should accept the alternative hypothesis.  When the 
alternative hypothesis is incorrectly rejected, Type II errors occur.  The probability of making a 
Type II error is denoted by 

! 

" .   

The Power of a test is defined as the probability of correctly rejecting the null hypothesis (

! 

H0 ) 
when it is in fact true—this is denoted by 

! 

1"# .  In a practical sense, via the calculation of the 
Power, investigators are able to make a statically supported argument that there is a statically 
significant difference when such a difference truly exists.  

4.2.2 Experimenter effects 

When two or more experimenters are running the same experiment, effects or biases from 
experimenters can exist.  Prevent possible experimenter effects is necessary for guaranteeing the 
validity of the experiment.  Mitchell and Jolley (2007) state reasonable causes for error that 
investigators should avoid: (a) the loose-protocol effect, (b) the failure-to-follow-protocol effect, 
and (c) the researcher-expectancy effect.   

First, to avoid the loose-protocol effect, when you run the experiment by different experimenters, 
it is necessary to write a document that describes the procedures in detail and specifies exactly 
when to use each with each subject.  The protocol document should allow other experimenters to 
run the experiment in exactly the same way, providing a standardized way to run the trials.  Once 
you finished a draft of the protocol document, you should test it with practice participants.  
Producing the final protocol document will require a few iterations of writing and then testing the 
protocols with practice participants.  

The second cause of error results from an experimenter’s failure to follow the experiment’s 
protocols.  There might be several reasons for not following the protocol—the reasons can 
include a lack of motivation to follow the protocol, or ignorance of the protocol, etc.   
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The third cause for error arises from the influence of the experimenter’s expectations upon his or 
her interactions with the participants.  For instance, I might be biased (consciously or 
unconsciously) in how I run the experiment if I know I am testing my hypothesis.  After all, I 
have a personal incentive to reject the null hypothesis in this case.  Therefore, it is preferable 
when possible that the experimenters interacting with the subjects be unaware of the hypothesis 
being tested.  When this happens, it is called a double-blind study (American Psychological 
Association, 2001).  An example would be when the RA does not know which amount of caffeine 
a subject received, or what condition the subject is in.    

Following consistent written protocols in and unrushed manner is one way to avoid many of these 
errors. Please be patient and give the participants enough time to complete each procedure to best 
of their ability.   

4.2.3 Participant effects 

Participant responses and personal characteristics can also invalidate experimental results.  
Measurement strategies are one common cause of error.  Obtrusive measurements affect 
participant performance, thus invalidating the results.  Suppose for example that a participant is 
working on a task on a computer screen.  The participant is told that the task completion time is 
measured.  A running stopwatch is placed beside the participant.  In this case, the means of 
measuring the task completion time is not appropriate because of obtrusiveness of the stopwatch.  
Thus, it is generally recommend that measuring participants’ performance should be conducted in 
unobtrusive ways. 

Because personal characteristics and histories influence performance, it is important to try to 
methodically achieve a representative sample when selecting participants.  Factors such as 
ethnicity, gender, age, experience, native language, or working memory capacity, etc can all 
affect performance.  Random assignment of subjects to conditions generally helps mitigate this 
effect.  Random assignment, however, can go wrong (or be done incorrectly), or result in a 
suboptimal distribution.  RAs often are the earliest, best, and often the only way to discover these 
problems. 

4.2.4 Randomization 

Randomization describes the process of randomly determining both the allocation of the 
experimental material and the order in which individual trials are to be performed (Montgomery, 
2001).  Random sampling is a method for selecting the entire sample group.  Ray (2003) states 
that one way to achieve external validity is to have the participants in the experiment constitute a 
representative sample of the entire population.  In fact, it is very hard to accomplish random 
sampling.  After randomly selecting your participants from the population, you should randomly 
assign them to their experimental groups.   

Statistical methods require that the observations should be independently distributed random 
variables. Proper randomization of the experiment makes the assumption that the independent 
distribution of observed data is valid and allows us to statistically analyze the behavioral data. 
Randomization also can be useful to alleviate bias of selecting participants. 
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In some situations, Montgomery (2001) states that it is difficult to randomize the experiment 
because of a hard-to-change variable (e.g., temperature in a chemical process, subject’s gender).  

4.3 Example Problems 

We can note a few problems that arose with lessons they provide. 

One study found that the subjects behaved unexpectedly.  The subjects had less problems than 
was expected.  Upon further investigation, it turned out that the student research assistants were 
breaking up the lessons into subparts to facilitate learning.  This is one example that should be 
avoided to increase validity of research studies by eliminating lesson effects through instruction 
(e.g., VanLehn, 2007).  

4.4 Further Readings 

Here is a list of further reading materials concerning this chapter. 

Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155-159. 
Cohen, J. (1992). Statistical power analysis. Current Directions in Psychological Science, 1(98-
101). 

Cohen originated the current measure of power. 

Howell, D. C. (2007). Statistical methods for psychology (6th ed.). Belmont, CA: Thomson. 

Howell’s book provides a useful summary of how to apply power written for those learning 
statistics.  Other introductory statistics book will have similar treatments.  They are useful 
introductions to this process.  
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5 Running a Research Study 

This chapter provides practical information on what to do when you run your experiments.  We 
assume that you have developed your initial experimental design and are now ready to run a pilot 
study.   

5.1 Script 

Your research study will likely have a script of how to run the session.  If it does not, it should, 
and it will help you run each subject in a consistent manner.  The script will often start with how 
to setup the apparatus.  Before the subject’s arrival, the experimenter needs to setup the apparatus 
and should be ready to welcome the subject.  Incorrect or inconsistently applied procedures of the 
apparatus setup can sometimes cause inconsistency of the study-running processes (e.g., omission 
of a step).  Consequently, the script that appropriately represents required procedures could play 
an important role to conduct a successful experimental study.  Appendix D provides an example 
script of how to run a study.   

5.2 Piloting 

As mentioned before, conducting a pilot study based on the script of the research study is 
important.  Piloting can help you determine whether your experimental design will successfully 
produce scientifically plausible answers to your inquiries.  If any revision is necessary, it is far 
better to find it and correct it before running multiple subjects, particularly when access to 
subjects is limited.   It is, therefore, helpful to think of designing experiments as an iterative 
process characterized by a cycle of design, testing, and redesign.  In addition, you are likely to 
find that this process works in parallel with other experiments, and may be informed by them 
(e.g., lessons learned from ongoing related lab work).   

We also highly recommend that you use pilot studies to test your written protocols (e.g., 
instructions for experimenters).  The pilot phase provides experimenters the opportunity to test 
the written protocols with practice participants, and are important for ironing out 
misunderstandings, discovering problematic features of the testing equipment, and identifying 
other conditions that might influence the participants.  Revisions are a normal part of the process; 
please do not hesitate to revise your protocols.  This will save time later. 

It is also useful at this stage to write the method section of your paper.  Not only is your memory 
much fresher but also you can show other researchers your method section and receive 
suggestions from them.  These suggestions can save you a lot of time, in that these reviews 
essentially constitute another way of piloting the study.  

5.3 Dress Code for Experimenters 

You should consider the impression you wish to make and will make when running your 
experiment.  This consideration should include how your position, the type of experiment, and the 
type of participants you are interacting will influence the experiment.  
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In most cases, we recommend wearing a somewhat formal (or perhaps called business casual) 
clothing: a dress shirt with dress slacks, when running experiments.  This helps you look 
professional and prepared but not intimidating.  Somewhat formal dress helps convey the 
experiment’s importance while not overwhelming the participant.  Encouraging your subjects to 
take the experiment seriously should lead to more distinctive but still generalizable effects.   

5.4 Welcome 

As the experimenter you are taking on a role similar to that of a host, thus, it is appropriate to 
welcome participants to the study.  Where it is appropriate, you might provide them materials to 
read if they have to wait, and to answer questions they have before the study begins.  It is also 
very appropriate to confirm their names (for class credit), and to confirm for them that they are in 
the right place and at the right time.  If the experimental protocol permits it, you might also 
indicate how long the study will take.  This helps set the stage for the study itself.   

5.5 Missing Subjects 

In every study, there are two key parties—the experimenter and the subject or subjects.  
Inevitably, you will encounter a situation where a participant does not show up despite having an 
appointment.  While participants should notify you in advance if they are going to be absent, keep 
in mind that missed appointments do happen, and plan around this eventuality. Participants are 
volunteers (even when you consider compensation).  Therefore, it is appropriate to be gracious 
about their absence.  Where possible, we recommend offering to reschedule once.  When there 
are repeated absences, it is often not worth rescheduling. 

In some cases, you as an experimenter may need to cancel an experiment.  As an experimenter, it 
is not acceptable to simply not show up for an experiment.  When you really have to cancel the 
experiment for any reason, you should do it in advance.  Furthermore as the experimenter, you 
have the responsibility to cancel the experiment by directly contacting the participants.   

5.6 Decorum 

Be culturally sensitive and respectful to the participants.  Consult with the lead investigator if you 
have general questions concerning lab etiquette, or specific questions related to the study.   

5.7 Debriefing 

The APA’s ethical principles offer a general outline of debriefing procedures.  For many 
experiments, the lead researcher may provide additional guidance.  Investigators should ensure 
that participants acquire appropriate information about the experiment and the user study—such 
as the nature, results, and conclusions of the research.  If participants are misinformed on any of 
these points, investigators must take time to correct these misunderstandings.  Also, if any 
procedures are found to harm a participant, the research team must take reasonable steps to 
alleviate that harm. 

The experiment’s procedures may cause participants to feel uncomfortable or be alarmed.  After 
the experiment is finished, investigators or experimenters should listen to the participants’ 
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concerns and try to address these problems.  Mitchell and Jolley (2007) provide reasonable steps 
to follow when you need to debrief:  

• Correct any misconceptions that participants may have. 
• Give a summary of the study without using technical terms and jargon. 
• Provide participants an opportunity to ask any questions that they might have. 
• Express thankfulness to the participant. 

When you have a study that can be perceived as being deceptive or when the study is a double-
blind study, you should seek advice about how to debrief the participants.  If deception is a 
procedural component, you will most likely have to explain this to the subjects, and ask that they 
not discuss the study until the study’s completion date.  Requesting the participants to refrain 
from discussing the study will help keep potential subjects from being biased.   

To review, double-blind studies prescribe that neither the subject nor the experimenter knows 
which treatment the subject has received.  For example, the amount of caffeine any single 
participant has ingested in a caffeine study with multiple possible doses.  In these cases, you will 
have to explain the procedures of the study, as well as provide a general rational for double-blind 
trials.  Otherwise, participants may balk at being given a treatment in a sealed envelope, or by a 
person who is not the experimenter.  Furthermore, events such as the Tuskegee and Holmes 
Prison experiments underscore why procedural transparency is so essential. 

5.8 Payments and Wrap-up 

At the end of the session, you should be sure to compensate the subject as specified by the 
disclosure agreement.  Compensation can include monetary payment, credit towards a class, or 
nothing.  If you are paying them monetarily, check with your supervisor, as there are nearly 
always detailed instructions for how to process such payments.  In any case, you should make 
sure that they receive their compensation; you receive any required documentation such as 
receipts; and that you thank each participant for their assistance.  Without them after all, you 
cannot run the study.  

5.9 Simulator Studies 

You may find yourself running simulated subjects.  User models and simulations are increasingly 
used, both as standalone objects, but sometimes as part of a study to provide a social context.  For 
example, to model a social situation you might have two intelligent agents act as confederates in a 
resource allocation game (Nerb, Spada, & Ernst, 1997). These agents provide a known social 
context in that their behavior is known and can be repeated, either exactly or according to a 
known set of knowledge.   

When you run simulations as subjects, you should keep good notes.  There are often differences 
between the various versions of any simulation, and this should be noted.  Simulations will also 
produce logs, and these logs should be stored as securely and as accurately as subject logs.  There 
may be more of them, so annotating them is very prudent.   
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5.10 Problems and How to Deal with Them 

When you run an experiment, you can encounter unexpected situations in which a participant is 
exposed to some risk of harm.  Investigators must be committed to resolving these problems 
ethically; recognizing that the well-being of the participants supercedes the value of the study.  
We recommend consulting your host organization (i.e., Office for Research Protection) in the 
event that you encounter problems that hinder conducting experiments by affecting either the 
experimenters or participants.  Where these events are adverse enough, you are required to report 
these events to the IRB board.  

5.11 Example Problems 

We can note a few problems that we have encountered and some lessons learned. 

In one study, we could not run a few subjects because they could not find the room in which we 
were conducting the experiments.  A locked hallway entry door and no escort prevented the 
participants from finding the room.  Ostensibly, the pilot study would have identified this 
problem; however, only intra-departmental personnel participated in the pilot study.  
Consequently, the need for an escort was not identified until the first experimental runs.  This 
example highlights the importance of knowing your participant and their needs, as well as the 
limitations of internal pilot studies.   

In another study, a colleague lost valuable data because of a hard drive failure.  Spending years 
gathering data on children, he had not backed up his data.  When his hard drive crashed, he was 
given the choice to spend an extra year rerunning subjects (if support was available), or go to 
industry.  He went to industry where sadly he was very happy! 
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6 Concluding a Research Session and Study 

This section explains practical information about what you should do when you get done with 
your experiment.   

6.1 Data Care, Security, and Privacy 

All information and data gathered from an experiment should be considered confidential.  If 
others who are not associated with the experiment have access to either data or personal 
information, the participants’ privacy is violated.  Thus, it is the responsibility of lead researchers 
and experimenters to ensure that all security assurance procedures are promulgated and enforced.  

Researchers must safeguard against the inappropriate sharing of sensitive information.  Personal 
information about the participants must not be shared with people not associated with the study.  
Thus, the data should not be left untended.  In most studies, experimental data are kept in locked 
files or on secure computers.  The level of security may vary with the type of data.  Anonymous 
reaction time data, where the only identifying information is a subject ID, is low risk.  Personal 
health records where the subjects might be identified are much more sensitive, and would require 
more cautious storage, perhaps being used only on a removable disk. 

6.2 Data Backup 

To protect against data loss, back up all of your data routinely (after running a subject, and every 
10 days at minimum when you are doing analyses of the data).  If your data is stored in electronic 
files, store them in a secure hard drive or burn them onto a CD.  If you are using paper 
documents, they can be scanned and stored on a computer file as back up.  We suggest that you 
back up your data after each subject rather than weekly while conducting a study.  

6.3 Chance for Insights 

Gathering data directly can be tedious, but it can also be very useful.  Gathering data gives you a 
chance to obtain insights about aspects of behavior that are not usually recorded, such as the 
user’s affect, their posture, and their emotional responses to the task.   

Obtaining these kinds of insights and the intuition that follows from these experiences is 
important for everyone, but gathering data is particularly important for young scientists.  It gives 
them a chance to see how previous data has been collected, and how studies work.  Reading will 
not provide you this background or the insights associated with it, rather this knowledge only 
comes from observing the similarities and differences that arise across multiple subjects in an 
experiment. 

So, be engaged as you run your study and then perform the analysis.  These experiences can be a 
source for later ideas, even if you are doing what appears to be a mundane task.  In addition, 
being vigilant can reduce the number and severity of problems that you and the lead investigator 
will encounter.  Often, these problems may be due to changes in the instrument, or changes due to 
external events.  For example, current events may change word frequencies for a study on 
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reading.  Currently, words such as bank, stocks, and mortgagees are very common, whereas these 
words were less prevalent three or four years ago.   
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7 Example Research Studies 

We present example studies.  In these examples, we show how to plan and prepare to run 
experiments with human participants.  This section can help you obtain practical information for 
your own study.  

7.1 Skill Retention Study 

We draw our example from a study investigating the learning and forgetting performance of 
human participants across a set of procedural tasks—the Office of Naval Research sponsored this 
work.  We present here specific procedures pertaining to the planning and running of the study.   

Creation of Study Paradigm:  We created a study paradigm to investigate how people forget what 
they have learned in a laboratory setting.  For this study paradigm, we had to create a task that 
was novel enough to measure learning effects from participants (Kim, 2008).  Thus, we chose a 
free spreadsheet called Dismal (Ritter & Wood, 2005) so that we could minimize any factors that 
would decrease the data’s validity.  That is, the task of working with a spreadsheet was familiar to 
the learners, but the Dismal spreadsheet has not been used by many people.  We also needed a 
tool to unobtrusively record the participant while he or she was performing the task; we chose 
RUI for this purpose.  We then designed the experiment— the study uses a repeated measures 
design to allow multiple measures of learning and forgetting from each participant.   

Here is a list of items that you can use to develop your own study.  

• A task 

• A task environment 

• A tool to record behavior 

 The First Pilot Test:  We tested the study with a couple of pilot subjects.  In the first pilot study, 
we had two male participants.  We observed that participants had difficulty in learning the task.   

Revising the Task Design:  We decided to reduce the cognitive load of the target task so that we 
could measure learning effects in a restricted time.  We reduced the task difficulty so that most of 
the learning was of the interface and not of the math in the task.  

The Second Pilot Test:  For the second pilot test, we had a female and a male participant who had 
no prior knowledge of the task.  The task completion times for each were consistent with previous 
studies.  In addition, the participants showed some forgetting over time, which was what we were 
studying.  We concluded that the revised design was satisfactory.  In some cases, it might be 
necessary to iteratively revise the study design further.   

Getting IRB Approval:  We prepared documents to receive IRB approval.  To do this, we needed 
to provide detailed protocols specifying how we would run the experiments, as well as detailed 
methods for how we intended to recruit participants.   

Start Running Experiments:  After getting IRB approval, we started running the main experiment.   
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In addition to these sequential steps, we would like to share with you some practical information 
pertaining to the IRB process.  When you prepare documents for the IRB, the forms will require 
you to address the following items. We also include the responses for the learning and retention 
study.  

(a) The benefits of the study: 
From your participation, it is expected to obtain data representing how much knowledge 
and skills can be retained in the memory over time. This research can contribute to design 
a novel training program.  

(b) Any known risks to the participant:  
There is no risk to your physical or mental health.  During the experiment, you can take a 
break at any time. 

(c) How to achieve the participant’s privacy: 
Your participation and data are entirely confidential. Personal identification numbers 
(e.g., PSU ID) will be destroyed after gathering and sorting the experimental data. 
Without personal identification, the gathered data will be analyzed and used for 
dissertation and journal publications. The following may review and copy records related 
to this research:  The Office of Human Research Protections in the U.S. Department of 
Health and Human Services, the Social Science Institutional Review Board, and the PSU 
Office for Research Protections. 

(d) Voluntary participation: 
The participation of this study is purely based on volunteerism. You can refuse to answer 
any questions. At any time, you can stop and decline to continue the experiment. There is 
no penalty or loss of benefits if you refuse to participate or stop at any time. 

(e) Compensation from the experiment: 
Participants will receive monetary compensation of $25, $30, or $35 based on your total 
number of sessions, or extra credits (students registered in IST 331). The experiment 
consists of 5 to 7 trials ($5 per trial). The compensation will be given as one lump sum 
after all trials. For the amount of $30 and $35, participants will receive a check issued by 
Penn State. Others will receive $25 cash. Total research payments within one calendar 
year that exceed $600 will require the University to annually report these payments to the 
IRS.  This may require you to claim the compensation that you receive for participation 
in this study as taxable income.  For students in IST 331, you will receive 3% added to 
the total grade in the course. If you do not wish to take part in the research, you may earn 
the extra credit by completing the following: 

 
• Choose a task to measure your learning and forgetting performance 
• Gather your learning and forgetting data for 4 hours of study and test and 1 retention 
• Analyze the data to show the total task time per study session and test session 

 

One thing that we want to note here is that investigators should neither implicitly or explicitly 
force participants to participate in the experiment. As noted above, researchers recruiting students 
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who are enrolled in their classes must be particularly mindful of how they frame student 
participation in a study.  When investigator use academic credits (extra or otherwise) for 
compensation, a balanced alternative must be made available.   
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8 Afterword 

There are a many books available about research methods and related statistical analyses.  We, 
however, realized that students usually do not have a chance to learn how to run their own 
experiments, and that there are no books that teach students practical information about running 
experiments with human participants. 

Students charged with running experiments frequently lack specific domain knowledge in this 
area.  Consequently, young researchers chronically make preventable mistakes.  With this book, 
we hope to assist students as they begin to obtain hands-on knowledge about running 
experiments.  The topics and guidance contained in this book arise from the authors’ collective 
experience in both running experiments and mentoring students.  

Further methods of gathering data are being developed.  Though these changes will impact the 
development of future experimental procedures, the gross structures of a study and the aspects we 
have discussed here are not likely to change.   

As you venture into research, you will find new topics that will interest you.  We are not able to 
examine all populations or touch upon measurements and tools that require additional training in 
this text.  Consequently, we are not able to cover in detail the collection of biological specimens, 
eye-tracking, or fMRI; however with further reading and consultation with colleagues, you will 
be able to master these skills.   

Running studies is often exciting work, and it helps us understand how people think and behave.  
It offers a chance to improve our understanding in this area.  We wish you good luck, bonne 
chance in finding new scientific results.   
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Appendix A:  Glossary 
 
Independent variable A variable that is manipulated in the study, either by assignment of 

materials or assignment of subjects.   

Dependent variable A measurement that is taken during the study, such as reaction 
time, or percent correct.  It depends on other things.  

Pilot study An abbreviated version of the study done to test the procedure and 
prepare for a larger study.   

Power The power in an experimental study indicates the probability that 
the test (or experiment) will reject a false null hypothesis.  Failure 
to reject the null hypothesis when the alternative hypothesis is true 
is referred to as a Type II error.  Thus, as the power of a study 
increases, the chances of a Type II error decrease.  
 

IRB Internal Review Board.  They review study proposals to ensure 
safety and compliance with US federal regulations.  

Informed consent form  

Null hypothesis The hypothesis that the treatment DOES NOT lead to differences.  
For example, the null hypothesis might be that two interfaces are 
equally easy to use.   
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Appendix B:  A Checklist for Setting-up Experiments 

As an experimenter or a principal investigator for your project, you need to complete the items 
below to set up experiments to run.   

 

 Prepare for the IRB form and submit it to office of research protection 

 Run pilot tests to make sure your experimental design 

 Advertise your experiment to recruit participants (e.g., flyer, a student newspaper) 

 Schedule your participants for an experiment 

 Make sure a lab for the experiment available when you need to run 

 Prepare how to debrief 
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Appendix C:  A Overview of Steps for Running Experiments 

As an experimenter or an investigator, you need to consider the items such as those listed below 
to run your actual experiments. 

 

 Recruit participants for the experiment  

 Pilot the study 

 
Explain detailed information about the experiment (e.g., risks, benefits, and the purpose of 
the experiment) 

 Let participants know they can stop participation and performance at any time 

 Protect the participant’s confidentiality  

  

 
Be ready to address any harms or risks from the experiment by talking with the lead 
investigator 

  

 Make sure ethical codes by APA are being considered 

 Archive the data 

 Analyse data 

 Report data 
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Appendix D:  Example Script to Run an Experiment 
 This is one page script that every experiment should read and follow.  
 
Experimenter’s Guide 

This is an example script for an experiment.  Every experimenter should follow the procedures to run a user 
study about skill retention.   

(1) Check your dress code 
(2) Before your participants are coming in, you need to set up a set of the experiment apparatus.  

a) Start RUI in the Terminal Window. (see details ..) 
b) Start the Emacs text editor. 
c) Prepare disposable materials, handouts, such as informed consent form 

(3) Welcome your participants 
(4) Put a sign on the door indicating that you are running subjects when the experiment starts  
(5) Give the IRB form and have them read it 
(6) If they consent to it, start the experiment 
(7) Briefly explain what they are going to do 
(8) Give them the study booklet. 

a) Participants can use 30 min maximum to study the booklet.  
(9) While participants are reading the booklet, you can answer their questions about the task.  
(10) Turn on the monitor that is located in the experimental room, so that you can monitor the participant 

outside the room.  
(11) When the experiment is finished, give an explanation about the payments or extra credit.  Also, if 

there are any additional schedules for later measures, remind them.  
(12) Take down the sign on the door when the experiment is done 

(13) Copy the data to external hard drive 

(14) Shut down apparatus 

(15) Make supplies for next subject 
 
 
Using RUI 

RUI (Recording User Input) will be used to log keystrokes and mouse actions of the participant. RUI 
requires Mac OS X 10.3 (Panther) or later versions.  It has been tested up to Mac OS X 10.4.3. (Tiger).  In 
order for RUI to record user inputs, “Enable access for assistive devices” must be enabled in the Universal 
Access preference pane.  

(1) Launch Terminal 
(2) In Terminal, type the below information: 

./rui –s “Subject Name” –r ~/Desktop/ruioutput.txt 
(3) You will get this message: 

rui: standing by – press ctrl+r to start recording… 
(4) Press “CTRL+r” 
(5) To stop recording, press “CTRL+s” 
 
Note:  
If you see the message of “-bash: ./rui: Permission denied” in the Terminal window, you need to type 
“chmod a+x rui” while you are in the RUI directory. 
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Measuring Learning & Forgetting 

Emacs is started by the experimenter for every session.  The participants will start and stop RUI to record 
their performance. The experimenter needs to ensure that the participants cannot do mental rehearsal during 
the retention period.   
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Appendix E:  Safety of Experiments  
Some common safety concerns: 
for cog psy, there are none 
 
for interesting things, see your irb  
for stress, see your irb 
for taking samples from humans, see your IRB 
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Appendix F:  Example Consent Form 

Here is an example of an informed consent form that you can refer to when you need to generate 
one for your experiment.   

 

 

Informed Consent Form for Biomedical Research 
The Pennsylvania State University 
 
Title: Investigating a Forgetting Phenomenon of Knowledge and Skills 
 
Principal Investigator: Dr. Frank E. Ritter 

 316G IST Bldg, University Park, PA 16802 
 (814) 865-4453 frank.ritter@psu.edu 

 
Other Investigators:   
 

Dr. Jong Wook Kim 
316E IST Building 
University Park, PA 16802 
(814) 865-6166; jongkim@psu.edu 

Dr. Richard J. Koubek 
310 Leonhard Building 
University Park, PA 16802 
(814) 865-7601 rkoubek@psu.edu 

 
1. Purpose & Description: The purpose of the study is to investigate how much knowledge and skills 

are forgotten and retained in human memory after a series of learning sessions. Human performance 
caused by forgetting will be quantitatively measured. If you decide to take part in this experiment, 
please follow the experimenter’s instruction. 
 
The experiment is held at 319 (Applied Cognitive Science Lab.) or 205 (a computer lab) IST building. 
During the experiment, the timing of keystrokes and mouse movements will be recorded. 
 
A group of participants (80 participants) selected by chance will wear an eye-tracker to measure eye 
movements during the task, if you consent to wear the device. You can always refuse to use it. The 
eye-tracker is a device to measure eye positions and eye movements. The eye-tracker is attached to a 
hat, so you just can wear the hat for the experiment. The device is examined for its safety. You may be 
asked to talk aloud while doing the task. 
 

2. Procedures to be followed:  
a. You will be asked to study an instruction booklet to learn a spreadsheet task (e.g., data 

normalization). Each study session will be 30 minutes maximum. For four days in a row, you 
will learn how to do the spreadsheet task. 

b. Then, you will be asked to perform the given spreadsheet tasks on a computer (duration: 
approximately 15 minutes). 

c. With a retention interval of 6-, 9-, 12-, 18-, 30-, or 60-day, after completing the second step, 
you will be asked to return to do the same spreadsheet task (duration: approximately 15 
min/trial) 
 

ORP USE ONLY: IRB#21640 Doc. #1 
The Pennsylvania State University 
Office for Research Protections 
Approval Date: 09/09/2008 – J. Mathieu 
Expiration Date: 09/04/2009 – J. Mathieu 
Biomedical Institutional Review Board 
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3. Voluntary Participation: The participation of this study is purely based on volunteerism. You can 
refuse to answer any questions. At any time, you can stop and decline the experiment. There is no 
penalty or loss of benefits if you refuse to participate or stop at any time. 
 

4. Right to Ask Questions: You can ask questions about this research. Please contact Jong Kim at 
jongkim@psu.edu or 814-865-6166 with questions, complaints, concerns, or if you feel you have been 
harmed by this research. In addition, if you have questions about your rights as a research participant, 
contact the Pennsylvania State University’s Office for Research Protections at (814) 865-1775. 

 
5. Discomforts & Risks: There is no risk to your physical or mental health. You may experience eye 

fatigue because you are interacting with a computer monitor. During the experiment, you can take a 
break at any time.  

 
6. Benefits: From your participation, it is expected to obtain data representing how much knowledge and 

skills can be retained in the memory over time. This research can make a contribution to design a novel 
training program. 

 
7. Compensation: Participants will receive monetary compensation of $25, $30, or $35 in terms of your 

total trials, or extra credits (students registered to IST 331). The experiment consists of 5 to 7 trials ($5 
per trial). The compensation will be given as one lump sum after all trials. For the amount of $30 and 
$35, participants will receive a check issued by Penn State. Others will receive a cash of $25. Total 
research payments within one calendar year that exceed $600 will require the University to annually 
report these payments to the IRS.  This may require you to claim the compensation that you receive for 
participation in this study as taxable income. 

 
8. Confidentiality: Your participation and data are entirely confidential. Personal identification numbers 

(e.g., PSU ID) will be destroyed after gathering and sorting the experimental data. Without personal 
identification, the gathered data will be analyzed and used for dissertation and journal publications. 
The following may review and copy records related to this research:  The Office of Human Research 
Protections in the U.S. Department of Health and Human Services, the Social Science Institutional 
Review Board and the PSU Office for Research Protections. 

 
You must be 18 years of age or older to take part in this research study. If you agree to take part in this 
research study and the information outlined above, please sign your name and indicate the date below. 
 
You will be given a copy of this signed and dated consent for your records. 
 
 
_________________________________________            _____________________________ 
Participant Signature      Date 
 
 
_________________________________________            _____________________________ 
Person Obtaining Consent (Principal Investigator)  Date 
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Appendix G:  Example Debrief Form 
 
 
 

HRI Debriefing Form 
 
Thank you for participating in our human-robot interface testing study.  
 

From your participation we will learn how people use interfaces in general and Human-Robot 
interfaces in particular.  These interfaces are similar to those used to interfaces used to work 
in hazardous areas including those used in rescue work at the World Trade Center.  By 
participating, you have been able to see and use a new technology.  The results can lead to 
improved interfaces for robots that replace humans in hazardous conditions.  
 
You may also find the Robot project overview page useful and interesting.  

 
If you have any questions, please feel free to ask the experimenter.  You can also direct questions 
to Dr. Frank Ritter, (frank.ritter@psu.edu, 865-4453).  
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Appendix H:  Example IRB Application 

Your Internal Review Board will have its own review forms.  These forms are based on each 
IRB’s institutional history, and the types of studies and typical problems (and atypical problems) 
that they have had to consider over time.  Thus, the form we include here can only be seen as an 
example form.  We include it to provide you with an example of the types of questions and more 
importantly the types of answers characteristic of the IRB process.  You are responsible for the 
answers, but it may be useful to see examples to see how long they are, and how detailed they 
need to be.  

Following is a form used in one of our recent studies.   
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