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Covariant variables add noise to the measurements of dependent variables.  For 
example, more computer-literate people may work faster in a web search task.  
The noise from this variability in task time may swamp the actual difference in 
mean search times with or without a UM helping the search.  ANCOVA allows 
us to measure the covariate of computer literacy and use that to correct the 
search times to remove the noise added by differing degrees of computer 
literacy from the measured search time dependent variable.  The next slides 
will show you commonly accepted measurements for certain covariates. 

UM-03 Tutorial Evaluating the Effectiveness 
of User Models by Experiments!

23 June 2003!

8!

The kit is a tool for studying reasoning, verbal ability, spatial ability, memory, 
and other cognitive processes. It contains 72 tests that have been demonstrated 
to be consistent markers in studies of 23 cognitive factors. The kit tests are 
intended for research use only. They should not be used for selection, 
counseling, or operational purposes. Information about the development of the 
1976 edition of the kit may be found in: Ekstrom, R. B., French, J. W., & 
Harman, H. H. (1979). Cognitive factors: Their identification and replication. 
Multivariate Behavioral Research Monographs, 79(2).  Buy from http://
www.ets.org/research/policy_research_reports/monographs/
kit_of_factor_referenced_cognitive_tests 

The Human Information Processing® Survey (HIP®) is a training tool for 
human resource development. Individuals are assessed in terms of their 
processing preference: left-brain, right-brain, integrated, or mixed. The The 
HIP® Strategy and Tactics Profiles provide a description of a person’s 
overall approach, as well as the specific tactics he or she uses in problem 
solving and decision making. 
Professional Edition of the HIP® Survey, which can suggest how an 
individual may perform in the workplace, utilizes consumable, self-scoring 
survey forms and Strategy and Tactics Profiles. For university personnel and 
others studying human information processing, the Research Edition includes 
reusable survey forms, response sheets, and Strategy Profiles. Both editions of 
the HIP® Survey are time- and cost-effective methods of measuring the 
degree to which individuals think with either brain hemisphere.  Buy from 
http://www.ststesting.com/2005gifthip.html 
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From http://www.usd.edu/~ssanto/field.html: 
   Field independence and field dependence are sometimes referred to as 
"cognitive controls" in that they control the ways that individuals process information. 
Assessed by Group Embedded Figures Test, the idea behind field independence is that 
performance on perceptual/spatial tasks can diagnose an individual's ability to learn and 
perform on non-perceptual tasks. 
Field independent students will prefer situations that allow them freedom in working toward 
their goals and solving problems. These learners like to work individually.  Students who are 
field dependent may prefer group projects and need more assistance from the instructor. One 
way to help these students is to make sure that any diagrams and illustrations used as visual 
aids contain verbal information explaining them. In computer-based learning, software that 
enables the learner to flip and rotate the image, or slides showing different views of the same 
image, can be helpful.  Buy from http://www.mindgarden.com/products/gefts.htm 

The Nelson-Denny Reading Test, Forms G and H, is a reading survey test for high school and 
college students and adults. A two-part test, the Nelson-Denny measures vocabulary 
development, comprehension, and reading rate. Part I (Vocabulary) is a fifteen-minute timed 
test; Part II (Comprehension and Rate) is a twenty-minute test. The first minute of the 
Comprehension test is used to determine reading rate. Including the time needed to distribute 
materials, complete the name and information grids, and provide directions, the Nelson-Denny 
may be administered in forty-five minutes, or a single class period. A unique feature of the 
1993 edition is the extended-time administration of the test to meet the needs of special 
populations, such as students with English as a second language or as a foreign language, or 
returning adults.  Buy from http://www.riverpub.com/products/ndrt/index.html 
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MBTI has 16 personality types, a combination of (from http://www.infj.org/): 
Extraversion/Introversion (E/I) describes how we are "energised": extraverts recharge and 
get energised from lots of interaction with other people, while introverts need to spend time 
alone to recharge their internal batteries.  
Sensing/Intuition (S/N) describes whether we are more observant (sensing) or introspective 
(intuitive). Sensates pay more attention to the outside world, the current surroundings and its 
immediate needs, whereas intuitives heed the promptings of the inner world of thoughts and 
feelings. Intuitives are more likely to have their heads in the future or the past, exploring 
possibilities and pathways - Ns typically like to daydream. Note that this is not to be mistaken 
for introversion.  
Thinking/Feeling (T/F) indicates whether our head or our heart rules us more. Contrary to 
popular belief, both thinking and feeling (in this context) are rational functions, used to make 
decisions and acting on them. A Feeling personality isn't illogical or irrational, despite what 
some may try to tell you! Feeling people cherish values more than principles -- so while they 
may follow rules, they will break them if it means helping somebody or being compassionate 
to others; the situation determines what the Feeler will do. Thinking types are more likely to 
stick to the principles and rules no matter what. They use logic to reach a conclusion and act on 
it. 
Judging/Perceiving (J/P) determines how we run our lives. Perceivers prefer keeping their 
options open and would rather not be tied to a schedule. Note that this doesn't necessarily mean 
they are messy or disorganised people. With perceptive types, work doesn't have to be finished 
before play begins! Judgers are much more routine-oriented and orderly; they tend to have 
agendas, timetables, outlines, and so on. They would rather have closure than leave something 
unfinished, and prefer working towards a deadline. If they aren't on time, Js tend to get very 
nervous! 
Buy from http://www.capt.org/
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Do you control your destiny or are you controlled by it? This test assesses your 
locus of control orientation and your attribution style.  
"A locus of control orientation is a belief about whether the outcomes of our 
actions are contingent on what we do (internal control orientation) or on events 
outside our personal control (external control orientation)." (Zimbardo, 1985, 
p. 275)Our attribution style determines which forces we hold responsible for 
our successes and failures. Both locus of control and attribution styles have 
great influence on our motivation, expectations, self-esteem, risk-taking 
behavior, and even on the actual outcome of our actions. What is your locus of 
control? And what forces are responsible for your successes and failures? Find 
out with the Locus of Control and Attribution Style Test. Examine the 
following statements and indicate how often you feel that way, to what degree 
you endorse the statement or how much it applies to you. After finishing the 
test, you will receive a detailed, personalized interpretation of your score that 
includes diagrams, information on the test topic and tips. 
Buy from http://www.queendom.com/tests/access_page/index.htm?idRegTest=704
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From http://pss.uvm.edu/pss162/learning_styles.html: 
The Kolb Learning Style Inventory (LSI) is a statistically reliable and valid, 
12-item questionnaire and workbook, developed by David A. Kolb, Ph.D. 
Experiencing:  learning from specific experiences, being sensitive to feelings 
and people  
Observation:   observing before making judgments, viewing issues from 
different perspectives, looking for the meaning of things  
Thinking:    logically analyzing ideas, planning systematically, acting on an 
intellectual basis  
Action:     learning through ‘hands on’ activities, dealing with people and 
events through action 
Buy from http://www.haygroup.com/leadershipandtalentondemand/enhancing/
kolb.aspx
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Imagine your dependent variable is which key is pressed on an electronic 
keyboard and your independent variable is the sound that you hear.  Your 
participants are keyboards.  Nuisance variables are individual differences in the 
programmed sound of the participating keyboards and environmental sounds 
like nearby construction noise.  If the nuisance variables are too large, you 
might not even be able to hear the independent variable above the noise. 
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If you measure whether people do better with a user model in a between-
subjects design, you may by chance end up with lots of people who are 
inherently better at the underlying task in the no-UM group than in the UM 
group. 
In group experiments, especially among people who know each other, leaders 
(such as the group’s boss) can often influence others strongly, sometimes just 
through body language. 
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It is a good idea to brainstorm about possible environmental influences on the 
dependent variables during the planning stage of your experiments.  After you 
come up with a list, then you can think about mitigation. 
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Typically about 35% of people are susceptible to the placebo effect where the 
idea that they are being treated (even though in reality they are not) leads to 
improvement in their condition.   
In audio tests of which piece of equipment (e.g., an amplifier) sounds better, 
experimenters easily bias participants even when the experimenters were trying 
to be neutral.  Medical studies have shown experimenter bias affects response 
variables when the experimenters became aware of the condition of specific 
patients due to known side-effects (or lack thereof) in the patients. 
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Random assignment is essential because it allows nuisance variables to 
“average out.” 
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The Gatti & Harwell paper is available online at http://www.amstat.org/
publications/jse/v6n3/gatti.html

http://www.biostat.ucsf.edu/sampsize.html has a list of power and 
sample size calculating programs

http://statpages.org/#Power lists interactive websites for calculating 
power
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If you have more than one dependent variable, rather than run a separate 
experiment for each variable, it may be easier to combine them in a single 
experiment.  Factorial designs allow you to do this more economically. 
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Consider trying to study people who get perfect SAT scores.  The next time 
these people take an SAT test, they probably won’t get a perfect score.  
Likewise if you want to study people who got everything wrong on a particular 
test, the next time these same people take the same or a similar test, they 
probably won’t get all wrong again.  This tendency of people with extreme 
scores to tend to drift back toward the middle is called statistical regression. 
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If you do not describe your independent variables correctly, then it becomes 
impossible for others to reproduce your experiment or sometimes even to 
understand your experiment. 
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Experiments at the Hawthorn Works factory found that any change in lighting 
led to a temporary improvement in productivity because workers expected the 
change to help.  Robert Rosenthal and Lenore Jacobson studied the Pygmalion 
effect: random students that teachers were led to expect better performance 
from actually did do better.  The Golem effect is for negative self-fulfilling 
prophecies. 
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A common problem with university-based experiments is that they typically 
use college students as participants and college students are not representative 
of the general population. 
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Incentives are often helpful to motivate participants.  Unmotivated participants 
may drop out part way through the experiment (wasting your time and effort 
since you probably can’t use their data) or work haphazardly or even semi-
maliciously (e.g., just selecting random choices in a multiple-choice 
questionnaire). 
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Analysis allows one to determine the likelihood that a difference in means 
between 2 treatment groups is not due to random fluctuations.  Without 
analysis, one’s results are always questionable as due to random variations.  
Analysis allows one to quantify this probability.  People generally accept that if 
the probability of the difference in means being due to random processes is less 
than .05, then the difference can be considered real. 
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It is important to choose the right statistical test because the wrong test will 
give weaker or even incorrect results.  Be sure to check not only the type of 
data for the test, but also check that the test’s assumptions about its data is true 
of your own data. 
http://statpages.org/#WhichAnalysis has a list of interactive websites 
for choosing the right statistical test.
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User responses on Likert scale (or any other scale) subjective evaluations are 
ranked data because the difference between a 6 and a 7 is probably not the 
same as the difference between a 5 and a 6 or a 1 and a 2.  The only thing you 
can safely say is that a 7 is higher than a 6.  How much better cannot and 
should not be assumed. Therefore Likert scale responses should be analyzed 
with non-parametric tests.  Parametric tests like ANOVA require that the data is 
actually linearly scalar.  Unfortunately ANOVA is often wrongly used to 
analyze Likert scale responses. 
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The Z-test compares the mean of a sample against the mean of a whole 
population to see if the difference is meaningful or just due to random 
selection.  The T-test compares the difference in means between two samples 
(e.g., UM or no UM).  The F-test compares the variances (standard deviations) 
of two samples. 
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http://www.graphpad.com/faq/viewfaq.cfm?faq=1318 gives a good description 
of how to determine if your test is one-tail or two-tail. 
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http://statpages.org/ has lots of good information besides listings of 
interactive calculation pages.

http://www.stat.ufl.edu/vlib/statistics.html lists statistics related 
pages around the world.

http://www.statsoft.com/textbook/stathome.html is a free electronic 
statistics textbook.

http://www.coventry.ac.uk/ec/~nhunt/oatbran/ is the Online Analysis 
Tools in Excel Spreadsheets.

http://www.careervision.org/About/BallAptitudeBattery.htm has a 
series of aptitude tests that may be useful for measuring covariates.
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http://www.umuai.org/ is the website for UMUAI, the premiere journal 
in the user modeling field.

http://www.sigchi.org/ is the website for SIGCHI, the ACM Special 
Interest Group in Computer-Human Interaction.
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