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Outline

1: The Past

The Psychometric Society has a 60-year history of developing and using quantitative
methods to improve the scientific basis of psychological analysis.

2: The Present

We have come to a crossroads.

3: The Future
1. Thedecline of the society and thefield, with increasing difficulty of recruiting new
membersand finding jobsfor students.
2. Aninfusion of new ideasfor new directionsin Psychometrics.

4: New Directions

| believe that Psychometrics should expand its purview by working on

» the development and use of Psychological tools useful to the practice of Statistics
while at the sametimeit should strengthen the traditional focuson

» thedevelopment and use of Statistical tools useful to the practice of Psychology.
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1: The Past

Psychometrika started publication in 1936. Topicsin the 30'swere:

. Factor Analysis

. Test Theory

. DataAnalysis (Correlation, ANOVA, Principal Components, etc.).
. Biophysics

. Psychophysics

. Matrix Algebra

. Various applicationsto Psychology (learning, olfaction, etc.)

N o o~ DN

1936-55:
During these two decadesthe topics gradually focused on Factor Analysis &
Test Theory, and to a somewhat lesser extent, Data Analysis.

1956-75:
During the next two decades M ultidimensional Scaling was added to thethree
“classical” topics, with emphasison it for sometime.

1976-96:
During thelast two decades emphasis on the same 4 topics continued with some
shift from MDS and FA to Test Theory, especially IRT.
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The Past

My own past (especially for the youngsters here):
1. Inthe 70's| helped develop Multidimensional Scaling and Alternating
Least Square Optimal Scaling data analysis methods.
2. | attended almost every Psychometric Society meeting from 1967 to 1985.
3. | had 15 publicationsin Psychometrika between 1970-1985.
4. | was President of the society in 1981, and am very proud of it.

5. For 15-20 year sthis society wasthe focus of my work life. | loved coming
to the meetings. | respected the society, its people and their work alot.

Intheearly ‘80's my focus shifted — I gradually cameto fed that:
1. I knew more about MDS and Optimal Scaling than was useful.

2. Further development of these methods would really just betinkering with
them, and whileit would be mathematically satisfying, it wasn't useful to
anyone outside of our society.

3. The methods and models had gotten much more complicated than users
could understand, and than we could communicate to them.

4. Application to problemsin Psychology, and Social Sciences, had gotten
lost in the process of developing more complex methods and models.
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2: The Present

My personal present:

1. I've shifted my focusto the graphical and computational sections of the
ASA. | publishin ASA journalsand attend ASA conventions.

2. | tell folks1'm a Statistician, not a Psychometrician.
3. | work on graphicsto communicate complicated data analysis results.

4. | develop Cognitive Psychology theoriesto understand and model the data
analyst, and software based on those theories.

My view of the Psychometric Present:

1. Much of what we do istoo specialized.

2. Much of what we do ismore mathematical and complicated than isuseful.
Its often hard to communicate what we do to those outside of our society.

3. Wearetoo focused on minutiae - often mathematically tweaking existing
work to provide a minute new feature that makeslittle useful difference.

4. We have lost sight of our original purpose: Developing mathematical and
statistical toolsthat are useful and relevant to Psychology and other
Social Sciences.
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3: The Future

| believe that we need to revive our traditional focus on Statistical and
Mathematical toolsthat are useful for Psychologists and other Social Scientists.

1. We need to be more problem driven rather than tool driven. Focuson the
Psyche, not the Metrics. The consumer of our methods has been forgotten.

2. Weneed to expand our selection of statistical toolsfor helping Psychology.
3. We need simpler methods, not more complex ones.

4. We need to focus on communicating our message to those outside of our
small society.

But more fundamentally, we need to branch out to new areas aswell asrevive
our traditional focus.
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The Future

My main point:

| believe that Psychometrics should expand its purview by working on

1. thedevelopment and use of Psychological toolsthat are useful in
strengthening the scientific basis of the practice of Statistics;

while at the same time strengthening the traditional focuson
2. the development and use of Statistical tools useful in strengthening the

scientific basis of the practice of Psychology.
These “Psychological tools’ include:

1. Cognitive and perceptual modelsfor statistical graphicsand data analysis.

2. Empirical Psychological research methodsto investigate the efficacy of the
cognitive and perceptual models.

Intheremainder of thistalk | will present examples of work that uses
Psychological tools useful to strengthening the scientific basis of the practice of

Psychology.
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In fact, such research hasbeen going on for the last decade.
1. Thereare cognitive and perceptual models for designing statistical
graphics and data analysis environments.
2. Some of these models have been used to guide empirical research on the
design of statistical graphics.
Thisresearch iscalled “ Computational Statistics’ and “ Graphical Statistics’.
1. It isseen aspart of Statistics. It is presented at ASA conventions. It is
published in ASA journals.
2. Someof it isperformed by “former Psychometricians’ with trainingin the
tools of Cognitive and/or Perceptual Psychology.
3. Someis performed by Statisticianswith no training in Cognitive or
Per ceptual Psychology.
| believe that Psychometricians should beinvolved in thisresearch. They are
uniquely qualified:
1. They arefamiliar with the models and methods of Psychology; and
2. They arefamiliar with the problems of Statistics.
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4.1 Graphical Perception

Bill Cleveland and his associates (statisticians and computer scientists) are
largely responsible for the resurgence of interest in the perception of statistical
graphs.
1. They have emphasized the need for empirical work and the need for a
theory of graphical perception.
2. Their work has been based on psychophysics, including Weber’'s Law and
Steven’s L aw.

3. They recommend that whenever possible, data values be represented by
length, not area or volume.
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Graphical Perception

lan Spence (former -?- Psychometrician) has performed fairly extensive
empirical research on graph perception.

1. Hehas studied how to present multiple groups on a scatter plot — by
varying symbols, color, letters, line orientation, and symbol fill.

For example, hefindsthat judges are fastest with color, slowest with
confusableletters (E,F,H), but there were no differencesin accuracy
(unless processing time was restricted).

2. He hasalso studied how judgesrespond to the visual elements of pie
charts, bar charts, and variations on these. (Pie chartsare not asbad as|
thought!)

3. He has compared several types of multivariate displays.
4. He has summarized many results and theory on graphical perception.

lan Spencewill betalking about thiswork in an invited presentation to Division
5 of the APA convention in Toronto, in August.
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4.2 Graphical Cognition

Linda Pickle and Doug Herrmann (statisticians) have proposed a cognitive
model for map reading. They say that successful map reading involves:

1. The map itsdlf;
2. Theexperience and sKkill of the map reader;
3. Thetask to be done using the map.

Each of these three components (map, reader, task) affects the cognitive
processes underlying map reading. They propose 4 cognitive stages:
1. Map Orientation — What geographic area doesthe map represent? What
isthe map designed to communicate?

2. Legend Comprehension — How arethe values of the mapped statistic
represented?

3. Map/L egend I ntegration — Match the legend scale to the map itself.
4. Extracting Information — Answer the questionsto be asked of the map.
Each cognitive stage depends on processes, including sensation, perception,

comprehension, encoding infor mation into memory, memory retrieval, and
reasoning. Different stagesinvolve different selections of these processes.
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4.3 Graphical Models

Michael Friendly (former -?- Psychometrician) and John Sall (statistician and
computer scientist) have discussed conceptual modelsfor constructing graphs.

They arguethat our cognitive and perceptual processesinvolve implicit
conceptual models. For example:

1. The“SpringModel” for scatterplotsisa conceptual model that isdesigned
to make sense out of scatterplots, regression lines, principal component
planes, sample size, error variance, leverage, etc.

2. The" GasPressure Cylinder” model for categorical dataisa conceptual
model that is designed to make sense out bar charts, sample size, t-tests,
etc.

Michael Friendly will be discussing this new direction for Psychometricsin the
next invited talk immediately following this one.

He will also be talking about thiswork in an invited presentation to Division 5
of the APA convention in Toronto, in August.
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4.4 Cognitive Model for Data Analysis

Forrest Young (Psychometrician?), John Smith & David L ubinsky (computer
scientists) have proposed a cognitive model for the data analysis process. They
proposethat there arethree cognitive modes of behavior and thought.

We argue that the cognitive modes should correspond to different software
environments (modes) that are uniquely designed for the cognitive mode.

The cognitive modes, and corresponding software modes, are

1. Exploratory — when the analyst is exploring the data and generating
hypotheses. Supported by a graphical user interface.

2. Confirmatory — when the analyst is confirming hypotheses. Supported by
an alphanumeric user interface

3. Structural — when the analyst isconstructing, maintaining or revisingthe
data analysis. Supported by a graphical user interface.

| have also argued that the user’s cognitive mode also depends on the level of
expertise of the analyst for the specific type of data analysis activity that is
taking place.
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Cognitive Model for Data Analysis

Finally, we have argued that the cognitive model for data analysis should
incorporatethe notion of a statistical strategy:

A statistical strategy isa formal representation of an expert statistician’s
conceptual structuring of

1. thedata analysis procedures needed to accomplish a specified data
analysistask;

2. the data analyst’s actions (choices, decisions, etc.) that are possible with
the data analysis procedures;

3. therelationships between the procedures and actions needed to
accomplish thetask;

4. wherethetask isto understand a specified data analysis obj ect (data set or
data model).

Weargue that statistical strategies guide data analysts and their specific series
of cognitive modes during the data analysis process, especially naive analysts.

Wehave argued that empirical work should be doneto test hypothesesresulting
from the cognitive model.
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5: Conclusion

I’ve cometo believe that Psychometrics has become

1. tooinbred - too many of usare paying attention only to our selves. We have
forgotten our “users’ — Psychologistsand other Social Scientists.

2. too driven by mathematics without regard to practical usefulness.

3. too focused on minutiae - often mathematically tweaking existing work to
provide a minute new feature that makeslittle (if any) useful difference.

4. to focussed on methods and models that have gotten way more
complicated than users can under stand — and than we can communicate
to anyone other than our selves.

5. insufficiently driven by itsoriginal purpose of trying to provide
mathematical tools useful to Psychologists.

The common denominator of these pointsis:

we are too focussed on mathematics at the expense of usefulness.
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Conclusion

| believethat Psychometricsisin need of rejuvenation, and that thiscan be
done by expanding the purview of Psychometrics by working on

1. thedevelopment and use of Psychological toolsthat are useful in
strengthening the scientific basis of the practice of Statistics;

while at the sametime strengthening the traditional focuson

2. the development and use of Statistical tools useful in strengthening the
scientific basis of the practice of Psychology.

The Psychological toolsinclude the theories and methods of cognitive and
perceptual Psychology.

| pointed out that these Psychological tools are already being used to improve
the scientific basis of the practice of Statistics - especially for Graphicsand
Software design.

| encouragethefield of Psychometrics, asrepresented by itspractitioners, its
journal and its annual meeting, to encompass and encour age the use of
Psychological toolsthat are useful in strengthening the scientific basis of the
practice of Statistics.
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