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Figure 1: Bruegelôs Temperance. From: employees.oneonta.edu/farberas/ 
The 1560 print of Temperance (Figure above) by Pieter 

Bruegel, the Elder, illustrates ñpantometryò (geometrical 

measurement) in action. The upper right section of this 

print portrays practical applications of the mathematical 

sciences and measurement. These scenes illustrate 

quantification attempts across many aspects of measuring; 

using a divider, square, plumb line, visual sighting, 
aspects of velocity/distance with cannons or crossbow 

together with disputation also serving a prominent role. 

(For more about this picture, see Crosby, 1997.) 

Quantification and visualization go hand in hand with 

observations by providing the key to understanding 

measurement. Arithmetic, geometry, and trigonometry 

share with writing and music the pursuit of uniform 

quanta. Writing and music are linear events no less 

embodying measurement than any other area of science. 
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Bruegel captured more than just the historical scene, he 

pictures the essence of metrology ï a continuous search 

for units with generality.  

Application and usefulness of units requires that all 

measures (and units) possess sensus communis or 

ñcommon senseò as Kant (1917) expressed it. Kant meant 
that communication among peoples is not possible 

without a ñcommon senseò operating. Visualizing 

measurement is applying common sense by the use of 

pictures, graphs, maps, etc. This approach is the key to 

success in communication, utility and generality (Stone, 

Wright & Stenner, 1999).  

Measurement is always made by means of an analogy. 

Hans Vahinger (1924) wrote,  

All cognition is the apperception of one thing through 

another é we are always dealing with an analogy and 

we cannot imagine how otherwise existence can be 

understood é all knowledge can only be analogical. 
(p. 29)  

Common examples from the past for measuring time 

include the tolling of bells, sundials and water-clocks. 

Today we have digital watches and atomic clocks for 

measuring time with greater accuracy. ñTime passes,ò we 

say. ñTime marches on,ò and when it does we record the 

duration in terms of length. There is no ñtime,ò only 

duration. Length is the analogy for duration. A theory of 

time as duration is transformed by analogy from a 

variable of length and made manifest using natural 

occurrences such as the sun, moon and stars, and artificial 
devices as mentioned earlier. 

Robert Oppenheimer (1955) in his address to the 

American Psychological Association entitled Analogy in 

Science said: 

Whether or not we talk of discovery or of invention, 

analogy is inevitable in human thought, because we 

come to new things in science with what equipment 

we have, which is how we have learned to think, and 

above all how we have learned to think about the 

relatedness of things. We cannot, coming into 

something new, deal with it except on the basis of the 

familiar and the old fashioned. é We cannot learn to 
be surprised or astonished at something unless we 

have a view of how it ought to be; and that view is 

almost certainly an analogy. (p. 129-130) 

Rasch (1961) addressed this problem with a theory, a 

class of models and specific data examples. His goal was 

ñreplacing qualitative observations by quantitative 

parametersò (p. 331).  

Consider temperature and its common measurement. 

Temperature for most of us means the heat or cold we 

experience in our environment. In laboratories it is more 

rigorously studied, but in day-to-day life as well as in 
scientific laboratories, temperature requires some 

analogous method by which to make measures. A 

thermometer commonly uses an expansion tube of 

mercury to accomplish this task. Water, alcohol among 

other elements were investigated in arriving at the choice 

for mercury. Variations abound on the way to utility.  

Consider the common indoor/outdoor device, the 

thermometer often showing both Celsius and Fahrenheit: 

shown in Figure 2. 

For practical purposes the thermometer is simply an 

ñexpansion tubeò of mercury. The elevation (length) of 

mercury in the tube is analogous to temperature. This 

elevation is made utilitarian whereby we associate 

numerals to our personal sensations of 

comfort/discomfort. Thirty degrees F is experienced as 

cold and 70 degrees F is considered warm. In countries 

using Celsius, 0 C and 20 C convey approximately the 

same sensations. The two scales, C and F, illustrated in 

the figure are not different. The distance between the two 

horizontal lines indicating high (red line) and low (blue 

line) show an equal vertical distance of length on the F 
and C scales. Any other lines drawn horizontally across 

the two tubes will indicate exactly the same elevation on 

both scales.  

One intriguing aspect of this instrument is that volume in 

three dimensions for the thermometer has been reduced to 

length in one dimension for interpreting temperature. A 

complex variable has been reduced to a simple one. Rasch 

(1980) in discussing models 

in classical physics remarked, 

 None the less it should 

not be overlooked that the 
laws do not at all give an 

accurate picture of nature. 

They are simplified 

descriptions of a very 

complicated realityò (p. 

10, our emphasis).  

This point seems rarely 

appreciated to judge from the 

voluminous amount of 

commentary in the social 

sciences citing how 

ñcomplicatedò reality is, and 
how difficult it is to model. 

Physics has progressed 

admirably following ñsimpleò 

laws to model complex 

matters. Scientists appreciate 

complexity, but nature cannot 

be understood when 

complexity is made a 

stumbling block to 

understanding. In such 

instances, emphasizing 
complexity obfuscates 

understanding and 

knowledge. This temperature 

example reminds us that 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Celsius and 

Fahrenheit 

Temperature. From: 

www.scimathmn.org 

http://www.scimathmn.org/
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complexity can be modeled in a simple fashion if only we 

can find a useful way to do so.  

What is different between these two temperature scales is 

their division of length into segments, each one with 

different units and different origins for locating zero 

degrees. Celsius and Fahrenheit report different 
temperature numerals, but not different temperatures. It is 

the numerals that differ, not the temperature because the 

values of C and F can be connected by an algebraic 

expression, e.g. 9C = 5F ï 160. Entering C and solving 

for F, or vice versa, give us the corresponding value.  

A horizontal line across the picture of the temperature 

tubes supplies all the visual analogy we need to move 

from one scale to the other. This is because the ñheightò 

i.e. the length of mercury in the tube is invariant. It is the 

same height for each scale. The C and F scales are shown 

to be equal by observing this line connecting the two 

lengths. Algebra connects these two different scales 
precisely. What is not the same are the respective scale 

divisions and there are numerous variants.  

The implications of this simple example can be important 

for understanding the essence of measuring: 

1. We measure by analogy. We have moving hands, 

clocks ticking, and sand trickling through an hour-glass. 

No matter how sophisticated the device (cesium clock) 

analogy prevails in some form. For temperature: The 

internal liquid of a glass thermometer is a visual 

representation on the quantitative scale(s).  

2. We should not be confused by differing scale values 
and origins into thinking complexity abounds. A validly 

constructed instrument emanates from a single, unified 

variable. The problem is to devise and construct one. For 

temperature: There is only one construct variable, but 

many ways to divide and express it. 

3. Validity rests on achieving instrument integrity and 

invariance. Everything else is peripheral to this problem, 

and only serves to confuse the matter. Constructing the 

instrument and applying it to life are two entirely different 

matters not to be confused. For temperature: The 

instrument is foundational, applications follow. 

4. Portability is necessary. Handled properly the 
instrument is useful in almost all locations. Extreme 

conditions in temperature or elevation above/below sea 

level require modifications and corresponding 

interpretation. For temperature: General application and 

utility constitute validity with some unique exceptions.  

5. Utility is an important aspect of measuring. The choice 

between two explanations, complex vs. simple (Occamôs 

razor), favors the simple as the useful one. Utility implies 

understanding. For temperature: Giving oneôs attention to 

observing the temperature, and not to the instrument 

illustrates the successful achievement of utility. 

Mark Stone and Jack Stenner 
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Applied Measurement with jMetrik  

Online Short Course 

August 13-17, 2012 

1:00-3:00 p.m. EST (UTC/GMT -5 hours) 

jMetrik is a free and open source software application 

for psychometrics. It features a user friendly interface, 

an integrated database, and methods for applying 

classical and modern psychometrics. Item response 

theory and equating are among the methods available 

in jMetrik. A complete list of methods and the 
software itself is available as a free download from 

www.itemanalysis.com 

 The purpose of the short course is to familiarize 

participants with jMetrik and its use in scale 

development and applied testing programs.  All 

relevant measurement theory will be covered in the 

short course with emphasis on its implementation in 

jMetrik. At the end of the short course, participants 

will be proficient in using jMetrik to analyze test data. 

A complete list of short course topics and the short 

course schedule are currently available. 

 Remote webinar participation allows you to join the 
short course from your home or office. A web 

browser and internet access are the only requirements 

for the webinar. The short course will be conducted 

for two hours a day for five days. All participants will 

have access to video recorded short course sessions 

for up to two months after the short course. 

The short course will be conducted by Patrick Meyer, 

Ph.D., Assistant Professor at the University of 

Virginia and developer of jMetrik. 

For fees and registration: 
  curry.virginia.edu/community-

programs/conferences/jMetrik  

http://assets.cambridge.org/97805215/54275/excerpt/9780521554275_excerpt.pdf
http://www.itemanalysis.com/
http://curry.virginia.edu/community-programs/conferences/jMetrik
http://curry.virginia.edu/community-programs/conferences/jMetrik
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Georg Rasch and Item Fit
Georg Rasch didnôt expect all kinds of items to fit a 

Rasch model in all kinds of frames of reference, so he was 
always extremely careful about testing the items to see 

whether there was something wrong with the way they 

had been constructed or with the theory underlying the 

items. He was in fact an absolute fundamentalist when it 

came to model checking not only for the Rasch model, 

but for all kinds of statistical models. 

Graphical techniques were very important to Rasch. He 

had a principle saying (in Danish) that you should 

ñtegneò before you ñregneò (meaning ñplotsò before 

ñcalculationsò) and he had a lot of students (including 

Peter Allerup) doing the plots for him. He would never 

draw the ICC curves as we do today. Rasch plotted the 
logistic values of the probabilities against estimates of 

person parameters (or similar but more complicated 

functions of the item parameters against the total scores) 

because it is much easier to assess systematic departures 

from straight lines than departures from logistic curves 

(See Figure from Rasch, 1960). 

In addition to these plots he would, of course, also use 

numerical tests and he would always insist that these 

calculations should be made relative to the conditional 

distribution of item responses given the total score to 

make sure that he had separated his inference on items 
from the persons. 

You can find some of this in his 1960 book, but far from 

all. We know that he at some point worked on a sequel to 

the book that he never finished. When we celebrated his 

centenary in 2001 we published a collection of his 

unpublished papers and notes. (You can find this 

collection at www.rasch.org/memos.htm). Among these 

papers we included a chapter on ñEstimation of 

Parameters and Control of the Model for Two response 

Categoriesò where he describes five different methods 

including a test for the hypothesis that the item 

discrimination is the same for all items and including 
much of the theory of conditional inference that Erling B. 

Andersen worked on and published during the 70ôes. It is 

quite interesting reading so take a look at it. You can find 

it at www.rasch.org/memo196y.pdf 

Raschôs view on item fit analyses were that evidence 

against the item means that it should be either revised (if 

at all possible) or removed. That goes both for items 

where item discrimination is too weak and items where 

discrimination is too strong (Infits and/or Outfits that are 

smaller than 1). That is also my point of view, but the 

interpretation of the lack of fit of the item is very different 
for items that do not discriminate and items with too 

strong discrimination. In the first case I would suspect 

inept item writing or multidimensionality. In the second 

case I would always look for evidence of local response 

dependence (LD) because I know that positive local 

dependence has the effect that the item discrimination of 

the items look stronger than expected by the Rasch model. 

It is my experience this is the case in many of the analyses 

where I find evidence of too strong discrimination. You 
can find one such example in 

Kreiner S (2011) A Note on Item-Restscore 

Association in Rasch models. Applied Psychological 

Measurement, 35, 557-561 

where the local dependence is a consequence of inept 

item writing in the sense that items are phrased in such a 

way that local dependence is unavoidable. 

Svend Kreiner 

University of Copenhagen 

Denmark

Figure 14. Subtest F of BPP. lri plotted against lr. for 

each group of items.  From Rasch (1960) ñProbabilistic 

Models for Some Intelligence and Attainment Testsò. 

http://www.rasch.org/memos.htm
http://www.rasch.org/memo196y.pdf
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2012 World Standards Day Paper Competition
Enter the Competition! Hard copy paper submissions (no 

emails accepted) must be received, with an official entry 

form, by midnight August 10, 2012, by the SES 

Executive Director, 1950 Lafayette Road, Box 1, 

Portsmouth, NH 03801. Cash prizes of US$2,500, $1,000, 

and $500 are awarded to the top three papers. Further 

information and the official entry form are available at 
www.ses-standards.org/displaycommon.cfm?an=1&subarticlenbr=77 

How the Competition relates to us: This yearôs theme is 

ñStandards Increase Efficiency,ò in recognition of the 

fact that standards increase efficiency and reduce waste, 

not only in measurement but in any process or outcome 

affected by or involving measurement. Standards embody 

state-of-the-art know-how and so remove the need for 

every organization in a field or industry to master the 
latest techniques themselves. Further, because they are 

public and because they are established via consensus 

processes involving all stakeholders in an industry, 

standards even out unwanted variation in measurement 

quality. Finally, standards increase efficiency by 

establishing a common framework for decision making, 

outcome evaluation, and quality improvement, because 

the inferences made from quantitative comparisons are 

coordinated, aligned, and harmonized toward shared 

purposes, with no need for painstakingly negotiating the 

details of qualitative comparisons based in ordinal scores 

or percentages. 

In education, for instance, because there are neither 

universally accepted uniform units nor instruments 

traceable to them, measurement quality varies greatly 

across classrooms, schools, districts, states, and 

commercial testing agencies. Teachers, principals, 

researchers, administrators, and psychometricians create 

tests and assessments individually and in groups, with 

massive amounts of duplicated effort, inefficiency, and 

differences in quality. Lacking uniform units and 

metrologically traceable instruments, educators are stuck, 

mired in a swamp from which it is impossible to even 
approach fulfilling their potential for developing 

innovative products and services.  

The question is, if all educational measures were linked to 

common reference standards, what kinds of practical 

guidance could be provided on issues that would assist 

schools, districts, states, and curriculum developers in 

increasing their efficiency and effectiveness to meet the 

needs of students, teachers, parents, researchers, and 

employers in the coming years? 

In the wider world, companies compete globally more 

effectively and efficiently, at lesser cost and with less 

waste, when they have consensus standard measuring 
units to inform their processes. The same is already true 

in many different ways in education, from the standards 

used in constructing school buildings and supplying their 

electricity, information, technology, and water, to the 

accounting standards used in budgets and purchasing, to 

the food quality and quantity standards informing 

cafeteria operations. The state-of-the-art know-how 

contained in standards is accessible to all, helps avoid 

duplication, and allows us to invest more in other 

priorities.  

Given the proven state of the art in measurement theory 

and practice, and given the dire need for increased 

efficiency and reduced waste in education, health care, 
and social services, itôs way past time uniform 

measurement standards were developed and implemented 

in these areas. 

The 2012 World Standards Day paper competition is an 

opportunity for Rasch researchers to tell the story of how 

better measurement could impact the larger economic and 

social spheres of life. The standards community is 

interested in learning more, following on recent white 

papers published by NIST and NSF, and on last yearôs 

third place award to William Fisher for his paper, ñWhat 

the World Needs Now: A Bold Plan for New Standards,ò 
which will be the cover story in the forthcoming 

May/June issue of Standards Engineering The Journal of 

SESðThe Society for Standards Professionals. A PDF of 

the paper is available at 
 www.ses-standards.org/displaycommon.cfm?an=1&subarticlenbr=56.  

William P. Fisher, Jr.

ConQuest 3.0 

ACER ConQuest 3.0 is software for fitting  

unidimensional and multidimensional item response 

and latent regression models. It provides data analysis 

based on item response models (IRM), allowing 

examination of the properties of performance 

assessments, traditional assessments and rating scales. 

ConQuest 3.0 offers analysis procedures based on 

multifaceted item response models, multidimensional 

item response models, latent regression models and 

drawing plausible values. 

New Features include: 
BradleyïTerryïLuce (BTL) model for pairwise 

comparisons 

Marginal maximum likelihood or joint maximum 

likelihood estimation 

Fitting of multidimensional and multifaceted forms of 

Bockôs nominal response, two parameter logistic 

(2PL) and generalized partial credit models. 

Direct reading of SPSS system files 

Output of results to SPSS or EXCEL files 

A wide array of graphical outputs, including Wright 

maps and Wright predicted probability maps 
Person fit and residuals 

Latent variable path modeling 

Mantel-Haenszel DIF estimates 

   Ray Adams, Margaret Wu and Mark Wilson     

conquest-sales.acer.edu.au  

http://www.ses-standards.org/displaycommon.cfm?an=1&subarticlenbr=77.
http://www.ses-standards.org/displaycommon.cfm?an=1&subarticlenbr=56.
http://conquest-sales.acer.edu.au/
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Mapping Differential Item Functioning (DIF Maps)  
Variable maps provide useful tools for communicating the 

meaning of constructs in the human sciences.  It has not 

been recognized that differential item functioning (DIF) 

can also be represented in a meaningful way on a variable 

map.  In this case, the underlying continuum represents 

the differences between subgroups with comparable levels 

of achievement across a set of test items.   

Data from Engelhard, Wind, Kobrin, and Chajewski 

(2012) are used to illustrate the concept of a DIF map.  

DIF was calculated as the difference in logits between 

Figure 1. DIF Map for Gender 

Males        Females 

Figure 2. DIF Map for Best Language 

English Best Language      Another Language 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Item Subsets:  SC: Sentence Correction· 
                                    U: Usage · 

              RIC: Revision in Context· 
              Ratings: Two Essay Ratings 


