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As mass appraisers, we aƩempt to esƟmate something unknown (the values of a universe of properƟes) based on the 
prices and aƩributes of properƟes that have sold. We use different methods, such as cost, comparable sales, sales and 
income in regression models and even AI models to esƟmate values. The basis of all of our techniques is the assumpƟon 
that properƟes that have sold represent the properƟes that have not sold. RepresentaƟon of unsold properƟes is one of 
the most common, yet least understood, problems that all assessors face. 
 
A well-represented sales file is the foundaƟon for reliable and effecƟve mass appraisal. It enhances data quality, feature 
engineering and validaƟon, ulƟmately leading to more accurate property value esƟmates. 
 
Whenever we use raƟo studies to analyze assessment performance, or use sales-based methods to esƟmate property 
value, we are assuming:  
That properƟes that sell are similar to properƟes that do not sell 
                                            - AND - 
That representaƟon of unsold properƟes is proporƟonate to sales acƟvity. 
 
Is it safe or reasonable to make these assumpƟons? 
 
How can we test the validity of these assumpƟons?  
 
There are no standards, and very liƩle in the body of knowledge that does more than hint at the magnitude of the issue. 
There are staƟsƟcal tests to determine the degree of variaƟon in a sales file, but no widely accepted methods for directly 
comparing the observaƟons in the sales file to the wider universe of unsold properƟes.  
 
In an efficient market, most or all types of properƟes in the inventory will be represented by sales, but markets are not 
equally efficient. In my experience, there is a great deal of variaƟon in the degree of representaƟon of unsold properƟes 
from one market to the next. Many properƟes in disadvantaged communiƟes or properƟes that are not “typical” are not 
represented by sales, which can easily lead to errors in valuaƟon and/or analysis. When properƟes are not directly 
represented by sales, our valuaƟon processes have to generalize to esƟmate values, and the likelihood of error increases 
as the degree of generalizaƟon increases. In addiƟon, our sales raƟo studies tell us liƩle or nothing about those 
properƟes that are not represented by sales. Can we truly draw valid conclusions about assessment performance and 
quality across the enƟre inventory if some or many properƟes are not represented?  
 
It is important for all assessors to understand how well sales represent their respecƟve inventories. BeƩer yet, 
techniques that can precisely idenƟfy properƟes that are not represented by sales can be very helpful in improving 
assessment performance and equity. ProperƟes that are not represented by sales present higher risks for overvaluaƟon 
or undervaluaƟon.  
 
Some of the dimensions in which properƟes might not be represented by sales include neighborhoods, property types, 
condiƟon of improvements, building or lot sizes, construcƟon quality, age and even price class or value class. 
 
 
Group Summary Method 
The Group Summary Method assigns properƟes to groups using a common schema called a Group IdenƟfier (Group ID). 
Every transacƟon in the sales file and every property in the inventory file will be assigned a Group ID.  



Using these groups, we can summarize and present data about each group, and directly compare sales to the wider 
inventory. This is not a new technique. I built the first Group IDs in Philadelphia in the late 1990s. They have been used to 
great effect ever since.  
 
 
HeurisƟc Measure of RepresentaƟon (HMR)  
The HeurisƟc Measure of RepresentaƟon is similar to the Group Summary Method in that it assigns properƟes to groups. 
The primary difference is that the groups are defined by regression models, with a different schema for each model that 
is used to esƟmate values. The method derives a score for each property that reflects the degree of generalizaƟon from 
the model used to esƟmate value. This method is relaƟvely new, and has yet to be comprehensively applied.  
 
Both methods allow us to gain more precise insight into model and assessment performance, facilitate review of 
valuaƟon projecƟons and can idenƟfy submarkets or even specific properƟes that are not well served by the valuaƟon 
process. 
 
First, let’s look at the Group Summary Method. 
 
Why Use Grouping IDs? It is not parƟcularly difficult to make good decisions in appraising properƟes. The hard part of 
mass appraisal is making sure that, when decisions are applied, they affect 
Every property that should be affected - and 
No properƟes that should not be affected. 
 
Building Group IDs 
Group IDs are built by idenƟfying the five or six most important contributors to value. These are usually the aƩributes 
that determine comparability. These aƩributes are transformed into codes that are concatenated into a text string. Most 
categorical aƩributes are already in the CAMA system as codes, so transformaƟon might not be necessary. Numeric 
aƩributes, such as building square footage or lot size, need to be transformed into categorical bins to which codes can be 
assigned. The important aƩributes may vary from market to market, and certainly from one property type to the next. 
Group IDs provide a ‘snapshot’ of a property, bringing together the most important elements that describe a property in 
one place.  
 
As an example, in Philadelphia, we built Group IDs from LocaƟon (neighborhood); Building Design; The RelaƟve Building 
Size code (building SF transformed into 5 categorical bins, ranging from smallest to largest); the year the property was 
built (transformed into seven categorical Ɵme periods); and the condiƟon of the improvements. A sixth element allowed 
for recogniƟon of any special circumstance that would make the property different in some way, which simplifies the 
management of excepƟonal properƟes.  

 
 



ProperƟes in the group B211-TJ5-34-0 would be similar, but not necessarily idenƟcal. Some might have garages; others 
not. Some might have central air condiƟoning. They could be on different size lots. But they would all be from the same 
neighborhood, have the same design, fall within a range of square footage that would allow them to be considered 
similar, have been built at around the same Ɵme period and would be in the same condiƟon.  
 
One of the advantages of the method is its great flexibility. I have built Group IDs for jurisdicƟons that used other 
aƩributes, such as Quality of ConstrucƟon, the Number of Stories, or the class of the building or complex. Each market 
can define Group IDs in its own way. Group Ids can be built for all types of properƟes – from vacant land to Office 
Buildings to Condos.  
 
There are many advantages to using Group Ids and Group summaries. 
 
Group Ids allow us to designate properƟes as members of groups and make decisions at the group level. This ensures 
that all properƟes in the group are affected equally. It also allows us to have different methods, adjustment coefficients 
and techniques for different groups of properƟes.  We can also keep aggregate or summarize data for all groups and 
easily publish that data to our consƟtuents. 
 

 Group Ids make databases much more efficient, avoiding mulƟ-key joins between tables and simplifying retrieval 
of data through queries.  

 
 Group IDs support direct comparison between sold and unsold properƟes. 

 
 Group summaries can greatly improve our understanding of our markets and the performance of our 

assessments. 
 

 Group IDs are very useful for reviewing market value esƟmates both within and between groups. 
 

 Group IDs can greatly simplify idenƟficaƟon and selecƟon of comparable sales.  
 

 Group IDs can be built for any sales and inventory file regardless of the valuaƟon method used. Anyone can use 
this technique!   

 
The Power of Persistent and Consistent Groups 
 
Groups created by Group IDs are both consistent and persistent.  
 
Consistent means that the group is always the same, no maƩer who accesses the data.  
Persistent means that the group, and data about the group, exists at all Ɵmes.  
 
Every account has a Group Id. There are around 59,000 disƟnct Group Ids in the Philadelphia data. 
 
Every transacƟon has a SGroup Id (Group ID at Ɵme of sale). There are around 23,000 groups with 1 or more validated 
sales in the Philadelphia data. 
 
Because the groups are both Consistent and Persistent, we can maintain data about Group IDs and SGroup IDs.  
Every account can be linked to the data about its Group ID and SGroup ID groups, including the number of accounts, 
number of valid sales, average size, market value or sale price per square foot, average sale price, median raƟo of 
assessment, and many others. 
 



We can compare any given account to what is typical for the group, allowing us to find those that are at significant 
variance. How well does the sale price of a new transacƟon match what we know about what is typical for the group? 
How well does a specific value align with other properƟes in the group? These quesƟons become easy to answer.  
 
When we run a query, the result is a set of records that meet the parameters that were input. We can examine or analyze 
the records that were pulled, but we can’t analyze the records that were not pulled. With Group ID summaries, we can 
also compare aƩributes of a set of records to aƩributes of records that are NOT in the dataset. This is called ‘what is’ to 
‘what is not’ comparison.  
 
You can’t do this if you don’t group, or if you group ‘on the fly’! 
 
 
Summary Tables 
 
These tables store informaƟon about persistent groups. Every account can be linked to these tables by Group ID, so that 
any account can be compared to the summary data and all accounts in a group can be idenƟfied 
 
 

 
This table summarizes property data by Group ID. Group A111RPW2534 contains 2029 properƟes. 
 
 

 
This table summarizes sales data by Group ID. Group A111RPW2534 is represented by 118 sales. 
 
 



 
This table combines sales and property data summaries into one table. 
 
 

 
These are just some of the over 2,000 properƟes in Group A111RPW2534. They can be directly linked and compared to the summary tables. 
 
Once unrepresented properƟes are idenƟfied, we can use a variety of cluster or tabular analyƟcs to beƩer understand 
the relaƟonships between properƟes that sell and those that do not.  
 
Using Summaries to Understand RepresentaƟon 
ProperƟes will not be proporƟonately represented by sales, as sales will represent different numbers of accounts. 
Some groups of properƟes may be represented by few or no sales, as illustrated in this sample from a Group summary 
report. You can directly compare Ɵme adjusted prices to values, examine variance in both price and value within the 
group and even see how well the properƟes that sold compare to the unsold properƟes in terms of building and lot size.  
 
This report supports direct comparison of sold and unsold properƟes both within and between groups. There are no 
sales for the 30 properƟes in group M111RPW2454, but they are larger than the properƟes in group M111RPW2444. We 
would expect slightly higher values, but possibly lower MV per square foot rates in M111RPW2454 when compared to 
M111RPW244 – which is exactly the case. Comparing group M111RPW2445 (fair condiƟon) to group M111RPW2444 
(average condiƟon), we can see if the adjustment coefficient from the model is producing the correct effect.  



 
This report presents inventory data on the top row and sales data for the same group on the boƩom row. 
 
 
 
Mapping RepresentaƟon 
 
We can use maps to examine Groups. 

  
All of these properƟes are in the same Group. Blue dots are unsold properƟes, 
while sales are represented by red dots. The circled cluster has no sales, but all 
of these properƟes are comparable. 
 



 
 
This map shows the locaƟons of all properƟes that are in groups that are represented by at least one sale juxtaposed 
with properƟes that are in group that are not represented by any sales. In many cases, they are interspersed with each 
other, but we can see that there are some neighborhoods in the county where there are no sales.  
 
RepresentaƟon Summary 
Here’s a sample breakdown of representaƟon by groups of similar properƟes. There is a lot of informaƟon in this table, 
but perhaps the most telling is that there are 21,000 groups represenƟng almost 60,000 properƟes that are not 
represented by any sales – 14% of the inventory - in this dataset. I have worked with datasets where the percentage of 
unrepresented accounts is closer to 50%.  
 
We can idenƟfy every property that is in any of these groups. 
 

 
 
 



This table examines representaƟon by value class. We can easily see how relaƟvely underrepresented are the lower value 
classes.  
 

 
 
 
This table examines representaƟon by condiƟon of improvements. NoƟce the low percentages of representaƟon in less 
than normal condiƟon properƟes.  

 
 
Group Ids are a good way to understand representaƟon. They are easy to implement and can help you beƩer understand 
your market. 
 
Now let’s look at another way to measure and understand representaƟon. 

 

 
 



HeurisƟc Measure of RepresentaƟon (HMR)  
 

MulƟple Regression Analysis (MRA) is used in many jurisdicƟons to develop Models for Mass Appraisal. RaƟo Study metrics 

are used to measure performance such as Uniformity and Equity. Seldom does one check if the data used to build models 

are representaƟve of the populaƟon that we are trying to model. In the world of (re)assessment, for any given year the 

PopulaƟon (Master Roll) for any jurisdicƟon is fixed. The following is an effort to measure / quanƟfy representaƟon of your 

data used in your model to the populaƟon that you are trying to model - A HeurisƟc Measure of RepresentaƟon (HMR). 

 

In a mulƟple regression model, conƟnuous variables always develop adjustment coefficients. What happens to binary or 

categorical variables that do not develop coefficients? They get treated like the base. The contributory value is generalized 

for that aƩribute. Why does this happen? The variable is under-represented or unrepresented in the data whereby it does 

not develop a coefficient with significance. If we can idenƟfy and quanƟfy the degrees of generalizaƟon, we can formulate 

a metric to measure / quanƟfy representaƟon. 

In the simplest form, the scoring algorithm can be:  

 IdenƟfy the base binaries for each categorical variable. 

 IdenƟfy the binaries that developed coefficients. 

 Assign a score for each binary variable in the PopulaƟon that is 

o NOT used as the base  

AND 

o DID NOT generate a coefficient. 

 Tally scores for each case 

The Final Score = Degree of GeneralizaƟon 

Each parcel to which the model is applied will get a score. Scores will range from “0” to “n”, where n is the number of 

unrepresented binary or categorical aƩributes.  A group of properƟes with the same characterisƟcs will have the same 

score. Higher the score, higher the degree of generalizaƟon which indicates a lower degree of representaƟon in the model 

and possibly lower degrees of accuracy in the esƟmates. 

 

 

 

 

 

 

 

 

 



 

Scoring Example 

 

 

 

 

There are three unrepresented aƩributes – CondiƟon, LocaƟon and Style – in this model. Scores will range from “0” to “3”. 

M1125T generates a score of “2”. All properƟes in that group will have the same score, and the same degree of 

generalizaƟon in the model.  

 

AddiƟonally, scoring can be scaled or weighted based on variable importance, adapted for different machine learning 

model types. Furthermore, conƟnuous variables can be binned and scored as an addiƟonal facet. Scoring can be used in 

both feedback & feedforward pipeline to improve models. Scores and related groups may be used to transplant baked in 



intelligence into (e.g.: Comparable Engine; Neighborhood DefiniƟons etc.). RaƟo studies and other performance metrics 

can be run on binned groups of HMR scores to get addiƟonal insights.  

HMR scoring allows us to: 

 Recognize parcel groups in the populaƟon that are under-represented or unrepresented in the data used to create 

the model. 

 Respecify / recalibrate your variables to improve your models. 

 IdenƟfy parcel groups that may need addiƟonal review before finalizaƟon.  

 Gain more precise insight into model and assessment performance 

 IdenƟfy submarkets that are not well served by your valuaƟon process 

 BeƩer understand representaƟon through maps and visualizaƟons 

Conclusions 
 
The founding fathers of mass appraisal devised some great tools and methods for modern pracƟƟoners. IAAO standards 
and educaƟon have promoted use of these tools, established best pracƟces and helped improve assessment 
performance in many jurisdicƟons. Understanding the degree to which sales represent unsold properƟes is criƟcal in 
improving and validaƟng assessment performance, and represents a significant blind spot in our body of knowledge. Any 
study of assessment equity should include analysis of representaƟon. In some markets, it may be appropriate to use 
alternaƟve methods of esƟmaƟng values for sub-markets, groups or clusters of properƟes that are not represented by 
sales and about which sales tell us liƩle or nothing.  
 
Beyond the methods presented in this arƟcle, other methods and techniques should be discussed, developed and used 
to advance the understanding of representaƟon in the industry. The authors encourage further engagement and 
discussion.  
 
 


