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What Makes Measuring Growth  
So Tricky? 

We use it all the time! 



We All Understand Growth! 
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Our common understanding of 
growth is a unidimensional concept. 

If our measurements span different 
dimensions, growth is difficult to 

compute and interpret 



When we measure and track height, 
we are tracking a single dimension. 

When we measured width, weight, and 
height, those are different dimensions, 
although each is an aspect of size….a 

multidimensional measurement 



Is Math, as measured on the  
MEAP (Fall 2011), More Like Height or Size? 

Grade 3 MEAP Math N.ME… 

• 02.01 –  Count to 1,000 by 
1’s, 10’s, 100’s 

• 02.02- Read, Write #’s to 
1000, relate to quantities 

• 02.03 – Compare and order 
numbers to 1,000 using < 
and > 

Grade 4 MEAP Math N.ME… 
• 03.16 – Understand that 

fractions may represent a 
part… 

• 03.17 – Recognize, name, and 
use equivalent fractions 

• 03.18 – Place fractions… 
• 03.19 – Understand any 

fraction… 
• 03.20- Numberline rep of + 

and – of fractions 
• 03.21- Relate decimal fractions 

to parts of a dollar 



If different MEAP tests are measuring 
different stuff, how do we interpret 

rising MEAP scores from one grade to 
the next? 

Do increasing scores mean that 
students getting “taller” or are they 

getting “bigger”? 



This is one of the reasons that 
learning progressions are a very 

hot topic. 
Learning Progressions attempt to 
define the dimension on which 

students are progressing. 



A lack of unidimensionality can be 
problematic in the measurement of 

growth. 

Perhaps we could move forward by 
asking a different question. 



Mason Grew 2 Inches Last Year. 

• Measuring height the “right way” on the door!  

• How do we interpret that statement? 
– It depends, right? 

• If Mason is my 2 year old nephew, we’re 
concerned because that growth is low 

• If Mason is my 9 year old nephew, we think it 
sounds about right. 

• If Mason is my 39 year old brother, we think this is 
quite strange. 

 



Sometimes, evaluating growth is 
helped by having a frame of 

reference. 

Perhaps it matters where you started. 



If you’re a parent, you probably recognize this… 



For these reasons…and 
others…measuring student 

growth in academic achievement 
isn’t necessarily straightforward. 

There are multiple ways to think of, 
and measure, academic “growth”. 



 

A Very Good Resource: 

• Castellano, K.E & Ho, A.D (2013). A 
practitioner’s guide to growth models. CCSSO 
(Charlston, SC) 

• Available at: 
http://scholar.harvard.edu/files/andrewho/files/a_pracitioners
_guide_to_growth_models.pdf 

• Or  http://www.ccsso.org/Documents/2013GrowthModels.pdf 

• We’ll use this classification scheme for this presentation. 

http://scholar.harvard.edu/files/andrewho/files/a_pracitioners_guide_to_growth_models.pdf
http://scholar.harvard.edu/files/andrewho/files/a_pracitioners_guide_to_growth_models.pdf
http://www.ccsso.org/Documents/2013GrowthModels.pdf


Seven Ways to Measure Academic Growth 

• The Gain Score Model 

• The Trajectory Model 

• The Categorical Model 

• The Residual Gain Model 

• The Projection Model 

• The Student Growth Percentile Model 

• The Multivariate Model 

 

 



Before we start, a word from George: 

“…essentially, all models are wrong, 
  but some models are useful.” 
                                      -George E.P. Box 



The Gain Score Model 

• The simplest growth model 

– This is the “door” growth model 

• Administer two tests and subtract the first 
score from the second to get the gain score 

• The two tests must share the same scale 

– Either a pre-, post test model using the same test 
or two tests that are created to share the same 
scale. 

• This is a criterion referenced view of growth 

 



The Gain Score Model 

• Do we see this model in Michigan? 

• EXPLORE/PLAN/ACT 

– If a student earns a 18 on the PLAN and then a 21 
on the ACT, they grew 3 ACT Scale Score points 

– This works because E/P/ACT share the same scale 

• NWEA works in a similar way 

• Teachers pre-post testing for educator evals 

• Doesn’t work for MEAP scale scores 



The Trajectory Model 

• Takes the result from the gain score model and 
projects it forward providing a growth 
prediction. 

• This prediction can be compared to a 
proficiency target to see if the student is 
growing “enough”. 

• This model assumes consistent year-to-year 
(typically linear) growth. 

– Is that a reasonable assumption? 

 



The Trajectory Model 

• Do we see this model in Michigan? 

– Not officially. 

• There might be schools that use 
EXPLORE/PLAN/ACT this way. 

– 17 on EXPLORE to 19 on PLAN and then expect a 21 
on the ACT. (Not really recommended) 

• Other things that come (sort of) close: 

– Growth Proficient (not as simple as Gain Score) 

– AMO’s (although slope isn’t determined by Gains) 



The Categorical Model 

• Similar to the gain score model 

– Rather than looking at changes in scale scores, 
changes in performance level are observed. 

– Doesn’t require a vertical scale like the gain score 
model 

– Is a “coarse” definition of growth…information is 
lost compared to scale scores 

 



The Categorical Model 

• Do we see this model in Michigan? 

• YES!...We call it Performance Level Change 

 





The Categorical Model 

• Do we see this model in Michigan? 

• YES!...We call it Performance Level Change 

• Sometimes points are assigned to the 
Categorical model’s values 

– This is referred to as a value table 

– Allows for aggregation across classrooms/schools 

– Michigan has tried this with the Teacher Student 
Data Link (TSDL) 



(One of) Michigan’s Value Table(s) 

Status SD D M I SI 

Proficient 0 0 1 1 2 

Not 
Proficient 

0 0 0 1 2 

There have been a few iterations! 



The Residual Gain Model 

• Based on a linear regression of one year’s 
scores onto another year’s 

• The residual is defined as the  
         observed score (actual test score) -  expected score (model prediction) 

• Positive residuals indicate more growth than 
expected (“good!”), negative residuals indicate 
less growth than expected (“bad!”) 

• Care must be taken in interpretation 
  



A Graphical Example 

Positive Residual 

Negative Residual 



The Residual Gain Model 

• Multiple years of data can be used in the model 

• This is a norm referenced model 

– There will always be points above and below the line! 

• There are assumptions about the data that must 
be met in order for the linear model to hold 

– If there are large violations of the assumptions, the 
predictions may not be valid 



The Residual Gain Model 

• Do we see the Residual Gain Model in Michigan? 

– Not officially, but… 

– One of the Beating the Odds Methodologies is 
conceptually quite similar…but it uses LOTS of 
variables in the model (cluster analysis) 

– Many researchers in the state use this type of 
methodology to investigate promising practices 

• Doug Greer – OAISD and MERA Board member – uses this 

 



The Projection Model 

• Takes the regression model equation from a 
previous cohort and applies it to a future 
cohort. 

– In our previous example, the model created from 
the 3rd and 4th graders, would be applied to next 
year’s 3rd graders. ( Gr4SS = -161 + 1.8Gr3SS ) 

– This would yield a projected 4th grade score. 

– They have not taken the 4th grade test, yet. 



Y= -161 + 1.8X 

4th Grade Proficiency Cut Score 



The Projection Model 

• Models our “best guess” as to what will 
happen in the future 

– Please remember George! 

• If the cohort differs significantly from the 
cohort used to estimate the linear model, the 
predictions will be questionable 

• The model will “drift” over time as instruction 
adapts to improve classroom outcomes 



The Projection Model 

• Do we see this model in Michigan? 

– Sort of… 

– “Growth Proficiency” is determined using a 
conceptually similar methodology. 

– If a student has a Performance Level Change value 
of “I” or “SI”…even if not proficient…it is felt that 
they are improving and count as “growth 
proficient” for accountability calculations. 

• Bonus Points: Which model was our Performance Level 
Change an example of?   



Note that the projection model 
projects based on a previous 

cohort… 
…the trajectory model projects based 

on the past history of the student. 



The Student Growth Percentile Model 

• Compares a student’s test score to students 
who have a similar test history as measured by 
previous test score(s). 

• Uses a procedure called quantile regression 
which is similar to…but less restrictive…than 
linear regression. 

• Instead of fitting one line as in linear 
regression, 99 lines are fit: One for each 
percentile. 



MEAP Growth Charts (Reading) 
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MEAP Growth Chart (Math) 



The Student Growth Percentile Model 

• The SGP model requires: 

– LARGE data sets 

– Complex Mathematical models 

• Quantile Regression 

• Sparse-N Techniques 

• Does this result in “transparency”? Is that an issue? 

• SGPs are a norm referenced viewpoint. 



The Student Growth Percentile Model 

• Do we see the student growth percentile in 
Michigan? 

 



There’s a storm a-comin’!   



The Student Growth Percentile Model 

• Do we see the student growth percentile in 
Michigan? 

• Michigan believes that it will be moving to 
student growth percentiles in the near future. 

• Stay tuned for more information! 

 



The Multivariate Model 

• Typically created in an attempt to model the 
“value added” by a teacher or school. 

– This implies a “causal” relationship…which, 
generally, isn’t really supported. 

– More accurately it models deviation above or 
below an expectation based on previous and 
current data. 

– These are very complex and I’m running out of 
time in this presentation! 



Jim Gullen (and friends),Testing and Assessment Consultant 

Macomb Intermediate School District 

Phone 586.228.3459 

Email: jgullen@misd.net 

Many thanks! 


