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Abstract. Dynamic assessment (DA) has been advocated as an interactive ap-
proach to conducting assessments to students in the learning systems. Sternberg 
and others proposed to give students tests to see how much assistance it takes a 
student to learn a topic; and to use as a measure of their learning gain. To  
researchers in the ITS community, it comes as no surprise that measuring how 
much assistance a student needs to complete a task successfully is probably a 
good indicator of this lack of knowledge. However, a cautionary note is that 
conducting DA takes more time than simply administering regular test items to 
students. In this paper, we report a study analyzing 40-minutes data of totally 
1,392 students from two school years. The result suggests that for the purpose 
of assessing student performance, it is more efficient for students to take DA 
than just having practice items. 
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1   Introduction 

In the past twenty years, much attention from the Intelligent Tutoring System commu-
nity has been paid to improve student learning while the quality of assessment has not 
been emphasized as much. In the US, state tests are causing many schools to give extra 
tests. It would be great if ITSs could be used to do the tests, so that no time from instruc-
tion is taken away. Many psychometricians would argue that let students learn while 
being tested will make the assessment harder since you are trying to measure a moving 
target. Can ITSs, if given the same amount of time, be better assessors of students 
(while also providing the benefit of helping students learn during that time period)?  

Assessing students accurately without interfering with learning is an appealing but 
also a challenging task. Dynamic assessment (DA, also called dynamic testing) [3] 
has been advocated as an interactive approach to conducting assessments to students. 
DA uses the amount and nature of the assistance that students receive to judge the 
extent of student knowledge limitations (e.g. [3], [4], [5]) or measures student learn-
ing potential (e.g. [2]). ITSs are perfect test beds for DA as they naturally lead  
students into a tutoring process to help students with the difficulties. We [1] have 
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collected extensive information to assess students dynamically in a computer)-based 
tutoring system (http://ASSISTments.org). In this system if a student has trouble 
solving a problem (the main item, the system provides instructional assistance by 
breaking the problem into a few scaffolding steps, or displaying hint messages on the 
screen upon request. Although DA has been shown to be effective predicting student 
performance, yet there is a cautionary note: since students are allowed to request 
assistance, it generally takes longer to finish a test using the DA approach than using 
a traditional testing approach.  

2   Methods 

Fundamentally, in order to find out whether DA was worth the time, we would want 
to run a study comparing the assessment value of the following two conditions: Static 
assessment condition (A): students were presented with one static test item and were 
requested to submit an answer; Dynamic assessment condition (B): students were 
presented with one static test item followed by a DA portion where they could request 
help. Since ASSISTments had collected data with the information needed, we chose 
to compare predictions made based on log data from 40 minutes of time across simu-
lated conditions that were similar but not exactly the same as above: Simulated static 
assessment condition (A'): 40 minutes of student work selected from existing log 
data on only main items; Dynamic assessment condition (B'): 40 minutes of work 
selected from existing logged response data on both main items and the scaffolding 
steps and hints. Such a simulation study not only saved time, but also allowed us to 
compare the same student’s work in different conditions, which naturally rules out the 
subject effect. We chose to use student’s end of year state accountability test score as 
the measure of student achievement.  

We considered two data sets, one from the 2004-2005 school year with 628 stu-
dents, and the other from 2005-2006 school year of 764 students. The online metrics 
for dynamic testing that measures student accuracy, speed, attempts, and help-seeking 
behaviors are simply:  

• Main_Percent_Correct – students’ percent correct on main questions 
• Main_Count - the number of main items students completed.  
• Scaffold_Percent_Correct - students' percent correct on scaffolding questions.  
• Avg_Hint_Request - the average number of hint requests per question. 
• Avg_Attempt - the average number of attempts students made for each question.  
• Avg_Question_Time - on average, how long it takes for a student to answer a 

question, whether original or scaffolding, measured in seconds.  

The last five metrics are DA style metrics and were not measured in traditional tests. 
We ran stepwise linear regression to use the metrics described above to predict stu-
dent state test scores (the dependent variable). For condition A', the independent vari-
able of the simple linear regression model was Main_Percent_Correct; while for 
condition B', it changed to be the collection of the DA style metrics.  

Looking at the results, we noticed that in both years, students finished more test 
items in the 40 minutes in static condition than in dynamic condition (22 vs 11 in the 
first year; 31 vs. 13 in the second year). We examined the parameters in the  
linear regression models esp. for the dynamic condition. The first three parameters 
entered the models were the same in both years (with the order changed a little bit). 
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Scaffold_Percent_Correct was the most significant predictor in the first year while in 
the second year, it was Main_Percent_Correct. Also, in the later year 2005-2006, 
Avg_Attempt was considered as a significant predictor while in the first year it was 
Avg_Hint instead. We also chose to use Bayesian Information Criterion (BIC) to com-
pare the generalization quality of the model. In both years, the R squares of the model 
from the dynamic condition were higher, and BICs were significantly lower than those 
of the static condition, suggesting DA condition did a statistically significantly better 
job at predicting state test scores than the static condition did. We also conducted  
5-fold cross validation on the 2004-2005 data and noticed variables in the trained re-
gression models of the DA condition were consistent across the 5 folds validation. So 
we took the average of coefficients from the five trained regression models and applied 
the average model on the full data set. Mean absolute difference (MAD) was calculated 
as a measure of prediction accuracy. The average model from the simulated static con-
dition and the DA condition produced MAD of 9.01 (out of 54) and 8.7 respectively. 
The paired t-test suggested that there was a marginally significant difference (p=0.10).  

Based on the results, we conclude that dynamic assessment is more efficient than 
just giving practice test items. DA can produce more accurate assessment of student 
math performance, even limited by using the same amount of testing time. This is 
surprising as students in the dynamic assessment do few problems.  

3   Conclusion 

In this paper, we compared DA against a tough contrast case where students were 
doing assessment all the time in order to evaluate efficiency and accuracy of DA in a 
tutoring system. This paper eliminates the cautionary note about dynamic assessment 
that says DA will always need a longer time to do as well at assessing students, which 
further validates the usage of tutoring systems for assessment.  
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