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PROJECT SUMMARY

One of the project areas identified at the original CILT “Technology Support for Assessment” meeting was “Develop a dream project illustrating dynamic assessment of people learning”.  One element of a dream project assessment is creating or using items for which there is a clear public perception about their importance.  The poor performance of US students on the Third International Mathematics and Science Study (TIMSS, 1996) has received wide public attention.  If technology innovations can lead to dramatically improved performance on such items, this should provide a clear message that such innovations do work and are worth pursuing.  

However, a focus on specific items has a serious risk.  It can lead to “teaching to the test” in a way that the underlying general cognitive strategies and concepts the item is intended to test may not in fact be achieved.  Thus, item selection must be accompanied with a clear articulation of the targeted cognitive processes.  Furthermore, such processes should be important to students’ readiness for the workplace as well as future academics.  National standards efforts provide a way to assess what processes have been judged by education experts to be important.  Thus, it is critical to not only select TIMSS items that show where US students are lagging behind, but furthermore, to align these items with national standards to be clear about the underlying cognitive processes that are the true focus of instruction.

The main goal of this project was to perform such an alignment between National Council of Teathers of Mathematics (NCTM, 1989; 2000) Standards and the TIMSS items.  This alignment provides a resource for others who want to evaluate educational technology innovations.  Most specifically, it provides a way to select particular TIMSS items that are appropriate for evaluating particular curricular objectives.  As this project evolved, an additional opportunity was identified, namely, to make use of technology to support the alignment process. We used MediaSeek’s “Resource Correlator” to support the alignment process (see www.mediaseek.com).  A related further project goal was to evaluate the impact of alignment technology on the quality of the alignment process.

RESULTS AND IMPLICATIONS

Technology to Aid Alignment

In general the alignment process involves associating elements of one document, for instance, objectives within the NCTM Standards, with matching elements in another document, for instance, items in the TIMSS 8th grade assessment.  As illustrated in the figure below, when using a tool like MediaSeek’s Resource Correlator, one does not make a direct association between the documents, but instead associates each document with an intermediate knowledge base.  This knowledge base provides an inter-lingua so that alignments do not need to be made with every pair of documents.  Instead, each document can be aligned just once to the knowledge base and the Resource Correlator can then automatically compute a correlation with any other document that has been aligned with the knowledge base.
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Resource Correlator already came with an alignment of the NCTM Standards with their knowledge base.  In particular, we were interested in the 71 standard statements for grades 5-8 of the 1989 Standards (the 2000 Standards were not yet out at the time we began this project).   We performed an alignment of TIMSS items (the 109 released items for 8th grade mathematics) to the knowledge base.  Next, we used Resource Correlator to output the correlation organized in two different ways: 1) for each of the 71 Standards statements, a list of the TIMSS items that match and 2) for each of the 109 TIMSS items, a list of the Standards statements that match.


A real advantage of this alignment technology is that it will now be much easier to align TIMSS with the new 2000 NCTM Standards.  Rather than doing this alignment by hand, it can be automatically computed once MediaSeek has aligned the NCTM 2000 Standards with their knowledge base, which is a task they need to do anyway. 

Do TIMSS and NCTM Correlate?

To address our highest level goal, we can report that, yes, the TIMSS 8th Grade Mathematics items do correlate well with the NCTM 89 Standards for grades 5-8.   

Of the 71 Standards, 64 correlate with at least one TIMSS item.  On average, 7.4  items correlate with each standard.  Thus, on average, a teacher or evaluator has a number of potential items to choose from in designing an assessment for particular standards.


Some examples of standards and the number of TIMSS items that match these standards follow:
7.5 
Computation & Estimation: Use computation, estimation, and proportions to solve problems (31 items, e.g., P-14)

1.3 
Problem Solving: Develop and apply a variety of strategies to solve problems, with emphasis on multi-step and non-routine problems (29 items, e.g., S-02b, R-14)

5.2 
Number & Number Relations: Develop number sense for whole numbers, fractions, decimals, integers, and rational numbers (20 items, T02a)

4.2 
Connections: Explore problems and describe results using graphical, numeric, physical, algebraic, and verbal mathematical models or representations (19 items)

3.2 
Reasoning: Understand and apply reasoning processes with special attention to spatial reasoning and reasoning with proportions and graphs (9 items)

2.2 
Communication: Reflect on and clarify their own thinking about mathematical ideas and situations (1 item, T-1b)

Using the Alignment to Select Assessment Items

How might a teacher or evaluator use our alignment?  A technology evaluator, for instance, may ask a question of the following general form:

My technology is targeted at objective X, which TIMSS items should I use in my evaluation?

Let’s say objective X = “Non-routine problem solving in geometry”.  Here are the steps the evaluator might go through to find relevant TIMSS items.

Step 1. Find NCTM Standards statements that are relevant to objective X

The following NCTM Standards Statements are relevant to “non-routine problem solving in geometry”:

12.5 Geometry: Understand and apply geometric properties and relationships

1.3 Problem Solving: Develop and apply a variety of strategies to solve problems, with emphasis on multi-step and non-routine problems

Step 2. Use our alignment to look up TIMSS items that match these standards

15 TIMSS items correlate with Standard 12.5: J11, J15, K08, L13, L15, M02, M07, O03, P09, Q10, S01a, S02a-c, U02a 

29 TIMSS items correlate with Standard 1.3: I02, … M07,… S01b, S02a-c, U02a, … 

4 TIMSS items correlate with both: M07, S01b, S02a-c, U02a

Step 3.  Inspect the items for relevance the objective.

An example item is shown below.  It appears a reasonably good example of non-routine problem solving in geometry.

TIMSS Item S-02

S2. The figure consists of 5 squares of equal size.  The area of the whole figure is 405 cm2.


[image: image2.wmf]

Find the area of one square.


Answer ________ square centimeters


Find the length of the side of one square.


Answer ________ centimeters


Find the perimeter of the whole figure.


Answer ________ centimeters

LESSONS LEARNED

Issues and Limitations of the Alignment

Some matches between TIMSS items and Standards are only partial and do not completely assess the standard as intended.   For instance, the communication standards are only marginally assessed by TIMSS items (e.g., T-1b, J-13).   There were very few TIMSS items associated with the reasoning standard within the content areas of number, geometry, and algebra.  A few items ask students to show or explain their work (e.g., T-1b, U-1b).  

Evaluating Technology-Aided Alignment

How well does the alignment produced using Resource Correlator correspond with the alignment a human coder might produce by hand?   To address this question we selected a sample of 11 TIMSS items, 10% of the 109 total items, and checked by hand the alignment of these with the 109 standards.   For these 11 items, the Resource Correlator identified 28 matching standards.  Our human coder agreed with 18 of these matches and felt that, for 10 of them, the Resource Correlator had erred on the side of inclusiveness by including a standard match that may not be appropriate.   Such false alarms are not so serious because, as we recommended in Step 3 above, an assessment designer should be inspecting the relevance of the suggested items.  It is more serious when the Resource Correlator does not find item-standard matches that it should.  Our human coder found 4 such unidentified matches.  

In information retrieval terms, our informal evaluation suggests that the use of the Resource Correlator has relatively high “reliability”, finding 81% (18/(18+4)) of the possible item-standard matches, but less good “precision” in that 64% (18/(18+10)) of the returned matches are keepers.   In other words, for an assessment designer who is looking to find a TIMSS items that matches a particular standard, if a matching item exists, our alignment is likely to identify it (81% of the time).  However, the assessment designer will have to sift through the items returned and on average about two thirds (64%) of them will be appropriate.

CONCLUSIONS AND NEXT STEPS

To repeat the consensus of our working group at the original CILT “Technology Support for Assessment” meeting, using TIMSS items to evaluate educational technology innovations is a good idea.  TIMSS has broad public appeal as the relatively poor performance of US students is well known.   Furthermore, this CILT mini-project has shown that TIMSS items assess mathematics that matters, in other words, TIMSS items are well correlated with the NCTM Standards.  Assessment developers, administrators, teachers, or researchers can use the alignment we produced to identify particular TIMSS items that assess particular educational objectives.  We outlined a three-step process for selecting such items.

A fruitful collaboration with MediaSeek, Inc emerged from this project and we were thus able to demonstrate the benefits of using technology in the alignment process.  Clearly, good human judgment is required, but the technology accelerates routine aspects of the process and leaves more time to check the results and pursue the implications.  As a consequence of this interaction we submitted a grant proposal with MediaSeek as a partner and, more generally, it has stimulated our thinking about the role of standards alignment, technology, and the use of assessments to enhance student learning.


One limitation of the knowledge base within MediaSeek’s Resource Correlator is that it is in a text-based form that does not correspond with our best understanding of the cognitive psychology of human knowledge representation.  Ideally this knowledge base should based on a cognitive theory, for example, like Minstrell’s (in press) facets or Anderson’s ACT-R (Anderson & Lebiere, 1998).  Pursuing this idea would be interesting avenue for future research.
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RELATED RESOURCES

Here are some other resources related to this project.

TIMSS Email Discussion Group: timss-forum@rbs.org

TIMSS Website: http://nces.ed.gov/TIMSS
NCTM Standards Website: http://www.nctm.org 
Alignment technology:  For more information about MediaSeek see their web site at http://www.mediaseek.com or http://www.resourcecorrelator.com.  Other companies have related products, for instance, see http://www.carltonse.com.

APPENDICES

The following files are available from the first author:

1. Guide to file NCTM-to-TIMSS.doc

This file shows the TIMSS items that correlate with each of the Grade 5-8 1989 NCTM Standards.  For instance, consider the start of the file shown below. 

In grades 5-8, the mathematics curriculum should include numerous and varied experiences with problem solving as a method of inquiry and application so that students can...  - use problem-solving approaches to investigate and understand mathematical content;

(S1:5-8, 1 of 6)


CURRICULUM STANDARDS FOR GRADES 5-8 : STANDARD 1: MATHEMATICS AS PROBLEM SOLVING


Component:  
Area of a rectangle


Reference:  
Measurement K-05


Required:
 -
Suggested:
6-8
Interested:
 -


Component:  
Total distance traveled by ball.


Reference:  
Algebra L-11


Required:
 -
Suggested:
6-8
Interested:
 -

The beginning is the description of NCTM Standard 1.1 (indicated by "S1:5-8, 1 of 6") and following indented section is a list of the TIMSS items that correlate.  The excerpt above shows two correlated TIMSS items K-05 and L-11.  The "Component" line provides a brief description of the item (e.g., Area of a rectangle) and the "Reference" line indicates the TIMSS item category (e.g., Measurement) and number (e.g., K-05).  The item number can be used to find the item in the released 8th grade TIMSS items.  To get the released items go to http://nces.ed.gov/TIMSS/timss95/rsrc_pub.asp#released and download "TIMSS Mathematics Items Released Set for Population 2".

2. Guide to Excel file TIMSS_to_NCTM_5-8.xl

This file is an Excel spreadsheet in which the rows list the Grade 5-8 1989 NCTM Standards and columns list the 8th grade TIMSS items.  A cell in the table has an "X" if the TIMSS item in that row correlates with the NCTM Standard in that column.  The row totals (on the right) indicate the number of TIMSS items that correlate with each Standard.  The column totals indicate the number of Standards that correlate with each TIMSS item.  The Standards and items are organized according to their categories.  Thus, it is possible to see for instance that the NCTM Measurement Standards (13.1-13.7) sensibly correlate well with many of the TIMSS measurement items (columns 84-98) but not well with the TIMSS algebra items (columns 1-18).   The second worksheet "Category Counts" shows the counts of the standard-item correlations within these broad categories.

Note: We do not recommend printing this file as it is many pages and unwieldy.
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