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MetaTest Overview



Testing of Assumptions

• Do we need metadata?
–Why?

• How much metadata do we need?
–For what purposes?

• Which elements do we need?
–For which digital library tasks?

• How do information-seekers utilize the    
metadata?
–When browsing / searching / previewing?

• Can automatically generated metadata perform 
as well as manually assigned metadata?
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Evaluation Methodology
Automatically metatag a Digital Library collection 
that has already been manually meta-tagged
Solicit range of appropriate Digital Library users
Have users qualitatively evaluate metadata tags
Conduct searching & browsing user studies with  
eye-tracking protocols
Conduct information retrieval experiments
Develop metrics of relative utility of each meta-
data element (manual & automatic) for searching 
and browsing

Completed
Underway
Future



Desired Achievements

• Provide experimental results to guide Digital 
Library development

• Develop metrics of metadata quality & utility

• Inform HCI design

• Reduce the metadata generation bottleneck
– Refine metadata standards to include only useful elements

– Determine if automatic metadata generation can perform 
comparably to manually generated metadata



Target Metadata Schema

Dublin Core Metadata Elements
• Contributor
• Coverage
• Creator
• Date
• Description
• Format
• Identifier
• Language
• Publisher
• Relation
• Rights
• Source
• Subject
• Title
• Type

GEM Metadata Elements
• Audience
• Cataloging
• Duration
• Essential Resources
• Grade
• Pedagogy
• Quality
• Standards



Qualitative Study
Comparing the Quality of Manual & 

Automatic Metadata









Who Were the Respondents?

11%Other

3%School Media

3%Instructional Designer

6%Higher Education Teacher

66%High School Teacher
6%Middle School Teacher

6%Elementary Teacher

Type of Educator

11%Other

11%Combination

3%Engineering

6%Math

69%Science

Subject Taught

37%10+ Years

29%3-9 Years

29%1-3 Years

6%<1 Year
Experience with Lesson Plans



Statistical Analysis

• Ordinal data used to measure metadata 
quality
– Unsure, Very Poorly, Poorly, Well, Very Well

• Used the Mann-Whitney Test on Independent 
Pairs (Non-parametric test)
– Accepts Ordinal data 
– Does not require normal distribution, homogeneity 

of variance, or same sample size 
– Ranks the scores from each group and 
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* Indicates statistically significantly difference in the medians

Of the metadata elements above which had data to compare, we conducted a Mann-Whitney U-
Test to test if the quality scores for each metadata element were different between the manually 
and automatically generated methods.  The only statistically significant findings were:

•The manually generated Title element was shown to have significantly higher scores than 
those that were automatically generated (U = 5238, p < .001).

•The manually generated Keyword element was shown to have significantly higher scores 
than those that were automatically generated (U = 4756, p < .001).



Teachers’ Judgments on Title
Some respondents appeared to be judging the actual 

title, not automatic extraction of the title

• “Title should indicate it is a student/ home survey 
based lesson”

– Scored Poorly on Automatic
• “It is actually a good match, but it would be much 

better if it also had the unit title”
– Scored Poorly on Automatic
– Scored Well/Very Well on Manual which was enhanced 

Title
• “It matches, but doesn’t address what the lesson is 

about”
– Scored Poorly on Automatic
– Scored Well/Very Well on Manual which was enhanced 

Title



Comparison of Elements with Values
Of the 35 systematically selected lesson plans and activities from the 
GEM Gateway the following graph shows the presence of the metadata 
elements for automatically and manually generated metadata.
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Quality v. Quantity
Consider quality versus amount of effort to generate manually

– Manually generated values for the Materials element were 
always rated well or very well, however only 2 of the 35 lesson 
plans had values for this element.

– Of the 20 lesson plans which had automatically generated 
Material elements, their scores were more dispersed.
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IR Experiment
Comparing Information Retrieval with

Manual Metadata
Automatic Metadata 

Free-text of Document



Trial I: Fielded retrieval on 
metadata (automatic & manual)

IR Experiment Design
We will run three distinct trials as well as combinations of Trials 
I & II with Trial III.

Title: Black Hole 
Lesson

Grade: 9-11

Keywords: 
galaxy,black_hole, 
set, model, object, 
dark matter

Title: GalaxSee: Black 
Hole Lesson

Grade: 9, 10, 11, 12

Keywords: Interactive 
teaching, simulations,  
Universe, GalaxSee
software

Automatic 
Metadata

Manual 
Metadata

GalaxSee: Black Hole 
Lesson, Grade: 9, 10, 
11, 12, Interactive 
teaching, simulations,  
Universe, GalaxSee
software,…

Black Hole Lesson, 
Grade: 9-11, 
galaxy,black_hole, 
set, model, object, 
dark matter,…

Trial II: Free-text retrieval on 
metadata (automatic & manual)

Trial III: Free-text retrieval on 
lesson plan



User Studies
Pilot Study with Eye-Tracking



What the Eyes Can Tell Us
• Indices of ocular behavior are used to infer cognitive 

processing, e.g.,
– Attention
– Decision making
– Knowledge organization
– Encoding and access

• For example, the longer an individual fixates on an 
area, the more difficult or complex that information is 
to process.  Similarly, the first few fixations indicate 
areas of particular importance or informativeness.



User Study: Data Collection
User wears an eye-tracking device while 
browsing or searching Science, Technology, 
Engineering or Math educational resources

The eye fixations (stops) and saccades 
(gaze paths) are recorded.  

Fixations, typically 150-300 milliseconds, 
enable a person to gather information.  
No information can be acquired during 
saccades.

The colors represent different intervals 
of time (from green through red).



Eye Tracking in Digital Libraries

• How users of Digital Libraries use 
metadata and process metadata?
– Test on three conditions

• Records with descriptions
• Records with Metadata
• Records with both descriptions and metadata



Method

• Pre-exposure search attempt
– 3 trials to enter search terms using free text, 

modifiers, boolean expressions etc.
• Exposure to test stimuli – Information in 1 of 3 

formats. Eye track during exposure.
– Metadata only
– Description only
– Metadata and Description

• Post- exposure search attempt and follow-up 
interview



Metadata Display

Description 
Display



Scanpath of Metadata Only Condition



Scanpath of Description Only Condition



Scanpath of Metadata & Description Condition



Graphically Understanding the Data
Below image: The LookZone shows the 
amount of time spent in each zone 
(paragraphs in this case). The user 
spent 27 seconds or 54% of her time 
looking at the description metadata 
element.  Very little time was spent with 
the other elements.

Above image: The contour map shows 
the aggregate of eye fixations (stops).  
Peak fixation areas are on the 
Description element, with some interest 
in the identifier (URL )and subject 
elements.  Note the dominance of the 
left side.



Preliminary Findings: Eye Tracking

• Descriptions are viewed in a linear order, but 
metadata is not 

• Titles and sources are the mostly viewed metadata
• The first few sentences in the description are read 

more carefully; the rest of them are skimmed
• Before selection, a re-visit of the records for 

confirmation
• Subjects focus on descriptions when both 

descriptions and metadata are on the same page.



Preliminary Findings: Interview Data
• 100% indicated they would continue to search for more 

information beyond the document they retrieved.
• 65% changed their initial search terms after exposure to 

test stimuli; proportionately more so in the combined 
condition.

• 20% indicated that they would use their chosen document 
for the intended purpose; all of these were women.

• 60% said they learned something from the retrieved 
document that helped them restructure their next search. 
Proportionately more of these were woman than men.

• 100% indicated that they use Google when searching for 
lecture/lesson information.

• Less than half of the participants knew what metadata 
was.



Preliminary Findings: Search Attempts

• On post-exposure search attempts the mean number 
of search terms increased by 25% for those in the 
combined condition. The number of search terms 
decreased for both of the other conditions.

• Men used more search terms on their first 3 query 
attempts, while women used more on their 2nd (post-
exposure) query attempts. Men were also more likely 
to use modifiers and full text queries. Women tended 
to use more Boolean expressions.



Next Steps for User Study

• Finer grain analysis of eye tracking metrics
– What metadata elements do searchers fixate?
– What kinds of words are attended to in descriptive 

information?
– What do the scan paths of efficient searchers look 

like?
– How does ocular behavior map onto actual 

search behavior and decision making?
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