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Introduction

Traditional web search engines (e.g. Google) rely on the high interaction bandwidth of desktop/laptop computer monitors, mouse and keyboards to provide very large amounts of information (e.g. long lists of retrieved documents with summaries). This has two advantages. First, it ensures good efficiency, since humans can browse through relatively large amounts of visual information (say, the contents of one or two screens) to get the specific answer to their information need. Second, it gives maximum flexibility to the users in terms of search strategies. For instance, one user, searching for a specific known document, might just look at the titles of the retrieved pages, whereas a different user, looking for an overview of a new topic, could first skim through the three lines summaries that are often included in the results. In the standard web search paradigm, the search engine itself is not aware of the user's preferred strategy, it simply provides a large amount of information, from which the user selects the aspects she considers relevant to her information need.
Unfortunately, this approach is not applicable to low bandwidth devices. For example, using the small-scale display of a cell phone, it takes a long time to browse through a complete list of documents. Another example is speech-only interaction, for instance for phone-based services or devices for the blind. Synthesizing a spoken rendering of the titles of the full list of retrieved documents is not only time-consuming; it is also counter-productive since the user is likely to forget what was said. In such cases, the amount of information that can effectively be transmitted to the user is necessarily limited. Therefore, instead of completely relying on the user to select relevant information, such systems must use a more explicit model of interaction.
For decades, alternative, more interactive approaches to IR have been proposed. For example, in [3], Belkin et al describe IR as a dialogue between an information seeker and an information provider and identify a set of information-seeking strategies that they can use to achieve the goal of the information seeker. However ultimately, their implementation makes use of a graphical interface instead of natural language dialogue. I believe that the reason why that work, along with many alternative views on IR interaction, has not had a significant impact on the interface of wide-spread web search engines as we know them today is that they have been applied to high-bandwidth interfaces (e.g. desktop computers), where, as explained above, simple approaches are efficient and provide maximum flexibility to the user. In this project, I focused on an extreme case: when the user does not have access to a monitor and the system only provides spoken information. Because in such a case, GUI-based approaches cannot be applied, there is a greater need for explicitly interactive IR.
General Architecture of the System

The approach I propose uses previous work on Spoken Dialogue Systems to create a dialogue-based web search system in order to explore different search strategies.

The system is composed of 6 modules, which are shown in Figure 1 and described in more details in the next 6 subsections.
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Figure 1. Architecture of the EUREKA system
1.1 Text Console 
This is a user interface that simply accepts typed input from the user and passes it to the parser. It replaces the speech recognizer used in spoken dialogue systems. Ultimately, full spoken dialogue for web search is desirable but since the training of an open-domain user-independent speech recognizer is a very time- and resource-consuming task and that it inevitably introduces uncertainty and errors in the user input, I did not try to use speech recognition in this project.
1.2 Parser
 This module converts the input string into an internal representation understandable by the other modules. In traditional dialogue systems, the vocabulary and syntax associated with the task are limited and are often fully specified in a lexicon and a context-free grammar. In this case however, the lexicon cannot be fully specified in advance since we want the user to be able to perform open-domain queries. Thus, the task vocabulary is not only very large but also constantly increasing, since it includes for example names of persons, places or companies. In this context, fully natural language queries are often very ambiguous. For instance, if the user submits the query “I want a page on spin-offs from CMU”, it can mean a page from the CMU web site concerning spin-offs or a page from anywhere concerning spin-offs created by CMU researchers. Practically, the difficulty comes from the fact that, even if we can describe the “carrier sentences” that people use to submit queries (e.g. “I want a page on…”), since we do not know the vocabulary, let alone the syntax, of open-domain queries, we cannot easily determine what part of the sentence is the carrier, and which part is the query. Although this in itself, is an interesting NLP challenge, in the context of this short project, I used a much simpler approach by dropping some assumptions of naturalness. I wrote a parser that understands three types of input: a keyword, a keyword followed by a query, a query alone. The list of keywords is given to the parser and for each input, if the first word appears in the list, it is parsed as a keyword, and the rest (if present) as a query. If the first word is not a keyword, the whole input is considered as a query and sent as-is to the Dialogue Manager.
1.3 Dialogue Manager (DM)

 The role of the DM is to decide the next system action based on the current state of the dialogue and the last user utterance. I used RavenClaw, a generic dialogue management framework developed at CMU based on the CMU Communicator[2]. The core of RavenClaw is a task-independent engine that “runs” a dialogue according to a hierarchical task specification. Therefore, for this project I only had to write the task specification. The task is defined as a tree of agent, each leaf agent taking care of one of four elementary dialogue actions: informing the user, requesting information from the user, expecting information from the user (without requesting it explicitly) and performing task-specific actions (e.g. sending a query to the web search engine). Non-terminal nodes of the task tree are called agencies and give structure to the task. Information in RavenClaw is stored in concepts that are attached to agencies. Task tree specification is done using a set of C++ macros that define a pseudo-declarative language. A description of the specific tasks defined in this project is given in sections 3 and 4.
1.4 Backend

This is a web scraper that receives requests from the DM, sends them to a web search engine and converts the result into an internal representation (a concept, see previous subsection) before sending it back to the DM. I used Vivisimo as search engine since it not only provides a ranked list of documents but also clusters them hierarchically and labels the clusters with representative keywords, which, as we will see in the next sections, is useful to conduct query refinement dialogues. The DM can ask the backend to: submit a new query to Vivisimo, get the list of retrieved documents, get the list of clusters, get the documents and subclusters of a specific cluster, and get the summary of a document (if available).
1.5 Natural Language Generator

 This converts the internal representation of a system utterance into natural English. I reused a module implemented in various spoken-dialogue systems at CMU that performs template-based NLG. I manually wrote the templates describing the “carrier sentences” used by the system, whereas the query-dependent parts were filled in dynamically, according to results from the Backend (e.g. “I found <number_of_results> documents for <query>.”).
1.6 Text-To-Speech (TTS)

This is a speech synthesizer converts the English text generated by the NLG into speech. I used Festival with a domain-independent HMM-based voice.
1.7 Connecting the modules

Finally, all these different modules are organized in the Galaxy-II framework, a free multi-agent framework designed for spoken dialogue systems. Individual modules send and receive messages through a hub whose behavior is specified by a text file containing rules to convey messages from one module to another.
Baseline System

I first designed a simple system (the “baseline” system) in which gets an initial query from the user, lets the user navigate sequentially through the list of retrieved documents, and eventually at any point gets a new query from the user and restart the process. Initially, the user is prompted to type in a query, which is then sent as-is to the backend. The system then reads the titles of the first three documents and the user can either select a document (by typing in its number), or type “more” to hear the titles of the next three documents (later the user can also type “back” to hear previous documents again). Once the user selected a page based on its title, the system proposes to read a short summary of the page and asks the user if she is satisfied with the retrieved page. If the user answers “yes”, the system offers to submit a different query (in this project, I made the simplifying assumption that users were looking for the first page relevant to their query). If the user is not satisfied, the list of documents is again presented to the user. In a real situation where no display is available, once a document is selected the system should switch to a voice browser that reads the page to the user. In my experiments, I simplified (and shortened) this last phase by showing the web page directly to the users in Internet Explorer (since they were using a laptop computer).
	S: 
What are you looking for?
U: 
Michael Jordan’s home page
S:
Okay, let me look that up…
S:
I found 20 documents matching Michael Jordan’s homepage.
        Type in the number of the document you want to select or type more.
S:
1) Michael Jordan Official Website, 2) This is Jordan’s WWW webpage,
3) Michael I. Jordan’s homepage. More?
U: 
3
S:
Do you want a summary of this page?
U:
Yes
S:
…


Figure 2. Example of a dialogue with the baseline system.
Dialogue-Rich Approach (the EUREKA system)
In order to evaluate the impact of investing time and effort in designing more complex dialogues for web search, I created a second system (hereafter referred to as the EUREKA system) that has two additional features compared to the baseline, described in the next two subsections.
1.8 Query type identification

The system identifies if the user is looking for a specific page she knows about (e.g. looking for someone or some company’s home page) or if she is looking for general information on a topic. These categories correspond to navigational and informational queries in Broder’s taxonomy of web search[1]. I did not attempt to address the third type of queries that Broder defines, transactional queries, which, by nature are much harder to evaluate. First, the system tries to guess query type based on key phrases in the user input. For example if the user query contains “homepage” or “web site”, the system assumes the user is looking for a specific page. On the other hand, if the query contains, “information on” or “pages about”, the system assumes it is a purely informational query. If the system cannot find key phrases in the query, it asks the user “Are you looking for …’s home page?” where the blank is filled with the user query, and defines query type according to the answer. Once query type has been determined, the system strips the query of query type-related key phrases. 

Then, if the query was navigational, the system adds optional key phrases such as “homepage”, “home page”, “web site”, etc. The fact of removing user-specified key phrases and adding them all afterwards has the potential advantage of bridging the vocabulary gap between the user and the target page. For instance the user might ask for someone’s “homepage” where the target page does not actually contain the keyword “homepage” but contains “home page”. The system sends the query to the backend and filters the resulting page list so as to only keep the pages whose title contain the query terms (minus the key phrases). This is based on the idea that most people’s or companies’ home page contain the name of the person or company in the title. The goal of this filtering is to increase precision and therefore to reduce the length of the result list and the need for browsing.
If the query is informational, the system sends it stripped of key phrases but without further modifications and do not filter the results since informational query results are more diverse and cannot be characterized as home pages can.

1.9 Query refinement
Once a list of retrieved (and filtered) pages was obtained, the system identifies the cluster(s) to which each page belongs (in Vivisimo, pages can belong to zero, one, or more clusters). If the whole set of pages belongs to the same cluster (or to no cluster at all), the set is presented to the user in sequential order as in the baseline system (see Section 3).

If the set covered documents from two or more clusters, the system selects the three top-level clusters that contain the most documents and asks the user to select one of the clusters, none, or all of them to pursue the search. In the case of navigational queries, this is done by asking “Is … more related to 1)…, 2)…, 3)…, 4) none, or 5) all of them?” and in the case of informational queries, “Are you more interested in 1)…, 2)…, 3)…, 4) none, or 5) all of them?”. Once a cluster has been selected, the list of pages belonging to that cluster is presented to the user in sequence.
Finally, as for the baseline, once the user selects a page, she is asked if she wants a summary of it and, after being presented the page in Internet Explorer, if she is satisfied with the page. If the user is not satisfied, the system starts the search again, asking which cluster the user wants to explore, as above.
	S: 
What are you looking for?
U: 
Michael Jordan’s home page
S:
Okay, let me look that up…
S:
Is Michael Jordan more related to 1) NBA,
2) Science, 3) Players, 4) none or 
        5) all of them?
U: 
2
S:
I found 3 potential results: 1) Michael Jordan official web site, 
        2) Michael Jordan, and 3) Michael I. Jordan’s Home Page.
U:
3
S:
Do you want a summary of this page?
U:
Yes
S:
…


Figure 3. Example of a dialogue with the EUREKA system.
Experiment

1.10 Description
In order to evaluate both the feasibility of speech output-based web search and the impact of richer dialogue strategies, I conducted an experiment on 8 subjects, all students or faculty members of the LTI. Each subject was given two sets of topics, each set containing two navigational topics and three informational topics taken from the TREC 2002 Distillation Topics (the two sets are given in Appendix A).
Subjects were asked to use the baseline system to retrieve a page relevant to topics of one set and the EUREKA system for topics of the other set. Relevance judgments were left to the sole appreciation of the subject. The order of presentation of the sets, as well as the system used for a given set were varied across subjects so as to limit the impact of the differences in topic difficulty and of the order of presentation. Although subjects were given one free topic to practice with the first system they were presented to, in order for them to get used to the quality of speech synthesis and the means of interaction, it is expected that independently of which system they use, subjects are likely to perform better late in the experiment than earlier in the experiment. Finally, at the end of the experiment, subjects were given a 3-question survey on their experience with both systems and their preferences (the survey is given in Appendix B).
1.11 Results on objective measures

In order to evaluate the performance of both systems, I first measured the success rate of each user with each system. A topic is considered failed when the user after trying approximately 3 times to get a result, could not find a relevant page. Figure 4 shows the success rate of each subject on both systems. The average rate is close to 80% and is not significantly different between the two systems. 
To further refine my analysis, I computed the number of turns necessary to get the relevant document for successful topics. The number of turns of a dialogue is defined as the number of input “sentences” by the user (sentences can be a single digit, “yes” or even “repeat” for example). Results are shown in Figure 5. Again results are not statistically significant, although there is a trend towards the EUREKA system taking more turns to reach a result than the baseline. 

To characterize the behavior of the system on different topics, the number of dialogue turns was also averaged by topic, across subjects. Results are shown in Figure 6. The average dialogue length is 6.63 turns for the baseline and 8.08 for EUREKA. The difference is not statistically significant.
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Figure 4. Success rate of each subject using the baseline system and the EUREKA system.
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Figure 5. Average number of dialogue turns for successful topics for both systems.
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Figure 6. Number of dialogue turns for each topic averaged across users of the baseline and EUREKA system.

Finally, in order to assess the effect of presentation order, I computed for each subject the average number of dialogue turns taken to complete topics of the first set the subject was given and for topics of the second set, in chronological order, regardless of what the topics were or which system was used. Results are given in 
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Figure 7. Average number of turns for topics of the first and second set each user was presented with.
1.12 Results on subjective measures

After completing the two sets of topics, subjects were asked, for each of the systems, to rate their agreement with two statements: “I could find the pages I was looking for.” and “The system was easy to use.”. They had to tell if, for themselves, each statement was very false, somewhat false, somewhat true, or very true. Results for the first statement are given in Figure 8, and those for the second statement in Figure 9. Finally subjects were asked which system they preferred. Results are shown in Figure 10.

[image: image2]
Figure 8. Subjects' agreement with the statement "I could find the pages I was looking for." for the baseline and EUREKA systems.


[image: image3]
Figure 9. Subjects' agreement with the statement "The system was easy to use." for the baseline and EUREKA systems.
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Discussion
The first result of this project is that web search for very low bandwidth interfaces can be achieved using available information retrieval and natural language dialogue technology. The success rate of 80% on this experiment is encouraging since the systems described here could be improved at least in terms of “user friendliness” by spending more time on their design (e.g. choice of user keywords, system utterances, adding help prompts…).

The differences in objective measures across subjects and systems can be seen as the consequence of at least three factors:

· the ability of the system to provide relevant results

· the ability of the subject to formulate an effective query for each topic

· the harshness of the relevance criteria used by each subject

It is therefore hazardous to make any cross-subject comparison. However intra-subject comparisons can be done and show that there is no significant difference in success rate when using one system or the other, both in terms of success rate and dialogue length. This lack of significance is a consequence of the small sample used for this experiment combined with the similarity between the two systems.
The trend towards longer dialogues with EUREKA can be partly explained by the fact that this system tends to ask for explicit query type specification which systematically adds one turn to the dialogue. Also, when looking at Figure 6, it appears that the difference between the two systems is reverse for “easy” topics (those that require fewer turns, at the left end of the graph) than for “hard” topics (at the right end of the graph). This result is not surprising since, for easy topics, one can expect both the user and the system to perform well at getting a relevant page ranked close to the top of the list (this is particularly true for navigational topics for which web search engines perform remarkably well). When good results are ranked high, it is more efficient to simply browse through the whole list, rather than ask additional questions to refine the query. On the other hand, for hard topics, relevant pages might be far down the list, in which case refining the query through dialogue might be more efficient than sequentially browsing through it. This observation indicates that it is not enough to add complex dialogue strategies but that the system must be able to trigger them when they are most appropriate. How to make these decisions is an open research issue.
The results of the survey show trends opposite to the objective measures, that is, in favor of the more complex strategies of the EUREKA system. This can be explained by the fact that, at least for some users, a seemingly “intelligent” dialogue system is more attractive than one that uses straightforward strategies, regardless of how efficient these systems actually are. A more thorough study should be done where subjects use the different systems over a longer period of time (e.g. several weeks) so that they can judge their actual usability and usefulness.
Finally, as with any complex system, it is difficult to establish which module has the most impact on the overall quality. Hence, several subjects mentioned the fact that they sometimes had a hard time understanding speech synthesis. This was in particular true for very short utterances, such as the name of the clusters, which are often single words. This issue might be one more explanation for the difference in dialogue length between the baseline and EUREKA (many turns are indeed “Repeat”, reflecting the difficulty to understand synthesized utterances).
Conclusion
In this project, I built two dialogue systems for web search in the case where the user can input text to the system but only receives speech. The user study showed that reasonable performance (80% success rate) was achieved on a set of navigational and informational topics with systems developed in a short amount of time. Although, due to the small number of subjects, no statistically significant results could be found, some trends appear from the data. On average, the more complex EUREKA system is not more efficient than the baseline list browsing approach. A more detailed analysis showed that performance gain actually depends on topic difficulty: for simple topics, the browsing approach is more efficient whereas for more difficult topics, for which the system is less likely to get relevant documents highly ranked given the user query, the EUREKA system performed better. An analysis of a post-experiment survey showed that subjects tended to prefer the EUREKA system. The main possible extension of this work is to design ways to select the correct search strategy. More strategies could then be developed eventually based on dedicated IR modules instead of using a readily available search engine.
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Appendix A

Topic Set I
1) Home Pages

a) The LTI’s home page
b) Michael Jordan (the researcher)
2) Information Pages

a) Intellectual property

Find documents related to laws or regulations that protect intellectual property.

Relevant documents describe legislation or federal regulations that

protect authors or composers from copyright infringement, or from

piracy of their creative work. These regulations may also be related

to fair use or to encryption.

b) Foods for cancer patients

Find foods good for cancer patients.

Relevant documents cover foods, types of foods, and diets that

contribute to the recovery of cancer patients. Information may serve

consumers, nutritionists, or medical personnel. Exclude pages covering

foods to prevent cancer. 

c) Federal funding mental illness

How much does the federal government spend on mental health, and to

what entities does the funding go?

Relevant documents state the entities to which the government

directs funding for mental health and/or how much money is

allocated. State spending on mental health is not relevant, unless

that money came from the federal government. Calls for proposals for

grants are not relevant. Standards for grantees are not relevant.

Topic Set II
1) Home Pages

a) Alan Black (from LTI)

b) Antoine Raux

2) Information Pages

a) Home buying

How does one find and apply for mortgages and buy a first home?

Relevant documents school the reader in buying a home and obtaining a

mortgage.  Documents referring to obtaining low-cost housing but not

buying a home do not qualify.

b) Criteria obtain U.S. visa

What criteria does the Immigration and Naturalization Service use to

approve visa applications from foreign nationals?

Relevant documents come from the U.S. government stating policy

on requirements for foreign nationals requesting U.S. visas to receive

approval. Documents from U.S. consulates abroad or foreign governments

are not relevant. How U.S. citizens can obtain visas for travel abroad

are not relevant.

c) Federal food purchasing

For what purposes does the federal government purchase food?

Relevant documents state the agency or entity for which the

federal government purchases food and the purposes for which it is

used. Documents regarding state purchasing of food are not relevant.

Documents informing farmers on how to apply for government purchase of

commodities are not relevant unless they state the purpose for which

the government would purchase those commodities.

Appendix B

Survey
I could find the pages I was looking for.

System 1:      very true
somewhat true

somewhat false
very false

System 2:      very true
somewhat true

somewhat false
very false

The system was easy to use

System 1:      very true
somewhat true

somewhat false
very false

System 2:      very true
somewhat true

somewhat false
very false

Did you prefer:
Strongly System 1
Somewhat System 1
Somewhat System 2
Strongly System 2

No preference
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		Standard

				Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I-HP-a		I		HP		a		0.75		0.75		0		6		6.6666666667		-0.1111111111

		I-HP-b		I		HP		b		1		0.75		-0.25		5.5		5		0.0909090909

		I-INFO-a		I		INFO		a		1		0.75		-0.25		5.6666666667		6		-0.0588235294

		I-INFO-b		I		INFO		b		0.75		1		0.3333333333		3		8.5		-1.8333333333

		I-INFO-c		I		INFO		c		0.75		1		0.3333333333		10.6666666667		8.25		0.2265625

		II-HP-a		II		HP		a		1		1		0		4.5		7		-0.5555555556

		II-HP-b		II		HP		b		0.75		0.75		0		5.3333333333		4.3333333333		0.1875

		II-INFO-a		II		INFO		a		1		0.6666666667		-0.3333333333		5.5		6		-0.0909090909

		II-INFO-b		II		INFO		b		0.75		0.25		-0.6666666667		6.6666666667		9		-0.35

		II-INFO-c		II		INFO		c		0.5		0.5		0		15		12		0.2

																3.4863490401		2.2429760048

																0.2049541737

		Normalized

		Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I		HP		a		0.9126984127		1.3293650794		0.4565217391		0.6067758033		0.925363403		-0.5250499408

		I		HP		b		1.3293650794		0.9126984127		-0.3134328358		0.6860256521		0.4533871948		0.339110435

		I		INFO		a		1.3333333333		0.6666666667		-0.5		0.8013265182		0.5742971888		0.2833168806

		I		INFO		b		0.9126984127		0.2777777778		-0.6956521739		0.3035080651		0.3970588235		-0.3082315405

		I		INFO		c		0.9722222222		0.6944444444		-0.2857142857		1.1127149962		0.6653282948		0.4020676481

		II		HP		a		1.3125		1		-0.2380952381		0.6358123403		0.7299653158		-0.1480829634

		II		HP		b		0.8125		0.8125		0		0.5544176707		0.5704819277		-0.0289750091

		II		INFO		a		1.3125		0.8125		-0.380952381		0.8009948886		0.6707228916		0.1626377383

		II		INFO		b		0.8125		1.3125		0.6153846154		0.6963253012		1.2607192406		-0.8105320005

		II		INFO		c		0.5		1.3125		1.625		1.0768072289		1.2537531946		-0.1643246451

														0.7274708465		0.7501077475		-0.0798063397

																14.7757859398





Order

		

		Subject		First Set		Second Set

		ME		1.2		0.8

		KP		1.2068965517		0.7931034483

		DB		1.0131578947		0.9824561404

		BC		1.2048192771		0.7951807229

		MM		1.1111111111		0.8333333333

		CB		1.2328767123		0.8136986301

		AT		0.8823529412		1.1470588235

		JZ		0.8333333333		1.1666666667

				1.0855684777		0.9164372206

				0.157910637		0.1608428937

		Subject		First Set		Second Set

		ME		7.5		5		1.5

		KP		11.6666666667		7.6666666667		1.5217391304

		DB		8.25		8		1.03125

		BC		10		6.6		1.5151515152

		MM		7.3333333333		5.5		1.3333333333

		CB		10		6.6		1.5151515152

		AT		5		6.5		0.7692307692

		JZ		5		7		0.7142857143

				8.09375		6.6083333333		1.2375177472

				0.002941592





Normalized

								Success Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1.25		1.25		1.25		1.25		1.25		0		0.8333333333		1

		KP		E-C		2-1		0		1.6666666667		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0.9523809524		1.1428571429

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		2		0		0		0.6666666667		0.8

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

				C-E		2-1		1		1		1		1		1		1		1		1

								Success Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1.25		0.625		1.25		1.25		1.25		1.25		1

		KP		E-C		2-1		1.6666666667		0		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0		0.4761904762		0.8571428571

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		0		2		2		1.3333333333		1.2

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		1.1111111111		0.7407407407		0.8888888889

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		0.7407407407		0.8888888889

		JZ		C-E		2-1		1		1		1		1		1		1		1		1

								Turns Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0.64		0.8		0.72		0.8		0.96		0		0.88		0.8		3.2

		KP		E-C		2-1		0		0.9310344828		0.9310344828		1.0344827586		0		0.4137931034		0.724137931		0.7931034483		2.3793103448

		DB		C-E		1-2		1.2280701754		0.6140350877		0.9210526316		1.7192982456		0.4912280702		0		1.1052631579		1.0131578947		4.0526315789

		BC		C-E		2-1		0.9638554217		1.0843373494		1.0240963855		0.843373494		1.3253012048		1.8072289157		1.3253012048		1.2048192771		6.0240963855

		MM		E-C		1-2		0.6060606061		0		0.6060606061		1.0606060606		0		0		1.0606060606		0.8333333333		1.6666666667

		CB		E-C		2-1		0.4931506849		0.4931506849		0.4931506849		0.6164383562		0.3698630137		2.095890411		1.0273972603		0.8136986301		4.0684931507

		AT		C-E		1-2		0.7058823529		0.7058823529		0.7058823529		0.7058823529		0.3529411765		1.9411764706		1		0.8823529412		4.4117647059

		JZ		C-E		2-1		0.3333333333		0.3333333333		0.3333333333		0.5		0.5		2.5		1.1666666667		0.8333333333		4.1666666667

								Turns Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		0.8		0.8		0.96		0.96		2.08		1.3333333333		1.2		4.8

		KP		E-C		2-1		0.6206896552		0		0.6206896552		1.4482758621		0		1.5517241379		1.5		1.2068965517		3.6206896552

		DB		C-E		1-2		0.9824561404		0.4912280702		0.7368421053		1.4736842105		0		0		1.4736842105		0.9824561404		2.9473684211

		BC		C-E		2-1		0.7228915663		0.4819277108		0.6024096386		0.7228915663		1.3253012048		0.7228915663		0.9236947791		0.7951807229		3.9759036145

		MM		E-C		1-2		1.3636363636		0		1.3636363636		0		0.7575757576		1.2121212121		0.9848484848		1.1111111111		3.3333333333

		CB		E-C		2-1		0.8630136986		0.6164383562		0.7397260274		2.3424657534		0		1.1095890411		1.7260273973		1.2328767123		4.9315068493

		AT		C-E		1-2		1.2352941176		0.7058823529		0.9705882353		1.0588235294		1.5882352941		0		1.3235294118		1.1470588235		4.5882352941

		JZ		C-E		2-1		0.8333333333		1		0.9166666667		1		2		1		1.3333333333		1.1666666667		5.8333333333
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Success

		ME		0.8

		KP		0.6

		DB		0.6

		BC		1

		MM		0.6

		CB		0.8

		AT		0.8

		JZ		1



Baseline

Eureka

Subject

Success Rate

0.8

0.6

0.8

1

0.4

1

1

1



Turns

		ME		ME

		KP		KP

		DB		DB

		BC		BC

		MM		MM

		CB		CB

		AT		AT

		JZ		JZ



Baseline

Eureka

Subject

Average Number of Dialog Turns Before Finding a Relevant Page
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Success Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1		1		1		1		1		0		0.6666666667		0.8

		KP		E-C		2-1		0		1		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		1		0		0		0.3333333333		0.4

		CB		E-C		2-1		1		1		1		1		1		1		1		1

		AT		C-E		1-2		1		1		1		1		1		1		1		1

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





Success Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1		0.5		1		1		1		1		0.8

		KP		E-C		2-1		1		0		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		0		0		0.3333333333		0.6

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		0		1		1		0.6666666667		0.6

		CB		E-C		2-1		1		1		1		1		0		1		0.6666666667		0.8

		AT		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





NB Turns Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		4		5		4.5		5		6				5.5		5

		KP		E-C		2-1				9		9		10				4		7		7.6666666667

		DB		C-E		1-2		10		5		7.5		14		4				9		8.25

		BC		C-E		2-1		8		9		8.5		7		11		15		11		10

		MM		E-C		1-2		4				4		7						7		5.5

		CB		E-C		2-1		4		4		4		5		3		17		8.3333333333		6.6

		AT		C-E		1-2		4		4		4		4		2		11		5.6666666667		5

		JZ		C-E		2-1		2		2		2		3		3		15		7		5





NB Turns Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2				5		5		6		6		13		8.3333333333		7.5

		KP		E-C		2-1		6				6		14				15		14.5		11.6666666667

		DB		C-E		1-2		8		4		6		12						12		8

		BC		C-E		2-1		6		4		5		6		11		6		7.6666666667		6.6

		MM		E-C		1-2		9				9				5		8		6.5		7.3333333333

		CB		E-C		2-1		7		5		6		19				9		14		10

		AT		C-E		1-2		7		4		5.5		6		9				7.5		6.5

		JZ		C-E		2-1		5		6		5.5		6		12		6		8		7





Survey

				I could find the pages I was looking for				The system was easy to use				Preference

				Control		Eureka		Control		Eureka		(1=Eureka, 5=Control)

		ME		2		1		2		2		3		3

		KP		2		2		1		1		2		3

		DB		2		2		3		3		2		3

		BC		1		1		2		1		1		3

		MM		3		3		2		2		3		3

		CB		1		2		1		1		2		3

		AT		1		2		1		1		4		3

		JZ		2		1		2		1		2		3

				1.75		1.75		1.75		1.5		2.375

												0.9161253813

								0.0852353304		0.0370864335

		Histograms

		1		Very True		3		3		3		5		Strongly Prefer Eureka		1

		2		Somewhat True		4		4		4		2		Somewhat Prefer Eureka		4

		3		Somewhat False		1		1		1		1		No Preferences		2

		4		Very False		0		0		0		0		Somewhat Prefer Baseline		1

		5												Strongly Prefer Baseline		0
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Users

		

		Subject		Avg Success		Avg Turns

		ME		0.8		6.25

		KP		0.6		9.6666666667

		DB		0.7		8.1428571429

		BC		1		8.3

		MM		0.5		6.6

		CB		0.9		8.1111111111

		AT		0.9		5.6666666667

		JZ		1		6





Topic Turns

		II-HP-b		II-HP-b

		I-HP-b		I-HP-b

		I-INFO-a		I-INFO-a

		II-INFO-a		II-INFO-a

		I-HP-a		I-HP-a

		II-HP-a		II-HP-a

		I-INFO-c		I-INFO-c

		I-INFO-b		I-INFO-b

		II-INFO-b		II-INFO-b

		II-INFO-c		II-INFO-c



Baseline

Eureka

Topic

Average Number of Turns Before Finding Relevant Page

5.3333333333

4.3333333333

5.5

5

5.6666666667

6

5.5

6

6

6.6666666667
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7

10.6666666667

8.25

3

8.5

6.6666666667

9

15

12



Topics

		Standard

				Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I-HP-a		I		HP		a		0.75		0.75		0		6		6.6666666667		-0.1111111111

		I-HP-b		I		HP		b		1		0.75		-0.25		5.5		5		0.0909090909

		I-INFO-a		I		INFO		a		1		0.75		-0.25		5.6666666667		6		-0.0588235294

		I-INFO-b		I		INFO		b		0.75		1		0.3333333333		3		8.5		-1.8333333333

		I-INFO-c		I		INFO		c		0.75		1		0.3333333333		10.6666666667		8.25		0.2265625

		II-HP-a		II		HP		a		1		1		0		4.5		7		-0.5555555556

		II-HP-b		II		HP		b		0.75		0.75		0		5.3333333333		4.3333333333		0.1875

		II-INFO-a		II		INFO		a		1		0.6666666667		-0.3333333333		5.5		6		-0.0909090909

		II-INFO-b		II		INFO		b		0.75		0.25		-0.6666666667		6.6666666667		9		-0.35

		II-INFO-c		II		INFO		c		0.5		0.5		0		15		12		0.2

																3.4863490401		2.2429760048

																0.2049541737

		Normalized

		Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I		HP		a		0.9126984127		1.3293650794		0.4565217391		0.6067758033		0.925363403		-0.5250499408

		I		HP		b		1.3293650794		0.9126984127		-0.3134328358		0.6860256521		0.4533871948		0.339110435

		I		INFO		a		1.3333333333		0.6666666667		-0.5		0.8013265182		0.5742971888		0.2833168806

		I		INFO		b		0.9126984127		0.2777777778		-0.6956521739		0.3035080651		0.3970588235		-0.3082315405

		I		INFO		c		0.9722222222		0.6944444444		-0.2857142857		1.1127149962		0.6653282948		0.4020676481

		II		HP		a		1.3125		1		-0.2380952381		0.6358123403		0.7299653158		-0.1480829634

		II		HP		b		0.8125		0.8125		0		0.5544176707		0.5704819277		-0.0289750091

		II		INFO		a		1.3125		0.8125		-0.380952381		0.8009948886		0.6707228916		0.1626377383

		II		INFO		b		0.8125		1.3125		0.6153846154		0.6963253012		1.2607192406		-0.8105320005

		II		INFO		c		0.5		1.3125		1.625		1.0768072289		1.2537531946		-0.1643246451

														0.7274708465		0.7501077475		-0.0798063397

																14.7757859398





Order

		

		Subject		First Set		Second Set

		ME		1.2		0.8

		KP		1.2068965517		0.7931034483

		DB		1.0131578947		0.9824561404

		BC		1.2048192771		0.7951807229

		MM		1.1111111111		0.8333333333

		CB		1.2328767123		0.8136986301

		AT		0.8823529412		1.1470588235

		JZ		0.8333333333		1.1666666667

				1.0855684777		0.9164372206

				0.157910637		0.1608428937

		Subject		First Set		Second Set

		ME		7.5		5		1.5

		KP		11.6666666667		7.6666666667		1.5217391304

		DB		8.25		8		1.03125

		BC		10		6.6		1.5151515152

		MM		7.3333333333		5.5		1.3333333333

		CB		10		6.6		1.5151515152

		AT		5		6.5		0.7692307692

		JZ		5		7		0.7142857143

				8.09375		6.6083333333		1.2375177472

				0.002941592





Normalized

								Success Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1.25		1.25		1.25		1.25		1.25		0		0.8333333333		1

		KP		E-C		2-1		0		1.6666666667		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0.9523809524		1.1428571429

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		2		0		0		0.6666666667		0.8

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

				C-E		2-1		1		1		1		1		1		1		1		1

								Success Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1.25		0.625		1.25		1.25		1.25		1.25		1

		KP		E-C		2-1		1.6666666667		0		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0		0.4761904762		0.8571428571

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		0		2		2		1.3333333333		1.2

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		1.1111111111		0.7407407407		0.8888888889

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		0.7407407407		0.8888888889

		JZ		C-E		2-1		1		1		1		1		1		1		1		1

								Turns Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0.64		0.8		0.72		0.8		0.96		0		0.88		0.8		3.2

		KP		E-C		2-1		0		0.9310344828		0.9310344828		1.0344827586		0		0.4137931034		0.724137931		0.7931034483		2.3793103448

		DB		C-E		1-2		1.2280701754		0.6140350877		0.9210526316		1.7192982456		0.4912280702		0		1.1052631579		1.0131578947		4.0526315789

		BC		C-E		2-1		0.9638554217		1.0843373494		1.0240963855		0.843373494		1.3253012048		1.8072289157		1.3253012048		1.2048192771		6.0240963855

		MM		E-C		1-2		0.6060606061		0		0.6060606061		1.0606060606		0		0		1.0606060606		0.8333333333		1.6666666667

		CB		E-C		2-1		0.4931506849		0.4931506849		0.4931506849		0.6164383562		0.3698630137		2.095890411		1.0273972603		0.8136986301		4.0684931507

		AT		C-E		1-2		0.7058823529		0.7058823529		0.7058823529		0.7058823529		0.3529411765		1.9411764706		1		0.8823529412		4.4117647059

		JZ		C-E		2-1		0.3333333333		0.3333333333		0.3333333333		0.5		0.5		2.5		1.1666666667		0.8333333333		4.1666666667

								Turns Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		0.8		0.8		0.96		0.96		2.08		1.3333333333		1.2		4.8

		KP		E-C		2-1		0.6206896552		0		0.6206896552		1.4482758621		0		1.5517241379		1.5		1.2068965517		3.6206896552

		DB		C-E		1-2		0.9824561404		0.4912280702		0.7368421053		1.4736842105		0		0		1.4736842105		0.9824561404		2.9473684211

		BC		C-E		2-1		0.7228915663		0.4819277108		0.6024096386		0.7228915663		1.3253012048		0.7228915663		0.9236947791		0.7951807229		3.9759036145

		MM		E-C		1-2		1.3636363636		0		1.3636363636		0		0.7575757576		1.2121212121		0.9848484848		1.1111111111		3.3333333333

		CB		E-C		2-1		0.8630136986		0.6164383562		0.7397260274		2.3424657534		0		1.1095890411		1.7260273973		1.2328767123		4.9315068493

		AT		C-E		1-2		1.2352941176		0.7058823529		0.9705882353		1.0588235294		1.5882352941		0		1.3235294118		1.1470588235		4.5882352941

		JZ		C-E		2-1		0.8333333333		1		0.9166666667		1		2		1		1.3333333333		1.1666666667		5.8333333333
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Turns
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Success Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1		1		1		1		1		0		0.6666666667		0.8

		KP		E-C		2-1		0		1		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		1		0		0		0.3333333333		0.4

		CB		E-C		2-1		1		1		1		1		1		1		1		1

		AT		C-E		1-2		1		1		1		1		1		1		1		1

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





Success Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1		0.5		1		1		1		1		0.8

		KP		E-C		2-1		1		0		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		0		0		0.3333333333		0.6

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		0		1		1		0.6666666667		0.6

		CB		E-C		2-1		1		1		1		1		0		1		0.6666666667		0.8

		AT		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





NB Turns Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		4		5		4.5		5		6				5.5		5

		KP		E-C		2-1				9		9		10				4		7		7.6666666667

		DB		C-E		1-2		10		5		7.5		14		4				9		8.25

		BC		C-E		2-1		8		9		8.5		7		11		15		11		10

		MM		E-C		1-2		4				4		7						7		5.5

		CB		E-C		2-1		4		4		4		5		3		17		8.3333333333		6.6

		AT		C-E		1-2		4		4		4		4		2		11		5.6666666667		5

		JZ		C-E		2-1		2		2		2		3		3		15		7		5





NB Turns Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2				5		5		6		6		13		8.3333333333		7.5

		KP		E-C		2-1		6				6		14				15		14.5		11.6666666667

		DB		C-E		1-2		8		4		6		12						12		8

		BC		C-E		2-1		6		4		5		6		11		6		7.6666666667		6.6

		MM		E-C		1-2		9				9				5		8		6.5		7.3333333333

		CB		E-C		2-1		7		5		6		19				9		14		10

		AT		C-E		1-2		7		4		5.5		6		9				7.5		6.5

		JZ		C-E		2-1		5		6		5.5		6		12		6		8		7





Survey

				I could find the pages I was looking for				The system was easy to use				Preference

				Control		Eureka		Control		Eureka		(1=Eureka, 5=Control)

		ME		2		1		2		2		3		3

		KP		2		2		1		1		2		3

		DB		2		2		3		3		2		3

		BC		1		1		2		1		1		3

		MM		3		3		2		2		3		3

		CB		1		2		1		1		2		3

		AT		1		2		1		1		4		3

		JZ		2		1		2		1		2		3

				1.75		1.75		1.75		1.5		2.375

												0.9161253813

								0.0852353304		0.0370864335

		Histograms

		1		Very True		3		3		3		5		Strongly Prefer Eureka		1

		2		Somewhat True		4		4		4		2		Somewhat Prefer Eureka		4

		3		Somewhat False		1		1		1		1		No Preferences		2

		4		Very False		0		0		0		0		Somewhat Prefer Baseline		1

		5												Strongly Prefer Baseline		0
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Users

		

		Subject		Avg Success		Avg Turns

		ME		0.8		6.25

		KP		0.6		9.6666666667

		DB		0.7		8.1428571429

		BC		1		8.3

		MM		0.5		6.6

		CB		0.9		8.1111111111

		AT		0.9		5.6666666667

		JZ		1		6





Topic Turns

		II-HP-b		II-HP-b

		I-HP-b		I-HP-b

		I-INFO-a		I-INFO-a

		II-INFO-a		II-INFO-a

		I-HP-a		I-HP-a

		II-HP-a		II-HP-a

		I-INFO-c		I-INFO-c

		I-INFO-b		I-INFO-b

		II-INFO-b		II-INFO-b

		II-INFO-c		II-INFO-c



Baseline

Eureka

Topic

Average Number of Turns Before Finding Relevant Page

5.3333333333
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15
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Topics

		Standard

				Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I-HP-a		I		HP		a		0.75		0.75		0		6		6.6666666667		-0.1111111111

		I-HP-b		I		HP		b		1		0.75		-0.25		5.5		5		0.0909090909

		I-INFO-a		I		INFO		a		1		0.75		-0.25		5.6666666667		6		-0.0588235294

		I-INFO-b		I		INFO		b		0.75		1		0.3333333333		3		8.5		-1.8333333333

		I-INFO-c		I		INFO		c		0.75		1		0.3333333333		10.6666666667		8.25		0.2265625

		II-HP-a		II		HP		a		1		1		0		4.5		7		-0.5555555556

		II-HP-b		II		HP		b		0.75		0.75		0		5.3333333333		4.3333333333		0.1875

		II-INFO-a		II		INFO		a		1		0.6666666667		-0.3333333333		5.5		6		-0.0909090909

		II-INFO-b		II		INFO		b		0.75		0.25		-0.6666666667		6.6666666667		9		-0.35

		II-INFO-c		II		INFO		c		0.5		0.5		0		15		12		0.2

																3.4863490401		2.2429760048

																0.2049541737

		Normalized

		Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I		HP		a		0.9126984127		1.3293650794		0.4565217391		0.6067758033		0.925363403		-0.5250499408

		I		HP		b		1.3293650794		0.9126984127		-0.3134328358		0.6860256521		0.4533871948		0.339110435

		I		INFO		a		1.3333333333		0.6666666667		-0.5		0.8013265182		0.5742971888		0.2833168806

		I		INFO		b		0.9126984127		0.2777777778		-0.6956521739		0.3035080651		0.3970588235		-0.3082315405

		I		INFO		c		0.9722222222		0.6944444444		-0.2857142857		1.1127149962		0.6653282948		0.4020676481

		II		HP		a		1.3125		1		-0.2380952381		0.6358123403		0.7299653158		-0.1480829634

		II		HP		b		0.8125		0.8125		0		0.5544176707		0.5704819277		-0.0289750091

		II		INFO		a		1.3125		0.8125		-0.380952381		0.8009948886		0.6707228916		0.1626377383

		II		INFO		b		0.8125		1.3125		0.6153846154		0.6963253012		1.2607192406		-0.8105320005

		II		INFO		c		0.5		1.3125		1.625		1.0768072289		1.2537531946		-0.1643246451

														0.7274708465		0.7501077475		-0.0798063397

																14.7757859398





Order

		

		Subject		First Set		Second Set

		ME		1.2		0.8

		KP		1.2068965517		0.7931034483

		DB		1.0131578947		0.9824561404

		BC		1.2048192771		0.7951807229

		MM		1.1111111111		0.8333333333

		CB		1.2328767123		0.8136986301

		AT		0.8823529412		1.1470588235

		JZ		0.8333333333		1.1666666667

				1.0855684777		0.9164372206

				0.157910637		0.1608428937

		Subject		First Set		Second Set

		ME		7.5		5		1.5

		KP		11.6666666667		7.6666666667		1.5217391304

		DB		8.25		8		1.03125

		BC		10		6.6		1.5151515152

		MM		7.3333333333		5.5		1.3333333333

		CB		10		6.6		1.5151515152

		AT		5		6.5		0.7692307692

		JZ		5		7		0.7142857143

				8.09375		6.6083333333		1.2375177472

				0.002941592





Normalized

								Success Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1.25		1.25		1.25		1.25		1.25		0		0.8333333333		1

		KP		E-C		2-1		0		1.6666666667		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0.9523809524		1.1428571429

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		2		0		0		0.6666666667		0.8

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

				C-E		2-1		1		1		1		1		1		1		1		1

								Success Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1.25		0.625		1.25		1.25		1.25		1.25		1

		KP		E-C		2-1		1.6666666667		0		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0		0.4761904762		0.8571428571

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		0		2		2		1.3333333333		1.2

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		1.1111111111		0.7407407407		0.8888888889

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		0.7407407407		0.8888888889

		JZ		C-E		2-1		1		1		1		1		1		1		1		1

								Turns Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0.64		0.8		0.72		0.8		0.96		0		0.88		0.8		3.2

		KP		E-C		2-1		0		0.9310344828		0.9310344828		1.0344827586		0		0.4137931034		0.724137931		0.7931034483		2.3793103448

		DB		C-E		1-2		1.2280701754		0.6140350877		0.9210526316		1.7192982456		0.4912280702		0		1.1052631579		1.0131578947		4.0526315789

		BC		C-E		2-1		0.9638554217		1.0843373494		1.0240963855		0.843373494		1.3253012048		1.8072289157		1.3253012048		1.2048192771		6.0240963855

		MM		E-C		1-2		0.6060606061		0		0.6060606061		1.0606060606		0		0		1.0606060606		0.8333333333		1.6666666667

		CB		E-C		2-1		0.4931506849		0.4931506849		0.4931506849		0.6164383562		0.3698630137		2.095890411		1.0273972603		0.8136986301		4.0684931507

		AT		C-E		1-2		0.7058823529		0.7058823529		0.7058823529		0.7058823529		0.3529411765		1.9411764706		1		0.8823529412		4.4117647059

		JZ		C-E		2-1		0.3333333333		0.3333333333		0.3333333333		0.5		0.5		2.5		1.1666666667		0.8333333333		4.1666666667

								Turns Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		0.8		0.8		0.96		0.96		2.08		1.3333333333		1.2		4.8

		KP		E-C		2-1		0.6206896552		0		0.6206896552		1.4482758621		0		1.5517241379		1.5		1.2068965517		3.6206896552

		DB		C-E		1-2		0.9824561404		0.4912280702		0.7368421053		1.4736842105		0		0		1.4736842105		0.9824561404		2.9473684211

		BC		C-E		2-1		0.7228915663		0.4819277108		0.6024096386		0.7228915663		1.3253012048		0.7228915663		0.9236947791		0.7951807229		3.9759036145

		MM		E-C		1-2		1.3636363636		0		1.3636363636		0		0.7575757576		1.2121212121		0.9848484848		1.1111111111		3.3333333333

		CB		E-C		2-1		0.8630136986		0.6164383562		0.7397260274		2.3424657534		0		1.1095890411		1.7260273973		1.2328767123		4.9315068493

		AT		C-E		1-2		1.2352941176		0.7058823529		0.9705882353		1.0588235294		1.5882352941		0		1.3235294118		1.1470588235		4.5882352941

		JZ		C-E		2-1		0.8333333333		1		0.9166666667		1		2		1		1.3333333333		1.1666666667		5.8333333333
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Success Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1		1		1		1		1		0		0.6666666667		0.8

		KP		E-C		2-1		0		1		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		1		0		0		0.3333333333		0.4

		CB		E-C		2-1		1		1		1		1		1		1		1		1

		AT		C-E		1-2		1		1		1		1		1		1		1		1

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





Success Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1		0.5		1		1		1		1		0.8

		KP		E-C		2-1		1		0		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		0		0		0.3333333333		0.6

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		0		1		1		0.6666666667		0.6

		CB		E-C		2-1		1		1		1		1		0		1		0.6666666667		0.8

		AT		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





NB Turns Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		4		5		4.5		5		6				5.5		5

		KP		E-C		2-1				9		9		10				4		7		7.6666666667

		DB		C-E		1-2		10		5		7.5		14		4				9		8.25

		BC		C-E		2-1		8		9		8.5		7		11		15		11		10

		MM		E-C		1-2		4				4		7						7		5.5

		CB		E-C		2-1		4		4		4		5		3		17		8.3333333333		6.6

		AT		C-E		1-2		4		4		4		4		2		11		5.6666666667		5

		JZ		C-E		2-1		2		2		2		3		3		15		7		5





NB Turns Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2				5		5		6		6		13		8.3333333333		7.5

		KP		E-C		2-1		6				6		14				15		14.5		11.6666666667

		DB		C-E		1-2		8		4		6		12						12		8

		BC		C-E		2-1		6		4		5		6		11		6		7.6666666667		6.6

		MM		E-C		1-2		9				9				5		8		6.5		7.3333333333

		CB		E-C		2-1		7		5		6		19				9		14		10

		AT		C-E		1-2		7		4		5.5		6		9				7.5		6.5

		JZ		C-E		2-1		5		6		5.5		6		12		6		8		7





Survey

				I could find the pages I was looking for				The system was easy to use				Preference

				Control		Eureka		Control		Eureka		(1=Eureka, 5=Control)

		ME		2		1		2		2		3		3

		KP		2		2		1		1		2		3

		DB		2		2		3		3		2		3

		BC		1		1		2		1		1		3

		MM		3		3		2		2		3		3

		CB		1		2		1		1		2		3

		AT		1		2		1		1		4		3

		JZ		2		1		2		1		2		3

				1.75		1.75		1.75		1.5		2.375

												0.9161253813

								0.0852353304		0.0370864335

		Histograms

		1		Very True		3		3		3		5		Strongly Prefer Eureka		1

		2		Somewhat True		4		4		4		2		Somewhat Prefer Eureka		4

		3		Somewhat False		1		1		1		1		No Preferences		2

		4		Very False		0		0		0		0		Somewhat Prefer Baseline		1

		5												Strongly Prefer Baseline		0
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Users

		

		Subject		Avg Success		Avg Turns

		ME		0.8		6.25

		KP		0.6		9.6666666667

		DB		0.7		8.1428571429

		BC		1		8.3

		MM		0.5		6.6

		CB		0.9		8.1111111111

		AT		0.9		5.6666666667

		JZ		1		6





Topic Turns

		II-HP-b		II-HP-b

		I-HP-b		I-HP-b

		I-INFO-a		I-INFO-a

		II-INFO-a		II-INFO-a

		I-HP-a		I-HP-a

		II-HP-a		II-HP-a

		I-INFO-c		I-INFO-c

		I-INFO-b		I-INFO-b

		II-INFO-b		II-INFO-b

		II-INFO-c		II-INFO-c



Baseline

Eureka

Topic

Average Number of Turns Before Finding Relevant Page

5.3333333333
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6
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15

12



Topics

		Standard

				Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I-HP-a		I		HP		a		0.75		0.75		0		6		6.6666666667		-0.1111111111

		I-HP-b		I		HP		b		1		0.75		-0.25		5.5		5		0.0909090909

		I-INFO-a		I		INFO		a		1		0.75		-0.25		5.6666666667		6		-0.0588235294

		I-INFO-b		I		INFO		b		0.75		1		0.3333333333		3		8.5		-1.8333333333

		I-INFO-c		I		INFO		c		0.75		1		0.3333333333		10.6666666667		8.25		0.2265625

		II-HP-a		II		HP		a		1		1		0		4.5		7		-0.5555555556

		II-HP-b		II		HP		b		0.75		0.75		0		5.3333333333		4.3333333333		0.1875

		II-INFO-a		II		INFO		a		1		0.6666666667		-0.3333333333		5.5		6		-0.0909090909

		II-INFO-b		II		INFO		b		0.75		0.25		-0.6666666667		6.6666666667		9		-0.35

		II-INFO-c		II		INFO		c		0.5		0.5		0		15		12		0.2

																3.4863490401		2.2429760048

																0.2049541737

		Normalized

		Set		Part		Topic		Avg Success C		Avg Success E		Success E/C		Avg Turns C		Avg Turns E		Turns E/C

		I		HP		a		0.9126984127		1.3293650794		0.4565217391		0.6067758033		0.925363403		-0.5250499408

		I		HP		b		1.3293650794		0.9126984127		-0.3134328358		0.6860256521		0.4533871948		0.339110435

		I		INFO		a		1.3333333333		0.6666666667		-0.5		0.8013265182		0.5742971888		0.2833168806

		I		INFO		b		0.9126984127		0.2777777778		-0.6956521739		0.3035080651		0.3970588235		-0.3082315405

		I		INFO		c		0.9722222222		0.6944444444		-0.2857142857		1.1127149962		0.6653282948		0.4020676481

		II		HP		a		1.3125		1		-0.2380952381		0.6358123403		0.7299653158		-0.1480829634

		II		HP		b		0.8125		0.8125		0		0.5544176707		0.5704819277		-0.0289750091

		II		INFO		a		1.3125		0.8125		-0.380952381		0.8009948886		0.6707228916		0.1626377383

		II		INFO		b		0.8125		1.3125		0.6153846154		0.6963253012		1.2607192406		-0.8105320005

		II		INFO		c		0.5		1.3125		1.625		1.0768072289		1.2537531946		-0.1643246451

														0.7274708465		0.7501077475		-0.0798063397

																14.7757859398





Order

		

		Subject		First Set		Second Set

		ME		1.2		0.8

		KP		1.2068965517		0.7931034483

		DB		1.0131578947		0.9824561404

		BC		1.2048192771		0.7951807229

		MM		1.1111111111		0.8333333333

		CB		1.2328767123		0.8136986301

		AT		0.8823529412		1.1470588235

		JZ		0.8333333333		1.1666666667

				1.0855684777		0.9164372206

				0.157910637		0.1608428937

		Subject		First Set		Second Set

		ME		7.5		5		1.5

		KP		11.6666666667		7.6666666667		1.5217391304

		DB		8.25		8		1.03125

		BC		10		6.6		1.5151515152

		MM		7.3333333333		5.5		1.3333333333

		CB		10		6.6		1.5151515152

		AT		5		6.5		0.7692307692

		JZ		5		7		0.7142857143

				8.09375		6.6083333333		1.2375177472

				0.002941592





Normalized

								Success Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1.25		1.25		1.25		1.25		1.25		0		0.8333333333		1

		KP		E-C		2-1		0		1.6666666667		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0.9523809524		1.1428571429

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		2		0		0		0.6666666667		0.8

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111

				C-E		2-1		1		1		1		1		1		1		1		1

								Success Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1.25		0.625		1.25		1.25		1.25		1.25		1

		KP		E-C		2-1		1.6666666667		0		0.8333333333		1.6666666667		0		1.6666666667		1.1111111111		1

		DB		C-E		1-2		1.4285714286		1.4285714286		1.4285714286		1.4285714286		0		0		0.4761904762		0.8571428571

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		2		0		1		0		2		2		1.3333333333		1.2

		CB		E-C		2-1		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		1.1111111111		0.7407407407		0.8888888889

		AT		C-E		1-2		1.1111111111		1.1111111111		1.1111111111		1.1111111111		1.1111111111		0		0.7407407407		0.8888888889

		JZ		C-E		2-1		1		1		1		1		1		1		1		1

								Turns Control System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0.64		0.8		0.72		0.8		0.96		0		0.88		0.8		3.2

		KP		E-C		2-1		0		0.9310344828		0.9310344828		1.0344827586		0		0.4137931034		0.724137931		0.7931034483		2.3793103448

		DB		C-E		1-2		1.2280701754		0.6140350877		0.9210526316		1.7192982456		0.4912280702		0		1.1052631579		1.0131578947		4.0526315789

		BC		C-E		2-1		0.9638554217		1.0843373494		1.0240963855		0.843373494		1.3253012048		1.8072289157		1.3253012048		1.2048192771		6.0240963855

		MM		E-C		1-2		0.6060606061		0		0.6060606061		1.0606060606		0		0		1.0606060606		0.8333333333		1.6666666667

		CB		E-C		2-1		0.4931506849		0.4931506849		0.4931506849		0.6164383562		0.3698630137		2.095890411		1.0273972603		0.8136986301		4.0684931507

		AT		C-E		1-2		0.7058823529		0.7058823529		0.7058823529		0.7058823529		0.3529411765		1.9411764706		1		0.8823529412		4.4117647059

		JZ		C-E		2-1		0.3333333333		0.3333333333		0.3333333333		0.5		0.5		2.5		1.1666666667		0.8333333333		4.1666666667

								Turns Eureka System

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		0.8		0.8		0.96		0.96		2.08		1.3333333333		1.2		4.8

		KP		E-C		2-1		0.6206896552		0		0.6206896552		1.4482758621		0		1.5517241379		1.5		1.2068965517		3.6206896552

		DB		C-E		1-2		0.9824561404		0.4912280702		0.7368421053		1.4736842105		0		0		1.4736842105		0.9824561404		2.9473684211

		BC		C-E		2-1		0.7228915663		0.4819277108		0.6024096386		0.7228915663		1.3253012048		0.7228915663		0.9236947791		0.7951807229		3.9759036145

		MM		E-C		1-2		1.3636363636		0		1.3636363636		0		0.7575757576		1.2121212121		0.9848484848		1.1111111111		3.3333333333

		CB		E-C		2-1		0.8630136986		0.6164383562		0.7397260274		2.3424657534		0		1.1095890411		1.7260273973		1.2328767123		4.9315068493

		AT		C-E		1-2		1.2352941176		0.7058823529		0.9705882353		1.0588235294		1.5882352941		0		1.3235294118		1.1470588235		4.5882352941

		JZ		C-E		2-1		0.8333333333		1		0.9166666667		1		2		1		1.3333333333		1.1666666667		5.8333333333
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																								6

																								7

																								10

																								5

																								9
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Turns
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Success Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		1		1		1		1		1		0		0.6666666667		0.8

		KP		E-C		2-1		0		1		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		1		0		0		0.3333333333		0.4

		CB		E-C		2-1		1		1		1		1		1		1		1		1

		AT		C-E		1-2		1		1		1		1		1		1		1		1

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





Success Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		0		1		0.5		1		1		1		1		0.8

		KP		E-C		2-1		1		0		0.5		1		0		1		0.6666666667		0.6

		DB		C-E		1-2		1		1		1		1		0		0		0.3333333333		0.6

		BC		C-E		2-1		1		1		1		1		1		1		1		1

		MM		E-C		1-2		1		0		0.5		0		1		1		0.6666666667		0.6

		CB		E-C		2-1		1		1		1		1		0		1		0.6666666667		0.8

		AT		C-E		1-2		1		1		1		1		1		0		0.6666666667		0.8

		JZ		C-E		2-1		1		1		1		1		1		1		1		1





NB Turns Control

								Baseline

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2		4		5		4.5		5		6				5.5		5

		KP		E-C		2-1				9		9		10				4		7		7.6666666667

		DB		C-E		1-2		10		5		7.5		14		4				9		8.25

		BC		C-E		2-1		8		9		8.5		7		11		15		11		10

		MM		E-C		1-2		4				4		7						7		5.5

		CB		E-C		2-1		4		4		4		5		3		17		8.3333333333		6.6

		AT		C-E		1-2		4		4		4		4		2		11		5.6666666667		5

		JZ		C-E		2-1		2		2		2		3		3		15		7		5





NB Turns Eureka

								Eureka

		Subject		System Order		Topic Order		HP1		HP2		Avg HP		Info1		Info2		Info3		Avg Info		Avg

		ME		E-C		1-2				5		5		6		6		13		8.3333333333		7.5

		KP		E-C		2-1		6				6		14				15		14.5		11.6666666667

		DB		C-E		1-2		8		4		6		12						12		8

		BC		C-E		2-1		6		4		5		6		11		6		7.6666666667		6.6

		MM		E-C		1-2		9				9				5		8		6.5		7.3333333333

		CB		E-C		2-1		7		5		6		19				9		14		10

		AT		C-E		1-2		7		4		5.5		6		9				7.5		6.5

		JZ		C-E		2-1		5		6		5.5		6		12		6		8		7





Survey

				I could find the pages I was looking for				The system was easy to use				Preference

				Control		Eureka		Control		Eureka		(1=Eureka, 5=Control)

		ME		2		1		2		2		3		3

		KP		2		2		1		1		2		3

		DB		2		2		3		3		2		3

		BC		1		1		2		1		1		3

		MM		3		3		2		2		3		3

		CB		1		2		1		1		2		3

		AT		1		2		1		1		4		3

		JZ		2		1		2		1		2		3

				1.75		1.75		1.75		1.5		2.375

												0.9161253813

								0.0852353304		0.0370864335

		Histograms

		1		Very True		3		3		3		5		Strongly Prefer Eureka		1

		2		Somewhat True		4		4		4		2		Somewhat Prefer Eureka		4

		3		Somewhat False		1		1		1		1		No Preferences		2

		4		Very False		0		0		0		0		Somewhat Prefer Baseline		1

		5												Strongly Prefer Baseline		0





Survey
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		0

		0

		0



Baseline System

Somewhat True

Somewhat False



		0

		0

		0

		0
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Somewhat Prefer Baseline




