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Executive Summary:


Verbal protocol is being used in a lot of domains e.g. Reading, Problem Solving, Human Computer Interaction, Decision Making etc. as can be seen from the literature. In this report we search for what verbal protocol is and try to discuss the issue from the standpoint of our research project of CVA. Discussion is given at length on how it’s a good research tool and also its pitfalls have been attended to. Our data collection has been seen through this new light on verbal protocol analysis and after all considerations report ends with some recommendations for future data collection using this protocol. 

Introduction:

CVA is the active, deliberate acquisition of word meanings from text that results from the reasoning readers do about the contextual clues they notice, activation of connections to background knowledge, and the hypotheses that were developed during any prior encounters with the word (Kibby and Rapaport, 2002). 

This is a joint effort between two teams of researchers: one from the computational stream and the other from educational stream. The main objectives of this research project are

a) to extend and develop algorithms for computational contextual vocabulary acquisition (CVA)

b) unify a disparate literature on CVA from psychology, first- and second language acquisition, and reading science, in order to help develop these algorithms, and

c) use the knowledge gained from computational CVA system to build and evaluate an educational curriculum for enhancing students’ abilities to use deliberate (i.e., non-incidental) CVA strategies in their reading.

The computational team of researchers aims to develop and implement the computational theory of the CVA (Rapaport and Ehrlich, 2000) and the educational team aims to develop and implement an educational curriculum wherein students will use various strategies of CVA to learn the meaning of hard word during their curricular readings. Eventually the two teams are synchronously and synergistically trying to develop an algorithm of CVA to be taught to the students and will use the feedback of these case studies to further develop the algorithm in turn the educational curriculum (Kibby and Rapaport, 2002). 

In order to study what good readers do when confronted with unknown words while reading, the education team collected close to 100 think-aloud protocols from eleven students attending four different schools. Analyzing the protocols, strategies of the good readers were to be enumerated for help with the curriculum as well as further development of the computational theory. The computational team on the other hand has been implementing the computational theory of CVA and has been working with a software agent called “Cassie” (Rapaport and Ehrlich, 2000). Cassie consists of SNePS semantic-network knowledge-representation and reasoning (KRR) system and a knowledge base (KB) of background information representing the knowledge that a reader brings to the text containing the unknown word. A deductive search of the knowledge base is triggered when the question “what the unknown term means?” is asked. Output from Cassie consists of a report of most current definition of the unknown term in its context, or answers to other queries.

My role in the CVA project:

My job was to do a literature review and analyze the theoretical foundations for using verbal protocol (think aloud) to study human thinking or human problem solving processes. The focus was on verbal processes, and not on physical part of them. Among other things, I wanted to look at concurrent verbal data collection and retrospective verbal data collection about problem solving. One of the most important aspects of my work was to address the issue of why anyone would think that think aloud would be reliable and valid as a process for understanding human problem solving processes. Also if time permitted I wanted to look for literature on experts’ and amateurs’ problem solving behavior to shed light on what might be in our case the good learner and less-able learner’s behavior in learning. This would help us in coming up with not only a algorithm or computational theory of humans for CVA but also a strategy for teaching the students contextual vocabulary acquisition in curriculum.

Verbal Protocol:

Any collections of verbal reports like think aloud reports during a task; interviews or self-deposited accounts of events or problem solving strategies reported by people during or after the task can be called verbal protocol. Verbal reports are classified to be of three types (Ericsson and Simon, 1984/93). Type I verbalization is known as concurrent verbalization or think aloud or talk aloud. This is verbalization where cognitive processes, also described as successive states of information under attention, are verbalized directly with out any sort of encoding. Type II verbalization is retrospective reports of a done cognitive process or in other words verbalization of information heeded just after the task is done. This has some encodings by the person before verbalization. Type III verbalization is also a retrospective report after the task is done but this verbalization of retrieved information needs additional processes from the person’s resources. We are principally interested in type I verbalizations as they will provide us with the opportunity to get details of human cognitive processes trying to compute the meaning of an unknown word using context.

Concurrent Verbalizations Data and Validity checks: 

Real-time/ concurrent verbalization of thought processes during any problem-solving task yields verbal reports, which can be used as qualitative data to elaborate the cognitive process embedded in the accomplishment of the task (Bainbridge and Sanderson, 1996). As this data is a sequential description of certain real-time activity it quite objective in nature. As our data is qualitative yet objective in nature I first took a look at the validity issues with qualitative data. 

Miles and Huberman (1984) give a variety of checks for validity of data. Crucial ones are:

1. Internal Validity: Cause effect relationships we conclude from the qualitative data should be verified as being valid in all contingencies. As applied to our case I interpreted it as “If we conclude that some strategy is in fact the strategy subjects are using or in other words some particular clues are the clues that our subjects are using to compute the meaning of a particular hard word then that should be the case in all the types of contexts for that word and this should be true with inter-coder reliability meaning even if different coders in isolation come to the same conclusion”.

2. Construct Validity: Data should reflect concepts of interest. If our verbal reports were not to reflect information pertinent to the paragraph the subject is reading then we should be wary of the subject or the data collection procedure we are using.

3. External Validity: Check if conclusions are being generalized beyond situation under study. If we propose a full-fledged algorithm of CVA without the sufficient proof in our verbal reports then we would be in an unfavorable situation.

Data Collection:

Our experimenter collected think-aloud protocols from students who were confronted with unknown words while reading. These students, with good reading skills, were each given a set of paragraphs of text to read and each set of paragraphs had the same word that they had not encountered before, or didn’t understand prior to, this session of reading. Each student’s efforts to try and arrive at the meaning of the unknown word were captured by these verbal reports in the form of concurrent verbalization, with some probing by experimenter. Analysis of these protocols was expected to yield strategies and cognitive processes of the good readers. Verbal reports were to reveal the reader’s usage of “contextual” clues to deduce or compute the meaning of the unknown word. By “context” here I mean Dr. Rapaport’s version: Context for any word is the internalization of the text appearing with the hard word (meaning the understanding/ perception of the reader of that text) and the prior knowledge the reader brings to the reading session. Data from the protocols was to help in development of the computational theory or algorithm of computing the meaning of the hard word by increasing our understanding of the strategies used by the good readers.

Validity issues of our data pertaining to verbal protocol criticisms:

Before we validate our tool of research I will delve into some apprehensions about verbal protocol data. Nisbett and Wilson in 1977 published a very critical paper about verbal protocol data citing quite a few studies. Their major conclusions depending on their own studies and studies cited in their paper were: 

1.
No direct access to higher order mental processes like evaluation, judgment and problem solving and initiation of behavioral action
2. Subjectivity of reports. What if people think of some particular things during their task and report nothing about those things. What if they report of hypothetical “what if” they had done so things?

3. When are people more or less accurate? Which reports to take seriously and which to ignore as “noise”

4. People may not even interrogate selves but give implicit theory, which they believe to be true if they are correct, its because their implicit theory is

There are also some other distortions that can creep in the verbal data reported Bainbridge and Sanderson in their paper of 1996. These distortions were:

1. Having to give a verbal protocol changes the task and may change the way the task is done. Someone may choose a mechanical way to facilitate verbalizations rather than an abstract way that may have been a faster strategy to accomplish the same task.

2. If people are working under time pressure then they may not verbalize all the details and thus may not mention information which may lead to unexplained behavior

3. Verbal protocol is a social situation involving presentation pressures so it may be influenced by social biases.

4. Distortions may arise when a person’s usual way of doing tasks is non-verbal and for the experiment that person has been asked to give a verbal report.

5. Verbal protocol evidence may provide only a limited sample of the total knowledge available to the person being studied. This is a very relevant point for our research. When a student tries to compute the meaning of an unknown word, that person may not verbalize the whole knowledge types used by him/her to arrive at the meaning. This may hinder us in developing the computational algorithms for Cassie because we may not be able to provide her all the clues that a student may use for computation of the meaning.

Even with these distortions Bainbridge and Sanderson (1996, pp. 170 and 172) encourage use of verbal reports as evidence of cognitive processes. They just caution us researchers to see validity of data in light of our own unique situations of research.

After all these apprehensions, the good news is that Ericsson and Simon have addressed most of these criticisms in their 1984-93 book on verbal protocol (pp.25-30). Using human information processing models and memory models they showed how information being heeded and conclusions of stages of problem solving are in short term memory and can be verbalized. Reviewing thirty studies they have shown that subjects can generate verbalizations, subordinated to task driven cognitive processes (think aloud), without changing the sequence of thoughts, and slowing down on task only moderately due to additional verbalizations. Some of their other thoughts relevant to us are, the conclusions that interview and post experimental questioning yields incomplete reports compared to the rich reports given concurrently. For brief solution processes the recalled sequence of thoughts can be reported retrospectively with high accuracy, with only the effect that memory for the reported information is strengthened. Cuny (1979) compared verbal reports to interviews by the same process operators solving problems on the jobs. Results showed that interviews gave more general information about the strategies but omitted the details of a particular working context, which can mean that behavior differs. Therefore for our purposes, we can conclude that interview with concurrent verbal reports can be a good help, if we are trying to learn the general strategy of the subject as well as trace the information heeded at each step of any cognitive process.
Yes the concurrent reports are of course the verbalizations of stages of process of thinking or problem solving. Human information processing is seen as the way a human handles information. Similar to any computer, a human has limited resources and can handle only so much information at a time. This brings to fore our limited attentional resources and along with it the concept attention and recognition. According to HIP model (Wickens and Hollands, 1999) when a person is doing any work, he/she gathers information from sensory organs and then perceives it and therefore decides and executes an action. In our case, our reader is reading the paragraph and recognizing the hard word and is trying to compute its meaning. So, it becomes a problem-solving task similar to adding two numbers or playing chess. Kucan and Beck (1997, p.276) make a good case of how reading is a strategic problem solving case. 


A model of Human Information Processing Stages from Wickens and Hollands (1999) 

According to HIP model the information, gathered by senses at that point of time and also information recalled from background knowledge (Long Term Memory), to solve the problem is in working memory and therefore results of each step of solving the problem will be in the very same short term memory. (For more details see ch.1, p.11 of Ericsson and Simon, 1993). The very best verbal reports therefore are those that have reports of exact information currently being heeded in short-term memory (Ericsson and Simon, 1993). There is caution here for those reports that are retrospective and are descriptions of done cognitive processes by the subjects. The authors flag a caution by mentioning that this is information from long-term memory, which is subject to memory decay due to passing time since event and also retrieval cues and therefore can be subjective introspection thus unhelpful. But also the way around this can be good recording of the verbal report and then walk through with the subject after task and correct probing questions to the subject for descriptions wherever necessary. This will yield more data, which with the concurrently verbalized data can be very useful for the researcher to infer processes of human thinking.

The above information process system of a human is also the same in Simon and Newell’s classic work in human problem solving (1972 pp. 791-801.). Verbal Protocols has also been applied in management science for analyzing the problem solving and managerial skills of good managers (Schweiger, D. M. (1983) and Isenberg D. J. (1986)).
Conclusion and Discussion:

From the above explanation we clearly see that our data will be perfectly valid and can allow us to infer foolproof results. From the research papers (Bainbridge, 1979; Ericsson and Simon 1984,1987, 1993; Sanderson and Fisher, 1994; Bainbridge and Sanderson, 1995; Pressley and Afflerbach, 1995) we clearly see that verbal protocols are very suitable for the type of task we are handling. Our subjects are reading the text and when confronted with the unknown word they are problem solving in the sense they are computing the meaning of the word. As we have shown all this activity is in short term memory we will get valid reports from think aloud procedures. 

This section has input from the CSE students as they saw problems in the protocols they had and recommended certain things that they thought would help them in encoding the various words and background knowledge in essence the context to Cassie. 

Some points of discussion are as follows:

1. Instructions to the subject before collecting data are a vital part of running think-aloud protocol. During our pilot run we have not used a common set of instructions which have direct effect enough to be an independent treatment variable in our resulting data. Common instructions preferably video taped or written instructions could be useful. Pre-decided protocol of running the experiment will definitely be a must, which includes instructions, pre-tests and also test material to be used. 

2. There is a distinct lack of training to the subjects before actual data collection begins. If a person is not used to thinking aloud then the data may not be as useful as intended. A small training with a trial hard word may be very useful to subjects and also may be experimenter can give instructions/demo as to how to think aloud. So a verbal protocol training that is “thinking aloud” familiarization exercise before the actual testing begins should be a very helpful effort.

3. During our pilot test whenever in doubt about the knowledge of the subject about any word the person was given a non-word equivalent, which can be dubious. A common policy of giving non-word equivalents or giving a sure-shot difficult word could be useful.

4. People forget to verbalize continuously and therefore instructions to do so before each test becomes imperative. We have seen lapses or big disjointed pieces in our data, which were a result of subject “not speaking” his/her mind which is essential for us.

5. Intervention by our data collector has been a very subjective decision. By intervention I mean probing questions asked to the subject. If we decide on a policy and if possible same questions and therefore interventions for all subjects then we will have more reliability in our data. 

6. Experimenter’s probing if is not correctly documented and maintained constant with all subjects and kept minimum in the sense to remind people to verbalize etc then we may run into trouble because then we may be interfering with the primary task itself. Instead if we can run just Type I protocol without probing with encouragement for verbalization and good training designed for subjects we may get richer data about the cognitive processes. For elaboration of these processes for the computational team’s purposes we can go for retrospective interview with experimenter asking for details wherever necessary and this we can keep after each paragraph making it immediately after the task and therefore reproducible in words.

Future Work:

One of the interesting papers was from Sanderson and Fisher (1994) who extended the Tukey (1977) Exploratory Data Analysis work into Exploratory Sequential Data Analysis. They have applied this to human computer interaction issues but I think this method of analysis suits us perfectly and so I have developed a similar model for our purpose. I am in process of trying to use this model on our data. This is one of the issues I enlist under future work because I was not able to complete it by this semester. I would myself like to work further on it and develop it fully. 

Some basic concepts of this model are defined here. Raw Sequences are the fleeting system, environmental, and behavioral events that are observed. Logs and Recordings are the aspects of these events that are captured (in our case VP). Statements are the resulting conclusions from the ESDA in a way that are useful or meaningful to others. Research Question is the formal initial motivation for the observations. Formal concepts refer to particular theoretical tradition and analytic techniques that an investigator may prefer (in our case behavioral/social science tradition). The above concepts are the basic requirements of the model and in my opinion we can try this, as most of the criteria are a close fit to us.














The above flowchart is the ESDA flowchart. Sanderson and Fisher make use of the “Eight C’s” to analyze the collected data.  The “Eight C’s” are chunking, commenting, coding, connecting, comparing, constraining, converting and computing. These help in arranging and refining the collected sequential data. “C’s” help in data smoothing i.e. they can also be used to account for the variability in the data. The entire process of transforming the raw data into statements is iterative. 
One of the other attempts was to try and apply Critical Decision Method from Cognitive Task Analysis domain. Hoffman, Crandall and Shadbolt (1995) use this method to elicit knowledge from experts. They use the data from interviews and detect critical decisions. Then they try to explain the problem solving processes of experts. I have tried to use this on our data and find it useful. If we go for studying the CVA processes of good versus less-able readers, then this method can be very useful. Accomplishments so far have been smaller than expected, as lot of reference digging led to too many papers that had to be reviewed and used if found useful for our project. Also as not a lot of literature exists in this regard the paper trail took longer than usual.

One of the immediate things to be done is that of running data through ESDA model found in literature for analysis of verbal data. One of the immediate things will also be a write up on analysis of the data we already have. Finding of more models or developing a new model can also be a solution to analyze the data we already have. Currently I am trying to make sense of subjects’ strategy to arrive at the meaning of a hard word. If we find an algorithm from the data we have gathered, we can then code it and verify its success in understanding hard words with our software cognitive agent CASSIE. This will enable us to tweak the algorithm and use it in developing the final process of CVA.

Hoping to be able to work on this next semester!
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