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Cognitive Assistance in Government and Public Sector Applications

This symposium focuses the spotlight on the use of cognitive assistance systems to assist uses in gov-
ernment (executive agencies, legislative and judicial branches), education, and healthcare. It offers
keynotes, presentations, and interesting panel and audience discussions. Sessions were planned on the
use of cognitive assistance in: legal and judiciary applications, education, cybersecurity, DoD/intel,
and aviation. We hope to expand the dialog between the user, academic, and commercial communi-
ties to discuss the following topics:

e Bright spots — examples where cognitive assistance is being successfully used in the public sector.
e Public sector problems where cognitive assistance may be valuable.

e Cognitive assistance use cases and scenarios.

® R&D projects that are advancing the state of the art of cognitive assistance technology.

e Principles for choreographing interactions between people and their cognitive assistant, and manag-
ing the division of labor.

e Broadening the information channel between cognitive assistants and humans, for example, beyond
chat, beyond question and answer.

e Impediments to the adoption to cognitive assistants in the public sector, for example, trust, depend-
ability, domain adaption, privacy, ethics.

e Team science — how cognitive assistants can participate in and accelerate government-sponsored
science at the team level.

e Thinking beyond incremental — ways in which cognitive assistance dramatically change how we
approach public sector problems cognitive assistants and people — studies around symbiotic, social,
cultural, legal, and societal aspects of cognitive assistant-people interactions and coexistence, specifi-
cally as it pertains to public sector.

e Fundamental science and technology for cognitive assistance — methods and technology supporting
security, privacy, and delegation of authority issues.
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Abstract

Inquiry-based teaching and learning is recognized as being
very effective, but very difficult to use in practice. This paper
introduces a computational framework of scientific inquiry as
discovery of evidence, hypotheses, and arguments, which can
be implemented in a cognitive assistant. With the help of two
case studies, it shows how such a cognitive assistant that in-
corporates knowledge about the scientific inquiry process
and about the properties, uses, discovery, and marshaling of
evidence, can support inquiry-based teaching and learning.

Introduction

In this paper we address the problem of developing cogni-
tive assistants for inquiry-based education. We first intro-
duce teaching and learning of science through inquiry, and
discuss how cognitive assistants have the potential of mak-
ing this very promising educational approach both easier to
implement in the classroom, and more effective. We then
introduce a computational framework of scientific inquiry
as discovery of evidence, hypotheses, and arguments, which
can be implemented in a cognitive assistant. This framework
is based on our previous work on developing cognitive as-
sistants for intelligence analysis. We are building directly on
the latest of these cognitive assistants, called Cogent (Tecuci
et al., 2015), to design and develop cognitive assistants for
inquiry-based teaching and learning of science.

To show the applicability and the generality of our ap-
proach, the rest of the paper presents two case studies of us-
ing cognitive assistants to support inquiry-based teaching
and learning. The first case study is an adaptation of the clas-
sical example of using inquiry in the classroom from Inquiry
and the National Science Education Standards (NRC,
2000). The second case study is based on our current work
on developing sinvestigator, a cognitive assistant for help-
ing undergraduate students develop critical thinking skills in
addressing scientific problems.

We conclude the paper with the main directions of our
future work.

Copyright © 2016, Association for the Advancement of Artificial Intelli-
gence (Www.aaai.org). All rights reserved.
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Inquiry-based Science Teaching and Learning

Significant progress has been made in science education
with the development of the National Science Education
Standards (NRC, 1996). These standards call for inquiry-
based teaching and learning which “refers to the diverse
ways in which scientists study the natural world and propose
explanations based on the evidence derived from their
work.” Students practice inquiry as they “describe objects
and events, ask questions, construct explanations, test those
explanations against current scientific knowledge, and com-
municate their ideas to others. They identify their assump-
tions, use critical and logical thinking, and consider alterna-
tive explanations” (NRC, 1996, p. 2).

Researchers have demonstrated that academic achieve-
ment is improved by the use of inquiry instruction in K-12
levels (Bransford and Donovan, 2004; Minner et al., 2010).
Inquiry instruction has also been examined at the college
level and found to be more effective than traditional science
instruction for the development of thinking and problem
solving (Oliver-Hoyo et al., 2004). University science fac-
ulty value inquiry, but identify time, class size, student mo-
tivation, and student ability as obstacles to implementing in-
quiry-based instruction (Brown et al., 2006).

A significant result in the theory of inquiry-based learning
is Process-Oriented Guided-Inquiry Learning (POGIL,
2016), a student-centered, group-learning instructional strat-
egy and philosophy. POGIL provides a general framework
for developing activities implementing guided inquiry in the
classroom, and there are now many POGIL inquiry-based
learning activities in a wide variety of disciplines. However,
while POGIL and other class-activity based inquiry ap-
proaches offer an alternative to lectures-style instruction,
they depend on intensive training of instructors to develop
and implement inquiry-based activities in their classrooms.

How Can Cognitive Assistants Help?

We will briefly discuss some of the challenges of using



inquiry-based teaching and learning and how cognitive as-
sistants may alleviate them.

Designing inquiry-based lessons. Even following a
methodological framework (such as POGIL), the effort and
time required to design such lessons are greater than those
required for content-based lessons. Indeed, the teacher
would not only need to introduce the theoretical topics but
also to guide their discovery through inquiry-based activi-
ties. Even when inquiry-based lessons are already available,
their adaptation to the knowledge and skill level of the stu-
dents requires significant effort. Cognitive assistants may
help in the generation and the adaptation of generic inquiry-
based lessons to the specific instructor needs and learning
objectives, by properly instantiating pre-existing patterns.

Teaching inquiry-based lessons requires providing con-
tinuous guidance to the students (Kirschner et al., 2006).
This is particularly challenging because it cannot be pro-
vided globally at the class level (as in a typical classroom),
but it needs to be personalized to a team or individual stu-
dent. While such personalized guidance is feasible for small
classrooms, it becomes harder for larger classes. A cognitive
assistant can build a model of the student based on their in-
teractions, and automatically update the guidance accord-
ingly. As a result, the instructor needs to offer guidance only
for the more subtle issues.

Evaluating students’ inquiry seems to be in contradiction
with the test-based standards. While inquiry must reward the
discovery process followed, the test-based standards reward
the right answer and the use of standardized rules. Mitiga-
tions of this contradiction exists (e.g., project-based assess-
ment, modifying the grading structure, portfolio-based eval-
uation, effort, and participation rubrics), but their implemen-
tation is difficult and increases the time typically allocated
for evaluation. Cognitive assistants used in the process of
instruction can collect valuable data for student evaluation
(e.g., students’ participation in the inquiry process, inde-
pendence in the inquiry, acquisition of particular skills).

Evaluating the quality and effectiveness of inquiry is
challenging because direct student comparisons are not usu-
ally possible (Quigley et al., 2011). Cognitive assistants may
not only help in monitoring students’ performance, but also
in offering dynamic feedback to instructors, guiding them to
provide better feedback to the students needing it most, and
identifying for them the concepts that need reinforced
presentation at the end of the classroom.

Scientific Inquiry as Discovery of Evidence,
Hypotheses, and Arguments

Our research on developing cognitive assistants for inquiry-
based teaching and learning started with defining a compu-
tational framework for inquiry, which is abstracted in Figure
1 and explained in the following.
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Scientific inquiry is viewed as ceaseless discovery of evi-
dence, hypotheses, and arguments, through evidence in
search of hypotheses, hypotheses in search of evidence, and
evidentiary testing of hypotheses.

Let us assume that we have made a surprising observation
of some event in nature (see the bottom left side of Figure
1). The question is: What hypotheses would explain this ob-
servation? By means of abductive (imaginative) reasoning,
which shows that something is possibly true, we formulate
possible hypotheses or explanations. This is what we call
“evidence in search of hypotheses.”

We would need to analyze each of these hypotheses to
determine which of them is the most likely. For this, we need
additional evidence which is obtained through the next pro-
cess called “hypotheses in search of evidence.” As shown
in the middle part of Figure 1, we put each of the alternative
hypotheses to work, generating new lines of inquiry to dis-
cover relevant evidence. The question is: Assuming that this
hypothesis is true, what other phenomena should be observ-
able? Using deductive reasoning, which shows that some-
thing is necessarily true, we decompose our hypothesis into
simpler hypotheses and look for evidence that bears upon
them. For example, if the hypothesis H would be true, then
the subhypotheses H; and H, would also be true. But if H;
would be true, then we would need to observe the phenom-
enon P;. We search for it and we may or may not find it.

Some of the newly discovered phenomena or items of ev-
idence may trigger new hypotheses or the refinement of the
existing hypotheses. Therefore, as indicated at the bottom
left of Figure 1, the processes of evidence in search of hy-
potheses and hypotheses in search of evidence take place at
the same time, and in response to one another.

Now that we have discovered additional phenomena or
items of evidence (see the bottom right side of Figure 1) the
question is: What is the probability of the hypothesis based
on the available evidence? Hypothesis testing is necessarily
probabilistic (or inductive) in nature because our evidence
is always incomplete, usually inconclusive (it is consistent

Possible Hypotheses
or Explanations

Probability of New

or Revised Theories
AssumingthatH is
true, what phenomena

Which is

the evidence-

based probability
of each

hypothesis?

hypotheses
would explain

these
observations?
New Observable

Phenomena
£ £

Evidence in search - - Hypothesesin vaidentiarvtesting
of hypotheses o | | gsearch of evidence, | | , of hypotheses
Abduction == Deduction >~ Induction

Observations of
Events in Nature

Figure 1. Scientific inquiry as discovery of evidence,
hypotheses, and arguments.



with the truth of more than one hypothesis or explanation),
frequently ambiguous (we cannot always determine exactly
what the evidence is telling us), commonly dissonant (some
of it favors one hypothesis or explanation, but other evi-
dence favors other hypotheses), and with various degrees of
believability (Schum, 2001; Tecuci et al., 2016). Hypotheses
testing depends on the relevance and the believability of ev-
idence. These factors combine in complex ways to deter-
mine the inferential force of evidence and the probabilities
of the hypotheses, as will be discussed in the next section.

Notice in Figure 1 that the starting point of the inquiry
process are observations of events in nature. However, the
starting point could also be a question. In such a case the
alternative hypotheses to be considered are the possible an-
swers to the question.

Cogent: Cognitive Agent for Cogent Analysis

The framework introduced in the previous section is based
on a similar framework that we have previously developed
for intelligence analysis. That framework was used as a ba-
sis for developing a sequence of increasingly more practical
cognitive assistants for the intelligence analysis: Disciple-
LTA (Tecuci et al., 2005a; 2007; 2008), TTACRITIS (Boicu
et al, 2011; Tecuci et al., 2011), Disciple-CD (Tecuci et al.,
2016a), and Cogent (Tecuci et al, 2015).

We are building directly on the latest of these cognitive
assistants, Cogent, and on the Disciple learning agents tech-
nology (Boicu et al., 2000; Tecuci et al., 2005b; Tecuci et
al., 2016b), to develop cognitive assistants for inquiry-based
teaching and learning of science, which are described in the
following sections.

Inquiry with a Cognitive Assistant
in a Fifth Grade Science Classroom

A classical textbook example of using inquiry in a classroom
is presented in (NRC, 2000, pp.5-11). In the following, we
extend this example with a hypothetical interaction between
students and a cognitive assistant, called Inquirer. The goal
is to show how such a cognitive assistant can naturally sup-
port inquiry-based teaching and learning.

« Several of the students in Mrs. Graham’s fifth grade sci-
ence class were excited when they returned to
their room after recess one fall day. They pulled
their teacher over to a window, pointed outside,
and said, we noticed something about the trees
on the playground. The left one has lost all its
leaves, the middle one has multicolored leaves
— mostly yellow — while the right one has lush,
green leaves. Why are those trees different?
They used to look the same, didn’t they? Mrs.
Graham didn’t know the answer. But she knew
that her class was scheduled to study plants later
in the year, and this was an opportunity for them

N5

It must: be too much water ak the rook
that causes the tree to die,

to investigate questions about plant growth that they had
originated and thus were especially motivated to answer.
Although she was uncertain about where her students’ ques-
tions would lead, Mrs. Graham chose to take the risk of let-
ting her students pursue investigations with the Inquirer’s
assistance and her guidance. Let’s make a list of ideas that
might explain what’s happening to those trees outside. They
came up with a list of competing explanatory hypotheses,
including the following ones (shown also in the current Co-
gent interface from Figure 2):

o It must be too much water at the root that causes the

tree to die.

o The trees have different ages.

o Insects are eating the trees.
She then invited each student to pick one hypothesis which
led to several groups, a “water” group, an “age” group, an
“illness” group, etc. She asked each group to use the Inquirer
assistant in order to plan and conduct a simple investigation
to test their preferred hypothesis.

For the next three weeks, science periods were set aside
for each group to carry out its investigation. Each group used
the Inquirer assistant to conduct its investigation, discover-
ing a variety of sources with information about characteris-
tics of trees, their life cycles, and their environments.

Let us consider the water group that investigated the hy-
pothesis “It must be too much water at the root that causes
the tree to die.” Inquirer guided the students to consider how
this hypothesis may be decomposed into simpler ones:
Could you think of simpler hypotheses that would support
the truthfulness of your hypothesis? As a result, the students
decomposed their hypothesis into the following ones by en-
tering them into Inquirer (see also the top part of Figure 3
showing the hypotheses in the current Cogent interface):

o There is too much water at the root.

e Too much water at the root causes the tree to die.
Then Inquirer instructed the students that they also need to
assess the relevance or strength of these two subhypotheses:
Assuming that these subhypotheses are true, how certain are
you that “It is too much water at the root that causes the
trees to die?” The students responded by selecting certain
(C) from the following list of probabilistic assessments dis-
played by Inquirer: {lack of support (LS), likely (L), very
likely (VL), almost certain (AC), certain (C)}.

The students were than instructed by Inquirer to assess the

Situakion (S): Three trees growing side by side. The left one has lost all its leaves, the middle one has multicolored leaves

mostly yellow - while the right one has lush, green leaves,

Question (Q): Why are those trees different?

NS
The trees have different ages.

NS
Insects are eating the trees,

Figure 2: Situation, question, and its possible answers.
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two (simpler) subhypotheses based on evidence. To collect
evidence for the first one, they decided to look at the ground
around the trees every hour that they could. They took turns
on making individual observations and since some of them
lived near the school, their observations continued after
school hours and on weekends. Even though they missed
some hourly observations, they had sufficient data indicat-
ing that there is too much water at the root of the dying tree,
which they introduced into Inquirer as favoring evidence E1
Water observations (see the bottom left side of Figure 3).

Next Inquirer guided the students to assess the believabil-
ity and the relevance of E1 Water observations.

How certain are you that E1 Water observations is true
(i.e., that there is indeed too much water at the root of the
tree)? The students’ answer was almost certain (AC) since
a few data points were missing and, on rare occasions, the
tree was not standing in the water.

Imagine now that you were certain that E1 Water obser-
vations is true. In such a case, how certain would you be
that there is too much water at the root of the tree? certain
(C).

Based on the students’ assessments, Inquirer determined
that the inferential force of E1 Water observations on the
hypothesis “There is too much water at the root” is almost
certain (AC), as shown in Figure 3. Inquirer explained to the
students that inferential force answers the question: How
strong is E1 Water observations in favoring the hypothesis
“There is too much water at the root”? An item of evidence
will convince us that a hypothesis is true if and only if the
item is both highly believable and highly relevant. There-
fore, the inferential force was computed as the minimum of
the believability of E1 Water observations (almost certain -
AC) and it relevance of (certain - C), minimum which is al-
most certain. Because E1 Water observations is currently
the only item of evidence relevant to the hypothesis “There
is too much water at the root,” the probability of this hypoth-
esis is also almost certain (AC).

Then, one of the students recalled that several months ago
the leaves on one of his mother’s geraniums had begun to
turn yellow. She told him that the geranium was getting too
much water. This item of information was represented in In-
quirer as item of evidence E2 Geranium case favoring the
hypothesis “Too much water at the root causes the tree to
die.” The students agreed to assess its believability as almost
certain (because, although the mother has experience with
plants, she is not a professional), and its relevance as very
likely (because geraniums is a different type of plant), lead-
ing Inquirer to compute its inferential force as very likely.

Additionally, Mrs. Graham gave the group a pamphlet
from a local nursery entitled “Growing Healthy Plants.” The
water group read the pamphlet and found that when plant
roots are surrounded by water, they cannot take in air from
the space around the roots and they essentially “drown.”
This item of information was represented in Inquirer as an
additional item of evidence E3 Growing Healthy Plants fa-
voring the hypothesis “Too much water at the root causes
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the tree to die.” The students agreed to assess its believabil-
ity as certain (because this information is from a highly rep-
utable source), and its relevance as certain (since it, in fact,
asserted the hypothesis), leading Inquirer to compute its in-
ferential force as certain. Additionally, Inquirer computed
the inferential force of all favoring evidence (i.e., both E2
Geranium case and E3 Growing Healthy Plants) as certain,
by taking the maximum of their inferential forces. This is
also the probability of the hypothesis “Too much water at
the root causes the tree to die” because no disfavoring evi-
dence was found. However, if any disfavoring evidence
would have been found, then Inquirer would have deter-
mined whether, on balance, the totality of evidence favors
or disfavors the hypothesis, and to what degree.

Having assessed the probability of “There is too much
water at the root” as almost certain, and that of “Too much
water at the root causes the tree to die” as certain, Inquirer
inferred that the probability of their top-level hypothesis “It
must be too much water at the root that causes the tree to
die” as almost certain. This is the minimum between these
probabilities and the joint relevance of the two subhypothe-
ses, which is certain (see the top part of Figure 3).

Finally, Inquirer automatically generated a report describ-
ing the analysis logic, citing sources of data used, and the
manner in which the analysis was performed. The report was
further edited by the water group before being presented to
the class, together with the reports of the other teams.

As different groups presented and compared their anal-
yses, the class learned that some evidence — such as that
from the group investigating whether the trees have different
ages — did not explain the observations. The results of other
investigations, such as the idea that the trees could have a
disease, partly supported the observations. But the explana-
tion that seemed most reasonable to the students, that fit all
the observations and conformed with what they had learned
from other sources, was “too much water.” After their three
weeks of work, the class was satisfied that together they
have found a reasonable answer to their question. » (adapted
from NRC, 2000, pp.5-11).

AC

It is too much water at the rock that
causes the tree to die,

AC
N i
C

Probability of
hypothesis

AC C
It is too much water at the rook.

tree to die,
E Inferential force c
. [relevance) A
\ " o
AC Believability \\C
E3 Growing Healthy Plants

El Water observations

Too much water at the roct causes the

W
ac ~

EZ Geranium case

Figure 3: Hypothesis analysis.



Teaching Critical Thinking Skills in Science
with sInvestigator

We have started the design and development of a cognitive
assistant, called s/nvestigator, that will help undergraduate
students develop critical thinking skills in addressing scien-
tific problems. s/nvestigator implements the computational
model of inquiry presented and illustrated in the previous
sections, in the form of general inquiry methods and general
knowledge about the properties, uses, discovery, and mar-
shaling of evidence. This enables s/nvestigator both to teach
the students how to approach complex scientific problems,
and to assist them in actually solving new problems.

Such an engagement of learners in an inquiry process to
generate hypotheses, gather data, and evaluate evidence is
aligned with constructivist learning theories, particularly
those related to discovery learning and problem-solving
(Bruner, 1961). Inquiry-based science teaching is com-
monly advocated (NRC, 1996, 2000; NGSS Lead States,
2013), but the use of inquiry methods alone may not be in-
herently engaging (Hampden-Thompson and Bennett,
2013). Students using slnvestigator will use and evaluate
evidence and hypotheses within the relevant course content.
This will provide a meaningful context within which stu-
dents may develop a deeper understanding of critical scien-
tific practices.

The next sections illustrate the planned use of s/nvestiga-
tor in the GMU undergraduate course HNRS 240 History of
Science. The actual example concerns the adoption of the
theory of plate tectonics in the 1950’s and 60’s. The goal is
to teach the students (sophomores from all disciplines) both
critical scientific practices and content knowledge.

Hypotheses Generation through Evidence in
Search of Hypotheses

At the beginning of the class the students are guided in the
abductive process of hypotheses discovery represented in
the left side of Figure 1.
The instructor presents

the students a world map Question

Hypothesis (possible answer)

(e.g., pOinting Spe- Evidence: World map
] Description: The shape of the continents in the map of the world.

Clﬁcally. to the Link: http:/de.wikipedia.org/wiki/Datei:Continents_vide_couleurs.

boundaries of Af-

rica and South

America), leading
them to propose as
alternative an-
swers, the two hy-
potheses from the
bottom of Figure 5.

The  instructor
continues to guide
the students in asking questions that explore possible higher-
level explanations of the World map evidence (see the left
hand side of Figure 5), until they develop the abductive rea-
soning chain from the middle of Figure 5. The top hypothe-
sis in the chain will be obtained by asking the students to
investigate which is the current theory related to the move-
ment of the continents.

Notice that each question asked has, in fact, multiple pos-
sible answers (see the hypotheses from the middle and right
side of Figure 5). In order to conclude that the top hypothesis
“H: The continents are the land part of plates that make up
the surface of the earth, and the plates are continuously mov-
ing” is true, one would need to show that each hypothesis on
the chain from the evidence “E1: World map” to this top
hypothesis is more likely than its alternative hypothesis. For
this, however, one needs evidence to test all these competing
hypotheses. The next section explains how such evidence
can be obtained using slnvestigator’s guidance.

Figure 4: A map of the world.

Evidence Discovery through Hypotheses in Search
of Evidence

As indicated in the middle of Figure 1, sInvestigator guides
the students to put each of the hypotheses from Figure 5 to
work to generate new lines of inquiry and obtain new evi-
dence. The strategy is to decompose each such hypothesis,
starting with the simpler hypotheses from the bottom of the

Hypothesis (possible answer)

H: The continents are the land part of plates

in the evidence module
of slnvestigator (see  QiHow arethe .
Figure 4), pointing to the continents moving?

shapes of the continents,
Q: Are the continents

and asking them to pro- still moving? H:
pose some hypotheses or <
explanations of these

Q: Why do the shapes of the H:

shapes: “Q: How are the
shapes of the conti-
nents?” (see bottom left
side of Figure 5). If the
students do not propose
any hypothesis, the in-
structor will give them
more detailed guidance

continents match as ina puzzle?
=,

Q: How are the shapes H:
of the continents?

that make up the surface of the earth,
and the plates are continuously moving

: The continents are continuausly moving H:

The continents have been together H:
once, broke, and moved apart

The shapes of the continents H:
match asin a puzzle

|
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H: The continents are continuously
maoving, but they are not on plates

The continents are no longer moving

Mature randomly shaped
the continents

The shapes of the continents
do not match

E1: World map

Figure 5. Discovery of hypotheses.



figure.

For example, Figure 6 shows the decomposition of the
hypothesis “H: The continents have been together once,
broke, and moved apart” into a conjunction of two subhy-
potheses. Each of them is further decomposed into disjunc-
tions of even simpler hypotheses that show much more
clearly what evidence to search for. The students will need
to look for evidence that either favors or disfavors the leaf
hypotheses in this tree, and we expect them to find evidence
such as that from the bottom left side of Figure 6:

E2: Similar shapes of continental shelf, another evidence
(in addition to E1) supporting the hypothesis “H: The
shapes of the continents match as in a puzzle.”

E3: Identical fossils on both sides of the Atlantic, sup-
porting the hypothesis “H: There are continuous fossil rec-
ords across continents.”

E4: Tropical fossils in Antarctica, supporting the hypoth-
esis “H: There are fossils records suggesting different con-
tinent positions in the past.”

The other hypotheses from Figure 5 are decomposed in a
similar manner to guide the search for evidence.

Evidentiary Testing of Hypotheses

Once evidence for a hypothesis is found, it can be used to
assess the probability of that hypothesis. This corresponds
to the evidentiary testing of hypotheses phase from the right
hand side of Figure 1.

For example, Figure 7 shows the probabilistic assessment
of the hypothesis “H: The continents are continuously mov-
ing.” To obtain it, the students have first to assess the be-
lievability of each item of evidence and its relevance to the
corresponding elementary hypothesis, leading to the proba-
bility of each elementary hypothesis. Then, the probabilities

of the upper level hypotheses are obtained from the proba-
bilities of the lower level hypotheses, by following the logic
of the argumentation structure.

As discussed previously and illustrated in Figure 5, stu-
dents are guided to consider more and more complex hy-
potheses that explain an observation, such as the shapes of
the continents in Figure 4.

They first collect evidence for the simplest competing hy-
potheses from the bottom of Figure 5.

Having assessed that the most likely of these two hypoth-
eses is “H: The shapes of the continents match as in a puz-
zle,” they continue with searching evidence for the next up-
per level competing hypotheses in Figure 5, and with testing
them, concluding that the most likely of these hypotheses is
“H: The continents have been together once, broke, and
moved apart.”

This process continues until the probabilities of the top
level hypotheses in Figure 5 are assessed. At this point the
students have succeeded in providing evidential support to
the plate tectonics theory.

The students will work in teams, each team developing its
own logic. Then they will present and debate the developed
argumentations and evidence, and will work together to de-
velop a better argumentation that integrates their best ideas
and evidence.

Types of Exercises with sInvestigator

While the previous section has illustrated the envisioned use
of sInvestigator to completely answer a scientific question,
the system could also be used to introduce various concepts
and methods through shorter exercises.

In one exercise, sInvestigator will teach the students how
a complex hypothesis is decomposed into simpler hypothe-
ses, and how the assessments of these simpler hypotheses

H: The continents have been together once, broke, and moved apart

H: The continents have been together once

H: There are
H: The shapes of H: There are fossils records
the continents continuous fossil suggesting

match asina
puzzle

records across
continents
past

Search for evidence
E1: World map

Search for evidence
E3: Identical fossils
on both sides of
the Atlantic

E2: Similar shapes in Antarctica

of continental shelf

different continent
positions in the

Search for evidence
E4: Tropical fossils

H: The continents broke and moved apart

H: The remnant
L . H: Young crust
magnetism is in stripes
- appears across
along the ocean ridges .
| the ridge

Search for evidence

H: The magnetic H: Rocks get older H: Magma
field changed as going away comes out
from the ridge  of the ridge
\ |
Search for Search for Search for
evidence

evidence evidence

Figure 6. Hypotheses in search of evidence.



are combined into the assessment of the more complex hy-
pothesis (as illustrated in Figure 7).

In another exercise, slnvestigator will teach the students
how to assess the relevance and the believability of evi-
dence. This exercise will provide both a decomposition tree
and a set of items of information, some relevant to the con-
sidered hypotheses and some irrelevant. The students will
be asked to determine which item of information is relevant
to which hypothesis, and whether it is favoring or disfavor-
ing evidence. They will also be asked to assess and justify
the relevance and the believability of each item of evidence.
After completing their analyses, the teacher and s/nvestiga-
tor will provide additional information, asking the students
to update their analyses in the light of the new evidence. Fi-
nally, the students will present, compare, and debate their
analyses in class.

In another exercise, s/nvestigator will provide an analysis
tree but no items of evidence, asking the students to look for
relevant evidence (e.g., by searching the Internet, or by per-
forming various experiments), and complete the analysis.

In a more complex exercise, slnvestigator will present a
scenario with a surprising observation, like the shape of the
continents discussed in the previous section. The students

will be asked to formulate competing hypotheses that may
explain the surprising observation, use the formulated hy-
potheses to discover evidence, and use the discovered evi-
dence to assess each hypothesis. Then they will compare
their analyses of the competing hypotheses, and will select
the most likely hypothesis. sinvestigator will assist the stu-
dents in this process by guiding them in decomposing hy-
potheses, in searching for evidence, in assessing the hypoth-
eses, in combining the assessments of the simpler hypothe-
ses, and in comparing the analyses of the competing hypoth-
eses.

sInvestigator will provide many opportunities for collab-
orative work. For example, a complex hypothesis may be
decomposed into simpler hypotheses, each assessed by a
different student. Then the results obtained by different stu-
dents will be combined to produce the assessment of the
complex hypothesis. Or different students will analyze the
same hypothesis. Then they will compare and debate their
analyses and evidence, and work together toward producing
a consensus analysis.

sInvestigator is envisioned as both a teaching tool for
teachers, and as a learning assistant for students. For exam-
ple, the teacher will demonstrate some of these exercises in
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class. Other exercises will be performed by the students, un-
der the guidance of the teacher, and with the assistance of
slnvestigator.

Exercises like the ones described above will make more
clear what is the level of understanding of each student for
each of the major aspects of the scientific inquiry. Thus s/n-
vestigator will also facilitate a more objective assessment.

slnvestigator may also be used to train teachers for in-
quiry-based teaching and learning. This can be done in a
classroom setting. But it can also be done through individual
learning because s/nvestigator can be installed on teachers’
own computers. Moreover, sinvestigator will come with a
stock of exercises like those discussed above.

Conclusions and Future Work

This paper has presented current research on designing and
developing cognitive assistants for supporting inquiry-based
teaching and learning of science.

Our future work will focus on the further development,
experimental use, and evaluation of s/nvestigator in two un-
dergraduate honors courses at George Mason University,
HNRS 353 Technology in the Contemporary World (Mod-
ern and Scientific Revolution) and HNRS 240 Reading the
Past (History of Science), addressing various topics, such as
the atomic structure, the Copernican revolution, and the the-
ory of evolution, in addition to the plate tectonics theory.
After that, we plan to introduce sinvestigator to the general
student body in the course PROV 301 Great Ideas in Sci-
ence, which is open to any George Mason student.

In the longer term we plan to investigate the development
and use of such cognitive assistants in other disciplines, and
not only for undergraduate students, but also for K-12.
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