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Abstract: In this paper, we present our work on framing with the view of implementing it in
an Intelligent Tutoring System (ITS). The process of framing a learning activity, in our case
problem solving, consists of having the activity in between a pre-action (or priming) phase
and a post-action (or reflective) phase. In previous work, we found that simulated framing,
in which the priming and reflection phases were led by a human teacher while the learning
activity itself was performed in an ITS, significantly reduces learning time and requires less
effort for similar gains. This paper presents the next stage of the project, in which the
priming phase is implemented in the ITS. We performed a pilot study using the extended
system, which resulted in the same trends as simulated framing.
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Introduction

In previous work [1] we have presented the initial results on the framing teaching strategy.
Framing is a pedagogical strategy that we have distilled from educators’ practices in tertiary
institutions and high schools. The strategy consists of three sequential phases whereby the
learning activity (action phase) is preceded by a pre-action (or priming) phase and followed
by a post-action (or reflection) phase. All three phases together form a learning session. In
the classroom, students generally participate in the pre- and post-action phases as a group,
while the action phase is done either individually or as a group.

The purpose of the pre-action phase is to prepare the student for the learning activity by
helping them focus on the concepts that will be used in the learning activity. The aim of this
phase is not to teach them the declarative knowledge required but to “set the scene” for the
learning activity. Teachers could lead the short, interactive session by (re-) introducing the
target concepts, linking them to previously learned concepts, working through examples,
discussing common misconceptions, and setting the "boundaries" for the session.

The learning activity phase immediately follows the pre-action phase. Here, the student
takes part in some activity that helps them interact with material relating to the target
concepts. For example, students might solve problems, engage in discussion, conduct
exploratory research, or run experiments. This phase is self-directed, enabling the student to
put into practice what they have learned, and the teacher might provide feedback.

Once the learning activity is complete, the teacher leads the students in the reflection phase.
The purpose of this phase is to encourage students to reflect on what they have learned in the
previous two phases. Students are encouraged to analyze their errors (including the source
of these errors) thereby uncovering misconceptions.

There are several theories that make framing a plausible teaching strategy. Cognitive Load
Theory [3] suggests that problem solving for novices generates heavy working memory
loads, which could be detrimental to learning. To balance these loads, teachers should
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provide guided instruction, help narrow the problem search space by creating “boundaries”
to each session, and alleviate the working memory restriction by making sure that only
items relevant to the task are loaded into the working memory. This is exactly what happens
during the priming phase.

Meta communication about the presentation of the subject is important for learning [4].
Prior to the learning activity, the student needs to know the boundaries of the lesson segment
(exactly what the lesson will contain), which should be well defined by the teacher. The
student needs to know the content of the session, differentiating between the old and the new
material. They also need to know the links between the new knowledge and previously
learned knowledge [4].

Many learning models view learning as a cyclic process, around which knowledge
acquisition, knowledge application and reflection occur. Andreasen and Wu [5] discuss a
few of the commonly used experiential models. Framing is a simplified (and thus possibly
easier-to-implement) version of many of the models.

Reflection promotes deep learning [6, 7, 8]. Critically analysing the learning experience
helps challenge the student’s underlying perception of the domain, identify and correct
misconceptions, and integrate new knowledge with existing knowledge [9]. This also
allows the student to transfer the newly acquired knowledge to other types of problems or
scenarios. Self-explaining one’s actions [10] and monitoring one’s progress via open
student models [11, 12] have been shown to be useful reflective tools that benefit learning.
Our project consists of three main stages:

1. The learning activity is implemented within SQL-Tutor [2], while the pre- and
post-action phases are facilitated by a human tutor. The purpose of this stage was to
investigate the potential of framing to improve learning before actually
implementing it in the ITS. The results of this stage were presented in [1] are
reviewed in Section 1.

2. The pre-action and learning activity phases are implemented in SQL-Tutor. This is
the current stage of our project.

3. The reflection phase is also implemented in the ITS.

We chose a suite of metrics early on to validate whether the way in which we implemented
Framing helps to achieve the intent. These metrics include Learning Efficiency [13],
help-usage metrics e.g. High-Level Help, Requests for Help [14, 15], meta-data about
problems solved and problems attempted (including difficulty levels), learning curves, and
pre and post-tests. The pre and post-tests were designed by a teacher to measure students’
knowledge. The same pre and post-tests are to be used in all stages.

1. Stage 1: Simulating the Framing Strategy

As stated earlier, the purpose of this stage was to simulate the Framing strategy in the
manner in which we planned to implement it in the ITS. This helped us gather some
information about framing with regards to learning and test out our decisions prior to
implementation. We selected a set of target SQL concepts, namely the concepts covered by
queries using the Group By and Having clauses, which students generally find difficult to
learn. SQL-Tutor was restricted to only present problems relating to these target concepts.
The study was held immediately after the relevant concepts had been covered in lectures.
The learning activity was problem solving in SQL-Tutor. The pre- and post-action phase
were interactive, whiteboard, group sessions, led by a human teacher. The pre-action and
post-action phases were limited to 10 minutes each, while the whole session lasted 100
minutes. In the pre-action phase, the teacher briefly reminded students of the target concepts
(taught in lectures previously) and, eliciting student participation, worked through a few
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examples of varying difficulty. The teacher also discussed typical misconceptions. After
interacting with SQL-Tutor, the students were prompted to reflect on their learning
experience by commenting on some of their own mistakes. The teacher also showed them
the most common mistakes that are usually made during the problem-solving phase.
Students were asked to find the errors (in terms of concepts and methods) in those incorrect
solutions before collectively working through to reach a correct solution.

Thirty-eight students from a second year database course participated in the evaluation for
no monetary reward. We divided participants randomly into two groups: experimental and
control. The idea was to perform the evaluation in a setting that was as close to the normal
learning environment faced by students. As such, the experimental and control sessions
were held during regular course lab sessions. Students in both groups completed a pre-test
and a post-test, which were of comparable difficulty and contained three questions relating
to the target concepts with the maximum mark of 12. After the pre-test, the experimental
group went through priming, followed by problem-solving and reflection phases, which
were run as described. In contrast, the control group entered the problem-solving phase
immediately after the pre-test. The pre-test, post-test, and problem-solving phases for both
groups were identical.

SQL-TUTOR Definition Worked example | Guided example Definition Worked example | Guided example

GROUP BY HAVING

The next bit ..

Ok, now that we've had a look at the GROUP BY clause, let's explore the HAVING clause.

The Having clause

® YYou can use the HAVING clause to specify conditions on groups
® The HAVING clause is linked very closely with the GROUP BY clause.
# Do not confuse between the HAVING and WHERE clauses. In the WHERE clause, you specify conditions on tupfes, whereas you specify conditions on groups in the HAVING clause.

Movies database

An example Explanations

Let's first look at the WHERE clause ... TITLE TYPE
#ddding & WHERE clause to our example will fiterthe tuples (according to the condtion). Who is that singing over there? comedy
— - Innocent corcerers comedy

title, type P
eter and Pavia comed!

FROM movie = I & X
WHERE type='comedy': fnme o comeay
Dr Strangelove comedy
In the above example, instead of seeing all the movies, we will only see tuples that are of type 'comedy'. The Guess who is coming to dinner comedy
resulting data will only be a list of comedies. ——— comay
How the GROUP BY and HAVING clauses ... The moon is blue comedy
Monsieur Hulots holiday comedy
Our example gave us a list of the number of movies for each type Playtime Gomedy
SELECT type. count{*) The cow and 1 comedy
FROM movie A funny dirty little war comedy
GROUP BY type: My sweet fittle village comedy
But... how can we filter this list to only display types that have more than 5 movies? My uncle comedy
i To be or not to be comedy
Ny - A sOltionmight beto Blazing saddles comedy
Q . by their type ... then The producers comedy
L4 the number of movies in each group ... then High anxiety comedy
® adda to only include groups that have more than five Silent movie comedy

movies
This is exactly what we wil do

SELECT type. count{%*)
FROM novie

GROUP BY type

HAVING count(*) > §:

That's it! We have not only summarised our data (per group), but also fittered the data using a condition. Here's a
sample output.

Further thoughts

® Can you have a HAVING clause without the GROUP BY clause?
*® What would it mean to group by more than one attribute? Can you think of an example?

Figure 1: Information about the Having clause

The results of this preliminary study [1] showed that the experimental group had a higher
problem-solving speed even though they attempted and solved problems of similar
difficulty while using similar levels of help. Furthermore, the experimental group was
significantly more efficient in their problem-solving phase than the control group. In other
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words, while they did not learn more than the control group, they expended significantly
less effort and therefore were more efficient.

2. Implementing Priming

We implemented the priming (pre-action) phase within the ITS using the lessons learned
from stage 1. The design of this stage was similar, except that we excluded the post-action
phase. The pre-action phase contained three steps for each of the target clauses (i.e. three for
the Group By clause followed by three for Having clause). Each of the three steps increased
from passive to more active in terms of student interaction. The first step contained the
declarative knowledge about the clause followed by an example (see Figure 1). The
example provided detailed explanation on how to solve the problem, and a possible
solution. Students could also click on a link to display the result of the query. A “Further
thoughts” section at the end gave more information to extend their knowledge of the clause.
Once the student read the information on this page, they proceeded to the next step.

The second (and fifth) step contained a worked example. Students could hover over parts of
the solution to get a detailed explanation for that part of the solution. Figure 2 shows the
worked example and the explanation for the condition in the Having clause. Hovering over
each part of the solution also highlighted the relevant part of the problem statement,
allowing students to link the problem to the solution. Students could also click on a link to
view the intended output of the query, or view the database schema.

The third (and sixth) step contained a strictly guided example. Similar to step 2, this step
contained a problem statement and an empty solution statement (with blanks that the student
had to fill in). When the student clicked on one of the blanks, the explanation for solving that
part of the problem was displayed. Figure 3 shows the situation when the student asked for
the explanation for the blank in the Having clause. The student could click the “Check”
button to check their solution. If the student made an error on one of the parts of the solution,
the explanation also contained a bottom out hint telling the student what to enter.

SQL'TUTOR Definition Worked example | Guided example Definition Worked example | Guided example

GROUP BY

HAVING: Worked example

The worked example below uses the HAVING clause. It is very similar to the worked example you explored for the GROUP BY clause. Read the problem and see if you can
figure out how the solution was created. You can get explanations if you hover your mouse over certain links.

When you'e finished exploring, click the Continue button

Problem

Find the number of movies that were produced in each year. Show only the years in which were produced. Assign the alias number_of_mowvies to
the number of movies column.

Yiew the intended output
Movies database

Solution Explanations

Hover over links to view explanations. Specifying a condition on groups

SELECT year, count(*) AS number_of_maovies
FROM movi
o Using the GROUP BY clause, we created groups of movie tuples (i.e. movies for each year),

GROUP BY year Now, using the HAVING clause, we can specify that we only want groups that have more
HAVING count*1>5 than 10 tuples (i.e. years that have more than 10 movies).

The HAVING clause allows us to set conditions on the groups.

Figure 2: Worked example
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The learning activity (problem-solving) immediately followed the six steps of the pre-action
phase. This phase was identical to stage 1, where students worked on problems in
SQL-Tutor. The problem set was restricted to problems using the target concepts.

SQL TUTOR Definition Worked example | Guided example Definition Warked example | Guided example

GROUP BY Havne

Having: Guided example

The guided example below uses the HAVING clause. It is very similar to the problem you saw earlier. Read the problem text and see if you can figure out how to create the
solution. Have a look at the explanations when trying to solve each part of the problem.

Click 'Check’ when you have entered a solution to a step.

Problem

Create a list of directors (director IDs will do) and the number of movies they have directed. Only include directors who have Use the
alias number_of_movies for the number of movies directed.

View the intended output
Movies database

Solution Explanations

SELECT director ) count(*) Using HAVING to impose a condition on the group
SSUMBer=IEMONsS As it stands, our query will output a list of all the directars (and the associated number of

FROM movie mavies). However, the problem wants the list to only contain directors that have directed more
than 5 movies
GROUP BY director
To do this, we need to the number of movies in each group and make sure that we only
HAVING |

include information if the count is greater than 5.

Figure 3: Guided example

3. Results

Thirty students participated in the evaluation for no monetary reward. We divided them
randomly into two groups: experimental and control. Two sessions were held during regular
course lab sessions (100 minutes long) on 13 and 14 May 2009 respectively. The students
participated in the study during the lab session they normally attended throughout the
course. Students in both groups completed the pre- and post-test (the same ones used in
stage 1 of the project). Following the pre-test, the experimental group went through the

pre-action phase in the newly added component, while the control group went directly onto
the problem-solving phase.

Table 1: Matched means and standard deviations for test scores (%) and gains

Pre-test Post-test Gain

Experimental group (n=5) 57.14% (s.d = 39.7) 75% (s.d = 16.6) 33.3% (s.d = 39.5)

Control group (n=12) 52.9% (s.d =26.3) 88.3% (s.d =11.2)  36.6% (s.d = 24.7)

The data we collected and analyzed included the pre/post-test results and just over 29 hours
(total) of SQL-Tutor student models and logs in which 30 students collectively made 1,769
submissions to the system. There were 17 students in the control group and 13 in the
experimental. However, only 17 students sat both tests, and we give the matched results in
Table 1. There were no significant differences in the performances of the two groups on the
pre-tests, post-tests or between gains (the gain is the difference between post- and pre-test
score). There was a significant difference between the pre- and post-test performance of
each group, indicating that students improved their domain knowledge during the session.
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These results provide us with “trends” even with the low number of students from the
experimental group that sat both tests (n=5).

The rest of the analyses were carried out on all the thirty students and the results are reported
in Table 2. The trends in this stage were very similar to those found in stage 1. The
experimental group spent less time solving problems; this was marginally significant
(t(25)=1.3, p=.09). Students in both groups solved a similar number of problems. This
means that the experimental group solved problems at a slightly faster rate, which was also
marginally significant (#(19)=0.46, p=.09).

We analyzed the problem difficulty levels for both groups. Did students in one group
attempt or solve problems that were significantly more difficult than the other that might
account for the differing speed of problem solving? Each problem in SQL-Tutor is assigned
a difficulty level by the SQL expert who authored the problems. Difficulty levels range from
1 (easy) to 9 (difficult) with non-trivial differences in difficulty between levels. SQL experts
have checked problem difficulty levels such that problems with the same difficulty level are
of similar difficulty. The problems attempted and solved were also of similar difficulty
between groups. This was also confirmed for the highest and lowest difficultly level of
problems attempted and solved in both groups i.e. students solved similar types of problems.
On average, the experimental group made 49 (26.6) attempts while solving problems, while
the control group made 68 (49.3) attempts; the difference was not significant showing that
the both groups got similar amounts of feedback from the system. However, to check that
students from one group did not receive higher levels of feedback (e.g. they used full
solution much more than the other group), we calculated the high-level help used for both
groups. High-level help (HLH) [14, 15] is defined as the type of help given by a system that
provides (part or all of) the correct solution to the student rather than having the student to
solve the problem; e.g. full solution is a type of HLH. Another important characteristic of
HLH in SQL-Tutor is that the HLH levels have to be manually requested by the student
whereas the ITS might automatically provide other types of feedback (Low-level help). The
HLH ratio is the number of HLH attempts divided by the total number of attempts. This
shows us the proportion of HLH use, from 0 (no HLH use) to 1 (the student used HLH on
every attempt). Students from both groups used similar amounts of high-level help during
this phase; 0.46 (0.26) for the experimental group and 0.43 (0.34) for the control group.

Table 2: Results for experimental and control groups

Experimental Control
Difficulty of problems attempted 5.02 (0.59) 4.95 (0.53)
Difficulty of problems solved 5.01 (0.55) 4.91 (0.56)
Lowest difficulty of problems attempted 3.53(0.51) 3.64 (0.49)
Highest difficulty of problems attempted 7.0 (1.35) 6.82 (1.7)
Lowest difficulty of problems solved 3.61 (0.50) 3.64 (0.49)
Highest difficulty of problems solved 6.92 (1.32) 6.70 (1.82)
Number of problems solved 10.15 (5.03) 10.5 (6.4)
Time spent on problem solving (min) 52.46 (18.09) 65.17 (33.9)
High-level Help (HLH) ratio 0.46 (0.26) 0.43 (0.34)
Request for Help (RFH) attempts 1.84 (0.68) 1.88 (1.40)
Relative learning efficiency (E) 0.11 -0.12

The relative learning efficiency (E) is defined as the performance gained in one condition
(the experimental condition) over the effort expended in relation to another condition (the
control condition). A condition is more efficient if “1) their performance is higher than
expected on the basis of their effort and/or 2) their invested effort is lower than might be
expected on the basis of their performance” [13]. To calculate the efficiency of
problem-solving for each group, we used “time” as the effort spent and “test gains” as the
performance measure. The relative efficiency is found by first converting each of the raw
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scores to a z score by subtracting the grand mean from the raw score and dividing by the
standard deviation. E scores then are found by calculating the perpendicular distance
between each z score and the E=0 line when plotted on a Cartesian graph. As with stage 1,
the efficiency of the experimental group (E = 0.11) was higher than that of the control group
(E = -0.12). This was marginally significant (#(28)=1.11, p=0.1, one-tailed, assuming
unequal variances).

We also plotted learning curves for both groups (4). Although the differences were not
significant, the trend lines indicate that the experimental group learned at a higher rate than
the control group.
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Figure 4: Case study 2: Learning curves for experimental and control groups

4. Discussion and Conclusions

This paper presented the second stage of our project, aiming to implement the framing
teaching strategy in an ITS. In previous work, we performed a preliminary study with
simulated framing, in which the pre-action and post-action stages were led by a human
teachers instead of being implemented in the ITS. The aim of stage 1 was to see whether
framing is an effective strategy for an ITS before actually implementing it and therefore
committing significant recourses. The results of Stage 1 show that Framing results in
significantly faster and more efficient learning.

In this current (second) stage of the project, we implemented the priming phase in
SQL-Tutor. This is the first time framing has been implemented in ITSs. The trends
gathered from the evaluation of this stage suggest that this implementation worked in a
similar manner to that in stage 1. Note that this does not mean that we have achieved an ideal
implementation. In fact, although the trends were similar to stage 1, the results gained were
not as significant. We have pinpointed at least four possible reasons. First, we had a small
number of participants, and therefore cannot make solid conclusions. Secondly, even
though the pre-action phase in stage 1 was non-adaptive to the individual, the human teacher
adapted to the group as a whole, especially during the worked examples step (when the
teacher interacted with the group). This might have increased the effectiveness of the
pre-action phase in stage 1. Thirdly, we decided to omit the “common misconceptions” step
and only concentrate on correct knowledge. One reason was to keep the pre-action phase
reasonably short (to stop it encroaching on the problem-solving). Another reason for the
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omission was that presenting correct knowledge followed by incorrect knowledge (common
misconceptions) did not seem intuitive using our method of presentation. Finally, the
method of presentation differed in both stages. While we had a human teacher (animated,
expressive, utilizing the student’s visual and auditory senses) presenting in the first stage,
we had a series of web pages with limited interaction in the second stage.

The results from this stage, added to that of the previous stage, increase our knowledge and
give us a more detailed picture about various decisions we made and aspects of this strategy.
Due to the evidence gathered in these stages, it is possible to implement the post-action
phase in stage 3 and thus have a system that fully employs the Framing strategy in
SQL-Tutor. However, information gathered from this stage suggests that we also could split
the development path into a spike that evaluates some of the reasons given in the discussion
above and tries to improve on the pre-action phase (say, stage 2B) while continuing
development on stage 3. As we have gathered baseline information in stage 2 regarding the
pre-action phase, the two stages (stage 2B and stage 3) can be undertaken concurrently. If
the spike in stage 2B is successful, the improved pre-action phase can be added with
confidence to the system at a later date.
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