Evaluating ACE in a High School Environment – June 2007

Experimenters: Iulian Radu, Kasia Muldner
1. Objectives & Approach

The objectives of this study are twofold. Primarily, we are interested to know if the intelligent support in the ACE exploratory environment helps students to learn more than if intelligent support is not available. Secondarily, we wish to investigate the effectiveness of the intelligent support, specifically in judging the response to exploration and explanation prompting system.

In this experiment, a group of high school students interacted with the system as either control subjects (whose environment contained no intelligent support), or experimental subjects. Data was collected as pre/post tests, questionnaires, and application log files and all analysis was done after the experiment.

2. Study Participants

The study participants were composed of a group of 21 high-school students from Grade 8 (aged ~13 years), enrolled in a Mathematics 8/9 class at Prince of Wales Secondary. Prior to the study, students were unfamiliar with function graphs (eg: did not know how to draw the graph of f(x) = 5) but knew how to handle functions (eg: knew how to calculate “y” if given “x” in “y = 5x”); they were also familiar with exponents. 
Compensation was given in the form of pizza and pop prior to the study (3 slices and 1 pop allocated for each student).

During the experiment, the group was split into 10 control and 11 experimental subjects. Pre-test and post-test data was collected from all students. Interaction log files were analyzed for all but 1 control and 1 experimental subject.

3. Study Methodology

After the eating break in a separate room, students were brought into the computer lab and mostly allowed to sit where they wished. The experimenters ensured that two groups were formed on separate parts of the room, with the specified number of subjects in each group.
For the first 10 minutes of the study, the students were given an initial introduction to mathematical concepts such as function graph, slope, intercept, exponent, scaling and shifting. Since the students were unfamiliar with plotting, they would not know the definitions of the concepts appearing in the text of the ACE interface and pre/post tests; thus, a whiteboard was used to show these concepts throughout the duration of the experiment.
The pre-test was then administered for the next 20 minutes. Students were instructed to not answer questions they do not know the answer to, and to cross out questions they did not have time to answer.

Before student interaction with ACE, a 10-minute demo of the system was given. The system was started in a mock Plot exercise and its tools (Lesson Browser, Exploration History, Calculator, Explain-Concept, and Hint (for experimental group)) were introduced.
The students were then allowed to play with the interface for 25 minutes. They were instructed to not talk to each other, raise their hand in case they have questions or feel they are finished. If a student felt they are finished playing with the initial Plot unit exercises, the interface was restarted in Machine unit. (Note: the Machine interaction logs were not included in the following analysis.)
Finally, the post-test was then administered for 20 minutes, followed by questionnaire for 10 minutes.
4. Study Materials

All the study materials, including distribution of ACE, log files and documentation can be found in the directory:

\lci\project\conati\ace\iulian\USER_STUDIES\2007-jun-15-STUDY 
The ACE system was configured as follows:

· in both experimental and control groups, the interface contained History and Explain-Concept tools

· In the control group, the interface was configured in “dumb” mode: no intelligent support is available – i.e. there is no capability to request hints, no exploration or explanation prompts pop up, and the history dialog shows concepts touched through exploration

· In the experimental group, the interface has intelligent support: the student can request hints, is prompted if not enough exploration, and is prompted by gentle and strict explanation prompts; additionally, the history dialog indicates whether the model is confident that exploration of concepts is above threshold
· Additionally, there was a demo configuration for the demo component of the experiment; in this part, the interface was configured:

· For the control group, as it would be during the regular experiment

· For the experimental group, as for the control group (ie: without intelligent support) but with the Hint button enabled

The pre / post tests, along with an outline of the oral presentation are available in the Appendix. 

5. Dependent Measures

Experimental Group

· Learning gains from pre to post test

· Amount of user-driven tool activity

· Amount of intelligent support elicited 

· Total number of hints requested

· Amount of non-intelligent support elicited

· Number of self-activation of History tool

· Number of self-activation of Concept-Explanation dialog 

· Number of self-activation of Browser tool

· Number of self-activation of Calculator tool

· Intelligent tool activity

· Amount of system hints given

· Number of Exploration prompts provided

· (Explanation)
· Number of gentle explanation prompts provided

· Number of strict explanation prompts provided

· User response to intelligent activity

· Amount of direct response to hints (percentage)

· Exploration: measured as prompts followed when the student decides to Stay in an exercise
· Explanation

· Gentle prompts: measured as prompts followed when the student spends at least 16 seconds without carrying out an action after a prompt:   

· Strict prompts: measured as prompts followed when the student answers at least 1 correct question to the Explain-Concept dialog.
· Amount of indirect response to gentle, strict, or requested hints
· % of time spent in special windows after gentle prompts

· % of hints requested

· % of exploration actions

· % of self-activation of Concept-Explanation dialog

· % of self-activation of History tool

· % of self-activation of Browser tool

· % of self-activation of Calculator tool

· User exploration over time

· Number of actions, average time per action
· Various tool usages (History, Browser, Explain-Concept tools)
· Following hints over time

· Exploration

· Gentle

· Strict

Control group

· Learning gains from pre to post test

· Amount of tool support elicited

· Number of self-activation of History tool

· Number of self-activation of Concept-Explanation dialog 

· Number of self-activation of Browser tool

· Number of self-activation of Calculator tool

Cross-group
· Differences in pre/post test scores
· Differences in exploration

· Amount of exploratory actions

· Time per exploratory action

· Differences in tool use
· Number of self-activation of History tool

· Number of self-activation of Concept-Explanation dialog 

· Number of self-activation of Browser tool

· Number of self-activation of Calculator tool

6. Results

6.1 Experimental Group Results
6.1.1 Learning Gains from Interaction
The experimental group shows improvement in test scores after interaction with ACE. Note that the pre and post tests consist of 4 sections (labeled Part 2, 3, 4, 6); outliers have been removed from the following counts.
	Test Component
	Avg. score difference
	SD

	Part 2 – computing function output
	1.2
	2.5

	Part 3 – general graph properties
	3
	3.0

	Part 4 – matching equations to graphs
	0.8
	1.5

	Part 6 – graph properties of a function
	0.9
	1.8

	All sections
	5.6
	5.6


It is expected that Part 2 scores be fairly low because this section deals with calculation of the output of a function, which is not emphasized in the ACE Plot exercises. The highest increase in test scores is in Part 3, which deals with determining basic graph properties such as shape, slope and intercepts. It’s probable that through the interaction, a student would first learn how a function changes a graph (reflected in scores of Part 3), and then focus on what the function would specifically look like (reflected in scores of Part 4). Since the increase in Part 4 scores is fairly low, this means the interface did not push students to think sufficiently about the correlation between function and graph in order to answer these questions, or students were too inexperienced to pick up these details. The ACE interface contains the Explain-Concept tool for rehearsing general graph properties, as appearing in the test Part 3; perhaps it may be useful to have ACE tools which cause students to think about specific effects of a function on the graph, as to be able to answer questions in Part 4. The last section of the test, Part 6, deals with the effects of a function on the properties the graph; these questions are similar to those posed in the Explain-Concept tool, so students are expected to know these answers. The results are low, however, in part because students may not have had time to answer these questions. Overall, interacting with the interface appears to improve student knowledge about functions and graphing.
6.1.2 Amount of User-Driven Tool Activity

To analyse user-driven tool activity, usage counts were gathered from log files for the associated dependent measures. 

A. Amount of intelligent support elicited

During the interactive session, the amount of hints requested by users was 6.8 on average, with a standard deviation of 7.1. This indicates that students felt a need to request hints roughly every 3-4 minutes.
B. Amount of non-intelligent support elicited

Non-intelligent support was determined by observing the user activation of the following tools:

	Tool
	Avg. number of accesses
	SD

	History tool
	1.7
	1.9

	Concept-Explanation dialog 
	10
	8.4

	Browser tool
	.8
	1

	Calculator tool
	1
	1.4


6.1.3 Amount of Intelligent Tool Activity

A. Amount of system hints given to students
The amount of support provided automatically by the system during the interaction session is as presented below: 

	Automatic Prompt Type
	Avg. number of appearances
	SD

	Exploration
	0.5
	4.1

	Explanation-Gentle
	9
	7.6

	Explanation-Strict
	6.5
	5.7


The following graphs show the change in average number of explanation prompts over the time of interaction:
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Note that close to the end of the interaction period, some students had lost interest and were not playing with the interface.
The fact that the number of prompts does not generally show a decreasing pattern over time indicates that either the student’s exploratory behavior is not changed by the system (ie: the prompts do not teach the student to think more in general), or the prompting algorithm does not adapt to the student’s knowledge of concepts.

B. User response to intelligent activity
The student response to ACE intelligent prompts is measured from observing the direct reaction to the prompt, and also from the longer-term effect on tool use and activity.
B.1. Direct response to hints
All ACE prompts have criteria for determining whether a subject has followed the interface suggestion. Exploration prompts are considered as followed if the user decides to stay in the exercise which they attempted to leave prior to being prompted. Gentle exploration prompts have an inactivity threshold of 16 seconds which must be satisfied in order for the prompt to be considered followed. Finally, strict exploration prompts are considered followed if the user provides at least one answer to the multiple-choice explanation question being posed.

	Automatic Prompt Type
	% of prompts followed
	SD

	Exploration
	48
	33

	Explanation-Gentle
	21
	30

	Explanation-Strict
	57
	39


Although the amount of prompts followed by students is not very high overall, the amount gentle prompts followed is significantly lower than the other types of prompts. This indicates that there may be a problem with the way this prompting is delivered. The following graph shows the amount of time in inactivity spent by students after a gentle prompt:
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The average time of inactivity after a gentle prompt is 6.1 seconds (s.d. 4.2) (after discounting an outlier of 45s). As noted in the following section, it may be the case that students are either not accustomed to thinking through inactivity, or they do not have enough conceptual knowledge in order to think about the concepts presented. 
B.2. Indirect response to hints

The more long-term effect of these prompts was determined by monitoring tool usage, requests for hints, and number of exploratory actions for the next 20 seconds of interaction (called the “effect window”). In the summaries below, “effect window size” indicates the percentage of effect observation time as a ratio of the total time. The usage statistics show how much of the total use of each tool has occurred within these “effect windows”.
Activity following Exploration Prompts (effect window size: 4% (s.d. 3%))

	Type of Activity
	% of total tool activity
	SD

	Request for Hints
	23
	36

	Exploratory Actions
	4
	5

	Self-initiated access of Explain-Concept dialog
	19
	34

	History tool usage
	38
	46

	Browser tool usage
	10
	22

	Calculator tool usage
	8
	16


This data indicates that following a prompt to stay and explore an exercise, students take an effective exploration role by accessing history tool to determine which concepts they have missed, requesting more hints to guide them to more components of the exercise, or even reviewing concepts through the explain-concept dialog. 

Activity following Gentle Prompts (effect window size: 12% (s.d. 7%))

	Type of Activity
	% of total tool activity
	SD

	Request for Hints
	15
	33

	Exploratory Actions
	31
	23

	Self-initiated access of Explain-Concept dialog
	5
	8

	History tool usage
	2
	8

	Browser tool usage
	0
	0

	Calculator tool usage
	0
	0


A third of exploratory actions occur within 20 seconds of gentle prompts. This shows that the gentle prompt spurs exploration activity and some requests for hints, rather than the intended self-explanation activity. This data, coupled with the fact that only 21% of gentle prompts are followed by a long period of inactivity (as reported in the previous section), could indicate that either students are generally not used to “thinking” without active exploration, or they may require longer periods of time to get a mental grasp on the unfamiliar concepts presented.
Activity following Strict Prompts (effect window size: 9% (s.d. 6%))

	Type of Activity
	% of total tool activity
	SD

	Request for Hints
	13
	33

	Exploratory Actions
	18
	23

	Self-initiated access of Explain-Concept dialog
	2
	5

	History tool usage
	3
	8

	Browser tool usage
	0
	0

	Calculator tool usage
	0
	0


There is less activity following strict prompts because students spend their time in the Explain-Concept dialog window; however, there is still a significant amount of activity for exploration and hint requests following these prompts.
Activity following requested Hints (effect window size: 7% (s.d. 8%))

	Type of Activity
	% of total tool activity
	SD

	Request for more Hints
	32
	26

	Exploratory Actions
	14
	14

	Self-initiated access of Explain-Concept dialog
	4
	8

	History tool usage
	33
	39

	Browser tool usage
	23
	32

	Calculator tool usage
	50
	58


It can be seen from this data that a lot of History, Browsing and Calculator tool usage is initiated as a results of hints, and a fair amount of exploratory activity is also prompted. This indicates that the hints work effectively to prompt exploration through tool activity. Inactivity in Explain-Concept dialog could be an indicator that students do not learn sufficiently enough to double-check their knowledge through this tool, or that they do not remember to use this. (An improvement to the hinting system is to add reminders of the Explain-Concept tool). 
6.1.3 Correlations between Measures
The following results have been acquired by performing one-tailed Pearson bivariate correlation on the dependent measures.
A. Exploration and Learning
A.1. Differences in Learning from Pre to Post Test
	Correlated Variable
	Significance
	Explanation

	Explain Concept dialog usage after requesting a Hint
	.022
	Good students think about hints and ensure they have learned the right thing by testing themselves through the tools. 

	Percent of History tool usage after Gentle prompt
	.052 (weak)
	Using History tool may help students to determine which concepts to look at next, or to validate which concepts they have just learned.

	Percent of History tool usage after Strict prompt
	.052 (weak)
	

	Total number of Strict prompts
	.07 (weak)
	Prompts may be conducive to learning, thus more prompts leading to more learning. (However, if the student is a good learner by default, then a large amount of prompts may indicate that the system is not detecting this property about the student.)

	Total number of Gentle prompts
	.09 (weak)
	

	Number of Exploration Steps
	no correlation

.147
	The type of student and manner of interaction is important to learning, not simply the amount of exploration.


A.2. Total Number of Exploration Steps

	Correlated Variable
	Significance
	Explanation

	Total number of Gentle prompts 
	.004
	(As supported in the previous section), probably a result of both (1) the prompts causing more exploration, and (2) the prompting system not adapting to the student / the student not adapting their thinking to decrease prompting.

	Total number of Strict prompts 
	.002
	

	Tendency to follow Exploration prompts
	.032
	Following the prompt system causes more exploration. 

	Tendency to follow Gentle prompts
	negative

.043
	This could indicate that following Gentle prompts decreases the number of exploration steps, as intended; however, this is unlikely (as per discussion above), and thus is taken to indicate the more exploration decreases the amount of gentle prompts followed. (This latter effect could be because some students may be faster explorers and unable to follow gentle prompts, or it may be because after a while students begin not to follow these prompts.)

	Number of Hints requested
	.076 (weak)
	Most probably caused by the fact that as more time passes, the student has more opportunity to access these tools.

	History tool usage
	.057 (weak)
	

	Browser tool usage
	.023
	

	Percent of History tool usage after an Exploration prompt
	negative correlation

.04
	Either less history use after a prompt causes the student to explore more cases; or more exploration causes the student to know which cases they have left to explore in an exercise.

	Percent of Hints requested after receiving a Hint.
	.06 (weak)
	This may indicate that as the students explore more, they get bored and wish explicit answers; or that the initial hints are not too useful (this is supported by the fact that 32% of requests for hints occur following a previous request).


B. Hinting System
B.1. Number of Hints Requested

	Correlated Variable
	Significance
	Explanation

	Number of steps
	.076 (weak)
	Discussed above for the Number of Steps variable.

	Total number of Gentle prompts
	.021
	Students getting prompts are requesting hints, as supported above; but it may also be that hints cause exploration and thus more prompts.

	Total number of Strict prompts
	.033
	

	History tool usage
	.015
	Hints cause students to frequent these tools.

	Browser tool usage
	.025
	

	Percent of History tool usage after Gentle prompt
	.015
	This could occur if students find that, after using the History tool, they use the hinting system to give them pointers to which concepts should be explored.

	Percent of History tool usage after Strict prompt
	.015
	

	General activity following a hint
	Multiple correlations
	This is to be expected, as more hint requests will cause a higher percent of tool activity to follow after hints.


B.2. Tendency to follow Exploration prompts

	Correlated Variable
	Significance
	Explanation

	Number of steps
	.032
	Discussed above for the Number of Steps variable.

	History tool usage
	.003
	Usage of History tool follows exploration prompts, as seen above.

	Browser tool usage
	.001
	Perhaps because the Browser is a tool, the students use it before finishing an exercise, and thus receive prompts which they follow. Also, usage of Browser tool is associated to exploration prompts as seen above.

	Calculator tool usage
	.037
	It is unclear why these variables are correlated.

	Total number of Gentle prompts
	.024
	Tendency to follow Exploration prompts is correlated to the number of steps, and thus correlated to an increase in amount of prompts.

	Total number of Strict prompts
	.017
	

	Percentage of History tool usage after Gentle prompt
	.069 (weak)
	This might be an indicator that keen students who follow exploration prompts also use more tools after other types of prompts.

	Percentage of History tool usage after Strict prompt
	.069 (weak)
	


B.3. Tendency to follow Gentle prompts

	Correlated Variable
	Significance
	Explanation

	Number of steps
	Negative
.045
	Discussed above for the Number of Steps variable.

	Total number of Gentle prompts
	Negative

.075 (weak)
	As discussed above, students may have a problem following Gentle prompts.

	Pre-test score
	Negative

.063 (weak)
	A higher pre-test score could indicate that the student is brighter and perhaps thinks faster, thus not taking the allocated time to think after a Gentle prompt.

	Total number of Exploration prompts
	.045
	It may be that as a student gets more prompts of one kind, an increase is caused in the tendency to follow hints of another kind.

	Total number of Strict prompts
	Negative
.042
	As expected, if gentle prompts are followed, then a decreased number of strict prompts will occur.

	Percentage of Explain-Concept tool usage after Exploration prompts
	.011
	A person who uses Explain-Concept after an exploration prompt is one displaying explanation abilities, thus they will most likely spend time thinking about concepts, and thus take time to follow Gentle prompts.

	Tendency to follow Strict or Exploration prompts
	Not significant
	Shows that different students respond to different types of prompts.


B.4. Tendency to follow Strict prompts

	Correlated Variable
	Significance
	Explanation

	Percent of exploratory actions after Gentle prompt
	negative

.006
	Since there is a negative correlation, this means that a student who follows strict prompts will carry out these actions less often within the time windows following a prompt, and more often outside of prompts (ie: the student is keen on self-driven exploration).

	Percent of Explain-Concept tool usage after Gentle prompt
	negative

.033
	

	Percentage of Hints requested after Gentle prompt
	negative

.052 (weak)
	

	Percentage of Exploratory actions after Strict prompt
	negative 

.007
	

	Percent of Explain-Concept tool usage after Strict prompt
	negative

.025
	

	Percentage of Hints requested after Strict prompt
	negative

.054 (weak)
	

	Percent of Calculator tool usage after a Hint
	negative

.031
	


C. Tool Usage

C.1. History tool usage

	Correlated Variable
	Significance
	Explanation

	Number of steps
	.057  (weak)
	Discussed above for the Number of Steps variable.

	Tendency to follow Exploration prompts
	.003 
	As noted above, History tool usage follows in the response to exploration prompts.

	Total number of Gentle prompts
	.013
	This correlation may occur because as more exploration steps are made, more gentle and strict prompts occur, as well as higher History tool usage.

	Total number of Strict prompts
	.023
	

	Number of Hints requested
	.015
	As noted above, History tool usage follows Hint requests.

	Amount of Browser tool usage
	.005
	The Browser tool is generally closely correlated to the History tool, indicating that students use tools together.

	Percentage of History tool usage after Gentle prompt
	.066 (weak)
	Students who use the History tool frequently use it mostly after Gentle and Strict prompts.

	Percentage of History tool usage after Strict prompt
	.066 (weak)
	


C.2 Explain-Concept tool usage

	Correlated Variable
	Significance
	Explanation

	Following Gentle prompts
	Negative

.071 (weak)
	It may be that students who use the Explain-Concept tool do not feel it necessary to think a lot in response to gentle prompts.

	Percentage of exploration actions after Exploration prompt
	Negative

.062 (weak)
	Similarly, it may be that students who use this tool are accustomed to thinking about their actions, and thus do not feel it necessary to explore a lot in response to Exploration prompts.

	Percentage of Explain-Concept tool after Exploration prompt
	Negative
.018


	Students who frequently use this  tool do access it not just after Exploration prompts.


C.3 Browser tool usage

	Correlated Variable
	Significance
	Explanation

	Number of steps
	.023
	Discussed above for the Number of Steps variable.

	Total number of Exploration prompts
	.021
	Exploration prompts are closely related to Browser tool usage, as seen above. 

	Following of Exploration prompts
	.001
	

	Total number of Gentle prompts
	.044
	Both Browser usage and number of gentle prompts increase with the number of exploration steps.

	Total number of Hints requested
	.025
	As reported above, requests for hints are often followed by Browser tool activity.

	History tool usage
	.005
	Discussed above for the History Tool variable.

	Calculator tool usage
	.005
	Perhaps this shows student’s inclination to use tools.


6.2 Control Group Results
6.2.1 Learning Gains from Interaction

The control group also shows improvement in test scores after interaction with ACE. 

	Test Component
	Avg. score difference
	SD

	Part 2 – computing function output
	0.3
	2.2

	Part 3 – general graph properties
	4.5
	1.8

	Part 4 – matching equations to graphs
	1.3
	1.8

	Part 6 – graph properties of a function
	2
	2.9

	All sections
	8.1
	5.0


These measures are similar to those reported for the experimental group; for cross-group comparisons, see section 6.3.

6.2.2 Amount of non-intelligent support elicited

Non-intelligent support was determined by observing the user activation of the following tools:

	Tool
	Avg. number of accesses
	SD

	History tool
	1
	1.1

	Concept-Explanation dialog 
	8.9
	7.9

	Browser tool
	1.8
	.9

	Calculator tool
	1.3
	1.4


As will be seen in the next section, the usage of History and Concept Explanation tools is lower in the control group than in experimental group, while use of Browser and Calculator is slightly higher.

6.3 Cross-Group Comparisons
6.3.1 Differences in Learning

The differences in learning for various test sections are displayed in the following graph.
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Statistical 2-sample T-Tests over the score differences in the two groups show that the learning effects are not significantly different for independent sections or total scores.

6.3.2 Differences in Exploration

A. Exploratory Actions
The number of exploratory actions performed over time is less for the experimental group. On average during the interaction with the tool, the group performed 82 exploratory steps (s.d. 67); the control group performed significantly more actions, 202 on average (s.d. 92). A single-tailed (Pearson) bivariate correlation showed that the number of exploratory steps are significantly correlated (sig. 0.002) to group assignment. The progression of exploratory actions is shown in the following figure.
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On average, the experimental group students took longer time per exploratory action versus the control group:
	Group
	Avg time per action
	SD

	Control
	6.0
	2.3

	Experimental
	8.2
	5.0


B. Tool Usage

Tool usage also differed across groups, as shown below. The bivariate correlation test also showed that group assignment is significantly correlated to usage of Browser tool (sig. 0.025).
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7. Observations
7.1 Comments on the executing the study
(general)

· There were problems with the large group size
· with so many students, it’s necessary to have teacher there to guide and control them

· students suffer from short attention span, so can't trust that they will follow instructions.. thus need a really controlled environment

· the VSB computer environment allowed people to navigate folders, play games, surf the net, even play music... this caused them and peers to be distracted; students should not be able to do anything else but what they are focusing on 

· students would talk to each other, affecting their interaction and tests

· time needs to be uniform and enforced; because of so many students to start/end on a task, some were doing other things

· 3 supervisors for 20 students is not a reasonable setup; for each supervisor there should be 4 students (preferably 2) so ensuring that all stay on track and do what they are supposed to

· more time to be allocated for administrative and tutorial tasks; ex: moving from food to lab: 5 mins, giving math tutorial 10 mins, distributing/collecting tests 5 mins, giving ace tutorial: 10 mins, buffer 15 mins

· 5-min warnings were good before time was up

· seating should be random.. in this study people sat with their friends, so there were similarities in the participants of each groups (should do this at beginning, right before going to the lab)
· some students needed more structure for the interface interaction – they did not know what they were supposed to be doing / focusing on, or when they were “done”. This probably occurs because they did not know plotting to begin with.

(tests)

· almost nobody followed instruction to make a mark when not enough time (this is especially difficult because people dont complete sections in sequence).

· need to add “I dont know” answer, and consider unanswered questions as not-enough-time

· students talked to each other, possibly sharing results, should not be allowed

· tests all need to be collected before ace interaction starts; caught a person checking answers with the interface (
· students dont like the idea of a test, were growling at post test... but not much we can do

· students did not have any questions during test

(computer setup)

· had Java execution scripts for group 1 and 2, but they were stored in same folder as ACE. This required us to delete group 2 files for group 1 computers (and vice-versa), a tedious process; next time there should be 2 separate ACE directories, one of which is copied for the respective group, and the script names should be the same for both groups
· the VSB machines are tricky because they erase the hard drive upon reboot

· currently, logs were put on machine Desktop; so should put logs in network drive, with the log file identified by machine name/ip address
· log files should not be overwritten; rather, at each run a new log file should be created, because students restarted the application quite a few times (don’t know why)

· some tried to start from the network rather than desktop... should hide the network copy

(demo)

· using the same exercise as in test is not good because screw up logging

· can do a mock exercise where Plot unit interaction is simulated, but with no relation to a plot -  for example changing the time of a clock by dragging hands / entering numbers
· tutorial walk-through does not work for large group - needs to be more controlled

· students have difficulty following detailed instructions, and it’s difficult to see which students are lost because there is no close supervision

· suggest using a pre-recorded / semi-interactive visual tutorial instead

(ace system)

· ace should show in title bar what version it is currently running (ie: demo or actual experiment, so the experimenter can double-check)

· Some got bored of plot unit in ~15 mins interaction, played with machine (and were interested in it)

· others stopped interacting and did something else because computer allowed them to

· ACE system does not log when the window gains or loses focus; thus it’s difficult to tell if the students were doing something else at the same time
· there was one occurrence of ACE freezing (due to a java exception terminating a thread) – exceptions should be caught at highest level and logged, and the application to display an error message

· students restarted the application quite a few times (not sure why) so had to append log files together
7.2 Known bugs still in system at time of study
· strict prompts are not properly logged – log file currently says “GENTLE_PROMPT because <concept> was prompted before”, when in fact it should say “STRICT_PROMPT ..”– this has been fixed in future versions
· there are errors in the logs from Machine unit – this and Switchboard unit contain just exploration prompts, but a buggy explanation prompting is hooked in the background generating prompting errors in the logs
8. Appendix
Appendix A: Itinerary and Vocal Directions

	0.( 9:30) call for pizza production 

  (10:00) arrive @ school, go to computer lab

 - install on 2 separate rows of computers same software, delete the other group's files

  (11:15) go to math class

1. collect consent forms

2. general introduction


- we are running a study to evaluate some educational software


- we will tell you more about the study shortly but first we are going to eat

3. pizza, pop. 


- there is enough pizza so each of you has 3 slices and 1 pop; enjoy

4. (11:30) Introduction


- go to computer lab


- seperate them into two groups, you can sit down anywhere on your group's side


- please write your name and group # on the piece of paper provided 


- our study has 3 parts: 



you will write a pre test, 



use our software which we call ACE and 



then write  a posttest


- the test questions are just to help us see if ace helped you learn,


 and will not in any way affect your school grade; 


- your teacher will not see how you did on these tests


- before we start we will introduce some terminology


terminology: (draw on board, label them in colors)



- how much do you guys know about graphs ? do you know what a function looks like ? ...



the graph of a function



x,y intercept



slope



exponent



scaling



shifting



coefficients / parameters

5. 11:40 we will now write the pretest, 



- please write your name on the pre-test just like you did on the sheet by your computer



- for this and the remaining parts of the study please don't talk to each other



- if you don t know something please don't answer it just leave it blank



pre-test and go on; it's perfectly ok to not know answers to questions (in fact, you may



have pages of questions you dont know how to answer, this is fine), we dont expect you



to know everything

  (11:55) you have 5 minutes left; don't worry if you can't answer some questions, it's allright

- (12:00) time-up : if you didn't finish please just put a X through the questions you didn't get to

6. 12:00 before we actually use ACE we will tell you a bit about it


- ACE is a learning environment used to aid in the teaching of functions. for this study


you will use only one of the units in the system that focuses on graphing functions. 


- we will introduce you to ace first


- on your desktop you will have an icon called GROUP1(or 2)_DEMO. double click on that, and a


window saying "ACE" should appear; if it doesn't, let us know (wait till they do it)


- to begin using ACE, click the green "BEGIN" button


- once you've done this, a page with the title of the unit should appear (in this case, PLOT), 

and at the bottom you


will have some arrow buttons; these help you move between exercises, so let's go


to the first exercise.. click the RIGHT ARROW


- (all see a line that you can move ? good)


- so you can play with the line by moving it with your mouse, or you can enter text in the 

ORANGE box and then push ENTER.


- you'll have lots of time to play with this later, but for now we want to show 

you some tools. If you go to the Tools menu on top, you'll see that the first item is Lesson Browser


- [Lesson Browser] 



- this lets you jump between different exercises. It's like the arrow keys.


- [Exploration History]



- this shows how much you've explored in the current exercise


- you also have a Calculator in case you need it



- [Explain Concept]



- the menu that says "I want to..." you can use if you want to think about an exercise. 



For example, if you click now on "I want to..... Explore Concept"... you can answer



a question about Positive Intercept.



- there's also a tool that lets you see what you've explained before


Ok now, group 2 has another tool which we'll explain to them separately; group 1 can play around.



- [Get Hint] offers hints on what you should do in the current exercise


- when you play with the interface you can also use the right side to read about the tools

7. 12:10 We will now play with the interface. Please close this system (tell all of them to do it and wait till they do)


and then on your desktop you should have an icon called GROUP1 or GROUP2; open that and play.


If you have questions, you can raise your hand and ask us. 


This part of the study will take 25 minutes. if you finish before please raise your hand.

(12:35) Ok, it's time to stop playing. Stop what you're doing and just 

8. 12:35 Post test

Now we'll give you another short test. Again, this won't count for any school marks, and if you 


don't know the answer to a question just leave it blank. Raise your hand if something is confusing.

9. 12:55 Questionaire




Appendix B: Pre/Post Tests and Questionaires

Pre-Test

Name:________________

Date:_________________

Age:__________________

Gender:  Male /  Female

Part 2:  Recognizing the output of a function.

For the following function equations specify the output of the function with the given inputs.  Please show you work in the spaces provided.

1)  f(x) = 3

What is the output of f(0) ?

a) 1  
b) 0 
c) 3 
d) –3

What is the output of f(4) ?

a) 4 
b) 3
c) –4
d) 0

2)  f(x) = 3x + 2
What is the output of f(4) ?

a) 4
b) 5
c) 2
d) 14

What is the output of  f(-4)

a) –4
b) 5
c) –10
d) 2

3)  f(x) = 5x2
What is the output of f(-1) ?

a) –1
b) –5
c) 5
d) 1

What is the output of  f(1)?

a) –1
b) –5
c) 5
d) 1

4)  f(x) = 3x3 + 2x + 1
What is the output of f(0)?

a) 0
b) 1
c) –1
d) 6

What is the output of f(2)?

a) 2
b) 29
c) 23
d) 6

Part 3:  Graph Properties

For each question, circle the appropriate response.

1)  The y-intercept of the graph in this picture is:  Positive/Negative/Zero


[image: image7.wmf]x

y


2)  The y-intercept of the graph in this picture is:  Positive/Negative/Zero


[image: image8.wmf]x

y


3)  The slope of the graph in this picture is:  Positive/Negative/Zero

[image: image9.wmf]x

y


4)  The slope of the graph in this picture is:  Positive/Negative/Zero


[image: image10.wmf]x

y


5)  The slope of the graph in this picture is:  Positive/Negative/Zero

[image: image11.wmf]x

y


6)  The exponent in the function equation graph in his picture is:  Even/Odd


[image: image12.wmf]x

y


7) The exponent of the function equation graph in this picture is: Even/Odd


[image: image13.wmf]x

y


8)  The graph has been scaled by : a Positive Number / a Negative Number / Zero


[image: image14.wmf] 
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9) Which graph has been scaled by a larger number ?:   Graph A /  Graph B
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10) This graph has been shifted by a : positive number / negative number

             
[image: image16.wmf]x
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11) This graph has been shifted by a : positive number / negative number                                                  
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Part 4:  Graph/Equation Properties

The function f(x) = 2x + 4 may be best described by the graph:

a)



b)



c)


      d) 

 EMBED Word.Picture.8  
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The function f(x) = x - 7 may be best described by the graph:

a)



b)



c)


      d) 
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The function f(x) = 3 may be best described by the graph:

a)



b)



c)


      d) 

 EMBED Word.Picture.8  
[image: image24.wmf]x
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The function f(x) = 1x may be best described by the graph:

a)



b)



c)


      d) 

 EMBED Word.Picture.8  
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The function f(x) = -2x + 5 may be best described by the graph:

a)



b)



c)


        d) 

 EMBED Word.Picture.8  
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The function f(x) = 4x2 –5 may best described by the graph:

a)



b)



c)


       d) 

 EMBED Word.Picture.8  
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The function f(x) = 1x3 may be best described by the graph:

a)



b)



c)


       d) 

 EMBED Word.Picture.8  
[image: image36.wmf]x
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Part 6:  Equation Properties

The function f(x) = 3 has 

a) a positive slope
b) a negative slope
c) a zero slope

The function f(x) = 3x + 7 has 

a) a positive slope
b) a negative slope
c) a zero slope

The function f(x) = -1x +10 has 

a) a positive slope
b) a negative slope
c) a zero slope

The function f(x) = -2x  + 5 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

The function f(x) = 3x - 6 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

The function f(x) = 5 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

The function f(x) = -7 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

Post-Test

Name:_____________

Date:______________

Part 2:  Recognizing the output of a function.
For the following function equations specify the output of the function with the given inputs.  Please show you work in the spaces provided.

1)  f ( x ) = 8

What is the output of f ( 0 ) ?

b) 5  
b) 0 
c) 8 
d) –8

What is the output of f ( 2 ) ?

a) 2 
b) 8
c) –2
d) 0

2)  f ( x ) = 3x + 3

What is the output of f ( 5 ) ?

a) 18
b) 5
c) 6
d) 14

What is the output of  f ( -5 ) ?

a) –5
b) 3
c) –12
d) -15

3)  f ( x ) = 2x2

What is the output of f ( -2 ) ?

a) –1
b) –4
c) 8
d) -8

What is the output of f ( 2 ) ?

a) 2
b) 4
c) 1
d) 8

4)  f ( x ) = 2x3 + 3x - 1

What is the output of f ( 0 ) ?

a) 0
b) 1
c) –1
d) 4

What is the output of f ( 1 ) ?

a) 1
b) 4
c) 5
d) 6

Part 3:  Graph Properties

For each question, circle the appropriate response.

1)  The y-intercept of the graph in this picture is:  Positive / Negative / Zero


[image: image39.wmf]x

y


2)  The y-intercept of the graph in this picture is:  Positive / Negative / Zero


[image: image40.wmf]x

y


3)  The slope of the graph in this picture is:  Positive / Negative / Zero

[image: image41.wmf]x

y


4)  The slope of the graph in this picture is:  Positive / Negative / Zero


[image: image42.wmf]x

y


5)  The slope of the graph in this picture is:  Positive / Negative / Zero

[image: image43.wmf]x

y


6)  The exponent in the function equation graph is this picture is:  Even / Odd


[image: image44.wmf]x
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7)  The exponent in the function equation graph in his picture is:  Even / Odd
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8)  The graph has been scaled by: A Positive Number / A Negative Number / Zero
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9) Which graph has been scaled by a larger number?   Graph A /  Graph B

9. 
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10) This graph has been shifted by a: Positive Number / Negative Number
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11) This graph has been shifted by a: Positive Number / Negative Number                                                  
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Part 4:  Graph / Equation Properties

Which graph does the function f ( x ) = 2x - 6 best describe?

a)



b)



c)


      d) 

 EMBED Word.Picture.8  
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Which graph does the function f ( x ) = x + 7 best describe?

a)



b)



c)


      d) 
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Which graph does the function f ( x ) = 5 best describe?

a)



b)



c)


      d) 

 EMBED Word.Picture.8  
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Which graph does the function f ( x ) = 5x best describe?

a)



b)



c)


       d) 

 EMBED Word.Picture.8  
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Which graph does the function f ( x ) = -2x + 6 best describe?

a)



b)



c)


     d) 

 EMBED Word.Picture.8  
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Which graph does the function f ( x ) = 3x2 +5 best describe?

a)



b)



c)


        d) 

 EMBED Word.Picture.8  
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Which graph does the function f ( x ) = -x3 best describe?

a)



b)



c)


        d) 

 EMBED Word.Picture.8  
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Part 5:  Equation Properties

The function f ( x ) = -4 has 

a) a positive slope
b) a negative slope
c) a zero slope

The function f ( x ) = -5x + 2 has 

a) a positive slope
b) a negative slope
c) a zero slope

The function f ( x ) = 4x + 6 has 

a) a positive slope
b) a negative slope
c) a zero slope

The function f ( x ) = -4x  + 5 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

The function f ( x ) = 3x - 4 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

The function f ( x ) = -7 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

The function f ( x ) = 3 has 

a) a positive y-intercept
b) a negative y-intercept
c) a zero y-intercept

Post-Test


Name:_____________

Date:______________

NOTE: This is the Questionnaire for the Control group

Part 1:  Questionnaire 

1. The computer gave me enough freedom to move around between activities (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree


2. I found  the guidance provided by the computer to be  helpful (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

3. I felt that the computer guided me not often enough (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

4. I feel that I learned using ACE (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

5. I felt that the computer guided me too often (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

6. I know too little about graphing functions to find ACE useful (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

7. I prefer to learn this way instead of using a text book (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

The thing I liked the most about ACE:

The thing I liked the least about ACE:

I think these would be good improvements to ACE:

Post-Test

Name:_____________

Date:______________

NOTE: This is the Questionnaire for the Experimental group

Part 1:  Questionnaire 

1. I found it helpful when the computer told me to stay and explore an exercise more than I had (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

2. The “Get Hint” button gave me helpful information (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree
3. I found it helpful when the yellow messages told me to think more (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

4. I felt that the computer showed the multiple-choice windows not often enough (please circle one) 

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

5. I felt that the computer told me too often to stay and explore an exercise more than I had  (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

6. I understood why the computer suggested that I stay and explore an exercise more than I had  (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

7. I felt that the computer showed not often enough the yellow messages telling me to think more (please circle one) 

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

8. I felt that the computer guided me too often (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

9. I felt that the computer told me not often enough to stay and explore an exercise more than I had

 (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

10. I found  the multiple-choice windows to be helpful (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

11. I felt that the computer showed the multiple-choice windows too often (please circle one) 

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

12. I understood why I got yellow messages telling me to think more (please circle one) 

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

13. I felt that the computer guided me not often enough (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

14. I found  the guidance provided by the computer  helpful (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

15. I felt that the computer showed too often the yellow messages telling me to think more (please circle one) 

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

16. The computer gave me enough freedom to move around between activities (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree


17. I feel that I learned using ACE (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

18. I know too little about graphing functions to find ACE useful (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

19. I prefer to learn this way instead of using a text book (please circle one)

a) Strongly agree

b) Agree

c) Neutral
d) Disagree
e) Strongly disagree

20. The thing I liked the most about ACE:

21. The thing I liked the least about ACE:

22. I think these would be good improvements to ACE:
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