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Abstract 
 

This Interactive Qualifying Project employed computer-based intelligent tutorial 

system in two Statistics courses, MA2611 and MA2610, for the first time in 

Worcester Polytechnic Institute. We conducted three randomized experiments 

to compare the effectiveness of different teaching methods using the online 

tutoring ASSISTment system. We developed content to compare the 

effectiveness of ASSISTment over paper-based tutoring and that of hints over 

worked examples. The study showed that ASSISTment improved student 

learning and hints were more effective than worked examples. 
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1. Introduction 
 

Various projects at Worcester Polytechnic Institute have worked on the 

development and improvement of the ASSISTment system. In the past, the 

ASSISTment system had only been used with nearby middle and high 

school students. This Interactive Qualifying Project is the first use of 

ASSISTment with college student for the explicit goal of improving teaching 

methodology. Our goal is first; to develop ASSISTment content for college 

level statistics teaching; second, to confirm the efficacy of the usage of 

scaffolding questions in tutoring over paper based worked examples; third, 

to compare the helpfulness between worked examples and hint messages. 

 

Lacking existing statistics problems in the ASSISTment system, we first 

constructed individualized, college level, tutoring problems, along with hints 

and scaffolding problems, for the Worcester Polytechnic Institute MA2611 

Applied Statistics 1 course. With the assistance of our reviewing advisors, 

our group proposed, drafted, and finalized over one hundred problems. To 

fulfill our second goal, we randomly chose two lab sessions among four and 

assigned our ASSISTment problems to the chosen sessions. The rest 

students practiced with same paper-based examples. At the end of the 

course, we analyzed their quiz scores as well as any feedback and 

comments submitted by the students. By assigning curriculums containing 
7 

 



help in paper-based format to some students and in scaffolding to others 

and comparing their performance in relevant quizzes we were able to 

detect whether learning took place in general and whether the learning that 

took place in one method over the other was statistically significant. After 

analyzing students’ quiz scores, we concluded that ASSISTment did 

increase learning.  

 

For our third goal, we constructed problems for the course MA2610 and 

randomly assigned each student ASSISTment problems with either worked 

examples or a series of hint messages. This time we used the variablization 

for each problem, resulting in students being assigned one of ten similar but 

different problems.  

 

ASSISTment is designed to assist teachers to analyze the student 

performances with better accuracy as well. Teachers have special access 

to see how each individual student in their class is performing and whether 

their scores are improving or not. They can easily see the statistics of their 

student performances by problem or homework. With this data teachers 

can decide whether they want to review the material again or go on to the 

next section. It helps the teacher to summarize all of this data by student or 

class efficiently. Another advantage of the ASSISTment system is that it 

helps teachers see the improvement of their students easily. It becomes 
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more convenient for teachers to see the progress of students indicated by 

both numbers and graphs. Teachers can quickly respond according to the 

students’ performance. Is a new teaching method effective? Is the class 

lecture going too fast? With the data illustrated by the ASSISTment system, 

these questions can be answered immediately. 

 

This Interactive Qualifying Project is intended to determine how much the 

student’s understanding of statistics may be improved by using the 

ASSISTment system. To achieve this main purpose, several experiments 

were designed to conduct at Worcester Polytechnic Institute. The 

experiment consists of a pre-test and a post-test. We randomized all of the 

students into two groups. One group received the ASSISTment-based 

pre-test with hints and scaffolding problems, the other group received a 

paper-based pre-test with the same content. After the homework, both 

groups took the same quiz. We analyzed their quiz performance to see 

whether ASSISTment improved learning better than traditional teaching 

method. The experiments and details will be explained further in a later 

section. 
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2. Background 
 

2.1 The Massachusetts Comprehensive Assessment 

System (MCAS)  
 

The Massachusetts Comprehensive Assessment System (MCAS) is designed to 

meet the requirements of the Education Reform Law of 1993. This law specifies 

that the testing program must: 1. test all public school students in Massachusetts, 

including students with disabilities and limited English proficient students;  2. 

measure performance based on the Massachusetts Curriculum Framework 

learning standards; 3. report on the performance of individual students, schools, 

and districts.  (About MCAS, 2007). 

 

Worcester Polytechnic Institute ASSISTment Interactive Project Groups have 

built and evaluated a lot of ASSISTment contents, including problem sets and 

single scaffoldings, based on the MCAC standardized tests for grades 3rd through 

10th. There have been many matural reports based on the analysis of this field. 

Our project, however, is designed for Worcester Polytechnic Institute students as 

a teaching tool for MA2611/MA2610 (Statistics 1). 
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2.2 ASSISTment 

 

Limited classroom time available in university, especially Worcester Polytechnic 

Institute, requires teachers to choose between time spent assisting students’ 

development and time spent assessing their abilities. To help resolve this 

dilemma, assistance and assessment are integrated in a web-based system 

called the ASSISTment 1  System that offers instruction to students while 

providing a more detailed evaluation of their abilities to the teacher than is 

available under most current approaches. (Neil T. Heffernan, 2006) Traditionally 

in a statistics class, the instructor focuses on the theory and examples, while 

students have to work on their own to absorb the material. Within an-hour time 

limit, it is impossible for the instructor to know whether a student is following or not. 

Many professors use paper-based homework to evaluate class development and 

understanding. However, paper-based homework increase the work amount of 

instructors and also decrease the available time that they could use to prepare for 

the next class. Also the feedback from students indicated that paper-based 

homework could not actively interact with a student on a specific question. He or 

she still had to go to the professor for help. So the homework is really just a way to 

practice rather than to teach. Now the question becomes: Do we have more 

effective teaching methods? Yes, we do. The ASSISTment technology provides 

students with intelligent tutoring assistance while the assessment information is 

                                                              
1 The term ASSISTment was coined by Kenneth Koedinger and blends Assisting and Assessment. 
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being collected. ASSISTment is originally constructed by Feng, Heffernan and 

Koedinger from Worcester Polytechnic Institute Computer Science Department. 

We could find the introduction of ASSISTment from “Predicting State Test Scores 

Better with Intelligent Tutoring Systems: Developing Metrics to Measure 

Assistance Required” by Mingyu Feng, Neil T. Heffernan and Kenneth Koedinger. 

 

 An initial version of the ASSISTment system was created and tested in May, 

2004. That version of the system included 40 ASSISTment items. There are 

now over 1000 ASSISTment items. The key feature of ASSISTment is that 

they provide instructional assistance in the process of assessing students. 

The hypothesis is that ASSISTment can do a better job of assessing student 

knowledge limitations than practice tests or other on-line amount and nature 

of the assistance that students receive as a way to judge the extent of student 

knowledge limitations.  

 

There are several advantages of ASSISTment: 1. It is easy to carry out 

randomized controlled experiments in ASSISTment. 2. The interactive scaffolding 

questions are well-organized enough to help students with the possible 

confusions. 3. The pictures in the problem body and the hints can help with the 

understanding of the theory behind. Being improved all the time, ASSISTment 

system is now a dynamic system carrying out the randomized variablization 

feature.  Now it allows the instructor to construct random variables for each 
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problem to prevent cheating. 

 

Problems related to the same section are assigned to students in one problem set. 

For multiple problems in the problem set, the instructor can select the desired 

problem sequence type. Currently existing section types include “Linear” 

(problems or sub-sections are presented in linear order), “Random” (problems or 

sub-sections are presented in a pseudo-random order), and “Experiment” (a 

single problem or sub-section is selected pseudo-randomly from a list, the others 

are ignored).  (Zachary A. Pardos, 2006) 

 

For each tutoring item, which we call an ASSISTment, is based upon the textbook 

of the current WPI statistics course. If students get the item correct, they are 

advanced to the next question. Otherwise, they are provided with a small 

“tutoring” session, which is the composed of scaffolding questions, where they 

are asked to answer a few questions that break the problem down into steps. The 

first scaffolding question appears only if the student gets the item wrong. As long 

as the student requests for help, including hints and scaffolding questions, the 

problem will be marked as incorrect on the summary page for the instructor. 

Students are only marked as correct only if they answer the question correctly on 

the first attempt. 

 

The summary page allows the instructor to view the development of the students 
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conveniently for the future data analysis. An individual report is generated 

automatically after a student’s completion of the problem set, and the summary 

report will be automatically updated at the same time. 

 

The summary of the spring 2006 Interactive Qualifying Project experiments 

described above showed that scaffolding led to higher averages on a post-test, 

although it was not statistically significant. Here we conducted two experiments 

using P-test and T-test individually, hoping to get a more significant statistics 

difference. There purpose of the first experiment is to determine whether 

ASSISTment is more effective than paper-based materials in terms of teaching 

methodology. The other experiment is to decide whether hints work better than 

worked examples in ASSISTment environment. We collect data and student 

feedback after each experiment to help with the study. 
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3. Methodology 
 

As described in the introduction, we wanted to establish whether the 

ASSISTment system could be used to the benefit of college statistics students. 

To do so we first split students into approximately two equal groups of the 

students. One group used ASSISTment and the rest received an equivalent 

packet of information. The student’s quiz scores were used to establish the 

efficiency of the ASSISTment System for college statistics students. 

 

Having established the efficiency of the ASSISTment System, we sought to 

establish what teaching methodology helps students learn the most. Students 

who requested assistance on a problem received either a series of hints that 

guided them through the problem step-by-step or a worked example; one hint 

that contained a similar problem along with its full solution. Again, paper-based 

assessments were used to identify learning. 

 

3.1 ASSISTment vs. Paper-Based 

 

First of all we need to introduce our scaffolding system, which played an 

important role in our first experiment. The idea of scaffolding problems is to 

break a problem into simple parts to help the student understand the material. A 
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student might have to take several steps to complete a problem, but scaffolding 

breaks the problem down into manageable parts and walks through the 

problem with the student. We will take a look at one example here. 

 

Fig. 3.1 A typical interface of a typical Scaffolding Problem 
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A student has to do the scaffolding problem if he or she gets a problem wrong. 

The scaffolding problems cover all the concepts needed in solving the original 

one. After the student answers all the scaffolding questions correctly, he or she 

will go back to the original problem and have a chance to do it again. 

 

The ASSISTment System, having been primarily used for teaching MCAS 

originally, contained no statistics problems. Thus, we began by creating a 

variety of statistics problems covering the entire curriculum from study design 

through p-tests. Creating approximately a dozen problems per topic, questions 

were reviewed for accuracy, clarity, and engagement. With the assistance of 

our reviewing advisors, over one hundred problems were registered on the 

ASSISTment System. 

 

Next, two of the four lab sections of students in the Applied Statistics 1 course 

were randomly to the ASSISTment group; they would do their homework on 

ASSISTment with scaffolding (required sub-problems that guide the students to 

the solution), while the other students would have an equivalent paper-based 

homework, containing the same information. The quiz scores after each 

homework in addition to a pre- and post-test where recorded for each student. 
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3.2 Hints vs. Worked Examples 

 

We wanted to address the question of whether students would learn better with 

step-by-step hints or with a worked example. To do so, we created two versions 

of some of the homework problems assigned to students. One version 

contained hints that lead the student through the problem, giving away pieces 

of the solution sequentially. Often this consisted of three or four hints ending 

with the answer. The other version contained one big hint that was comprised of 

a problem that was similar to the main problem as well as an explanation of how 

a student might solve it. 

 

We generated 10 slightly varying versions of each problem by changing one of 

the values in the problem within a range. The intent was two-fold; first, we 

hoped that by making the problem a bit different students would cheat less and 

secondly, that if they did ‘cheat’ they would have to explain their methods to do 

so; resulting in learning. The 62 students of the Applied Statistics for the Life 

Sciences course were assigned one of ten versions of each problem; the 

harder of which were supplemented by either hints or worked examples.  

 

We compared hints to worked examples to see which one increase the 

students' learning. Hints show up every time a student clicks the 'Request Help' 

button explaining the problem to the student step by step. Worked examples, 
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on the other hand, provide the student with another similar problem and its 

solution to help his or her understanding. The following pictures demonstrate 

what a typical problem with hints and the same problem with a worked example 

look like. 

Fig 3.2 Hints Interface          
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Fig 3.3 Worked Example Interface 
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Two homework assignments were thusly administered. Student performances 

on each assignment, as well as the quiz following the first assignment and the 

mid-term test following the second were recorded for analysis. 
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4. Trials and Analysis 

4.1. A term Analysis on Chapter 3 

4.1.1 Summary 

On Sep. 12, 2007, we conducted our first scaffolding trial based on the content 

of Designing Studies and Obtaining Data from Applied Statistics for Engineers 

and Scientists. We randomly divided students into two groups, including 56 

students in the scaffolding group and 28 students in the pen-paper group. We 

constructed 4 problems for the ASSISTment tutorial and analyzed the quiz 

score, comparing to the performances of students using paper-based materials 

(See Appendix D). In the tutorial, each problem contained 5 scaffolding 

problems (See Appendix A). After the first trial, we summarized and analyzed 

the student performances, which would be explained in detail in the later 

sections. We eliminated one outlier in the scaffolding group because this 

particular student achieved 100 in the relatively harder pre-test, but did not 

attend the quiz. This situation was not representative, so we decided to 

eliminate this outlier. We made our conclusion based on the differences of 

scores between ASSISTment tutorial and quiz. 

 

4.1.2 Graphs 
 

From the histogram, we could see that the scaffolding group did better than the 
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pen-paper group. There were many more students who attained a score around 

80 in the scaffolding group, while the pen-paper group scores were more 

densely distributed around 70. 

 

Fig 4.1 Histogram of Scaffolding Group Score 

 

 

Fig 4.2 Histogram of Pen-paper Group Quiz Score 
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Fig 4.3 Box Plot of Comparison on the quiz Score 

 

In the box plot, the scaffolding group (on the left) had a better mean and median 

compared with the pen-paper group (on the right). The scaffolding group was 

distributed mostly above 70, while the pen-paper group was mostly distributed 

below 80. So from the sharp comparison of the quiz score between two groups, 

we could conclude that the scaffolding problems helped with the understanding 

of the materials.  
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4.1.3 Analysis 

Our mean and median for the scaffolding group and the pen-paper group are as 

follows: 

 

Scaffolding Group Pen-paper Group 

 Mean Median Class 

Size 

Standard 

Deviation 

 Mean Median Class 

Size 

Standard 

Deviation 

Quiz 3  

Score 

71.786 73 56 11.54865 Quiz 3  

Score 

67.214 68.5 28 8.521681 

Table 4.1 Analysis with quiz score as post-test 

 

T = (y1 – y2) / (
 

 + 
S12

N1
S22

N2 ) = 2.0498, 

Degree of freedom = 
 + 

S12

N1
S22

N2

 + 

⎛
⎝
⎜⎜

⎞
⎠
⎟⎟

S12

N1

2

 − N1 1

⎛
⎝
⎜⎜

⎞
⎠
⎟⎟

S22

N2

2

 − N2 1

=14.12367=15. 

To construct a 95% interval, we found the p-value to be 0.029145 < 0.05 

So we made a conclusion that the difference between two means was 

statistically significant. 

 

From the data table (See Appendix C), we could see that the scaffolding group 

had a better mean and median than the pen-paper study group students. The 

mean was 3.32 points higher and the median was 4.5 points higher. It proved 
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that the scaffolding problems did help the students understand the material. 

Students attained better scores after they had gone through scaffolding 

problems. The quiz was a more reliable measure since each student finished 

the quiz individually and seriously during the lecture time rather than during the 

lab time. So it was reasonable to believe that the data that quiz reflected was 

more trustworthy. 

 

4.1.4 Conclusion 
 

At first, we had an initial ASSISTment-based assessment right after the 

ASSISTment tutorial online. However, the ASSISTment-based assessment 

score could not be used during the analysis because students did not treat the 

post-test as serious as the quiz. So we decided to give up the original test and 

use the quiz scores as our measurement data. From the quiz scores of the 

students (See Appendix C), we could conclude that ASSISTment had 

significantly effect on students’ understanding of the course materials. Students 

who were in the scaffolding group had statistically significantly improvements 

comparing to the pen-paper group. We could reach the conclusion that 

ASSISTment made a positively significant impact on the teaching effect. 
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4.2. A term Analysis on Chapter 4 

4.2.1 Summary 

Two weeks after the first trial, we conducted our second ASSISTment trial 

based on Chapter 4. The topic is about statistical model, specifically, central 

limit theorem. There were 30 scaffolding problems in all on Central Limit 

Theorem (See Appendix A) to help students with better understanding on the 

theorem. 17 students in this statistics class were assigned the paper based 

material (See Appendix E), and 31 students were assigned with 30 scaffolding 

problems. They had a quiz on the same topic—Central limit theorem. Then we 

compared the effectiveness of two methods by analyzing their quiz scores.  

 

4.2.2 Graphs 

Using the difference score for two groups and R software, we graphed box plot 

the quiz performance for pen-pencil and scaffolding group. Then we calculate 

the mean, standard deviation and other estimates to compare the two teaching 

methods. 

27 
 



 

pen-pencil scafolding

20
40

60
80

10
0

Q
ui
z-
sc
or
e

 

Figure 4.3 Box-plot for quiz score of two groups 

The box plot below shows the quiz performance for two groups. The median 

score of scaffolding group is less than the pen-pencil. 

4.2.3 Analysis 

The following table summarized two groups’ performances for the quiz. On 

central limit theorem. 

 

Group Number 
of 
Students 

    
Mean  

 
Median 

Standard 
deviation 

IQR 0.25th 
quartile 

Pen-pencil 
group 

43 63.72 65 22.55 29 51 

ASSISTment 
group 

20 55.3 50.5 18.57 31 41.25 

Table 4.2 Estimations for quiz 4 improvement of both groups 

 

Looking at the mean of two groups’ quiz score, pen-pencil group seems to be 

better than ASSISTment group. Therefore, t test is used to determine whether 
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there is significant difference between two groups’ mean score. Using R 

command of Welch two-sample t-test, we got the result as below. 

 

 

Mean 
ASSISTment 

Mean 
Pen-pencil 

p-value 95 percent confidence interval: 

55.3 63.72 0.12 lower 
limit -2.44 upper 

limit 19.28 

Table 4.4 Confidence Interval for difference of mean quiz score 

 

As p=0.1254 > α=0.05, we cannot reject null hypothesis that the two groups 

have same mean. The confident interval contains 0, which further proved that 

there is no significant difference between two groups’ mean score. However, 

the mean score of pen-pencil group is a lot higher than Assistment group’s 

mean score.  

 

4.2.4 Conclusion  

Because we cannot reject the null hypothesis, we cannot conclude that 

pen-pencil group is better than Assistment group. However, the mean 

performance of two groups showed that pen pencil did better than Assistment.  

We believe this is because of the relatively poor quality of scaffolding problems 

for this chapter. The scaffolding problems were highly repetitive; students did 

not like the content. 
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4.3 D-term Analysis comparing hints and worked 

example 

For the third trial, 52 students were assigned homework through ASSISTment 

from March 25th until April 7th of 2008. Students were divided into two groups; 

those that received hints and those that received worked examples. When 

students in the worked example group “Requested Help,” they received a full 

solution to a problem that was similar to the one they were working on, but not 

quite the same. Students in the other group received a series of up to three 

hints leading them through the solution to their problem. Students who did not 

attempt all four problems or did not see any hints or worked examples were 

excluded from the study because they either did not complete all of the 

questions or they did not receive either treatment. Our analysis is based on the 

student’s performance on one part of one question on the midterm against their 

performance on four related homework problems (Problem IDs 27032, 27033, 

27044, 27045, 27107, 27108, 27109 and 27110 in the Appendix A). 

 

Both groups of students were assigned homework on the topic of normal 

probability computation in ASSISTment. These problems are created by us 

using ASSISTment variablization. The same problem would end up with 

different numbers in the problem body, which effectively prevented students 

from cheating on the homework. Variablization also helped consolidate the 

results when analyzing whether the hints or worked example method improved 
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students’ learning the most.  

 

There were four ASSISTment problems assigned as homework to students 

about normal probability computation, but the corresponding midterm question 

requires both central limit theorem and normal probability computation. 

Students were randomly assigned the questions. Some of them would get 

problem with hints showing up after they clicked on “Request Help”. Others 

were assigned worked example problems, which were similar problems to the 

main question, but provided with solution process. Though 52 students were 

assigned homework, some had to be excluded from the study because they did 

not attempt all of the problems. The chart below shows the breakdown of the 

students by the number of problems they tried:  

 

Number of Problems Tried Hints Worked Example 

0 6 

1 1 2 

2 2 2 

3 0 0 

4 22 17 

Total 52 

Table 4.4 Number of problems the students attempted 

The highest score that a student could get on the midterm problem on normal 

probability computation was 8 points. If he or she received 0 to 4 points, he or 

she would be marked as 0 to represent failure, while 5 to 8 points would be 
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denoted as a success and was assigned value of 1. The two-way contingency 

table of the students follows: 

 Hints Worked Example 

Correct 11 3 

Wrong 6 (64.7%) 10 (23.1)% 

Total 17 13 

Table 4.5 Student performance by treatment 

 

As ASSISTment automatically records answers when students were doing 

each problem, the data was easy to access. We analyzed the score on one of 

the midterm problems for the two groups. The students who got all homework 

questions right without going over the hints or worked example are not included 

because they did not receive any tutoring. Students who either went over at 

least one hint or one worked example problem were included. Also, student 

must have tried all the homework questions related to the normal probability 

computation to be included. The table below summarizes the data: 

Hints Group Worked Example Group 

ID Midterm Success ID Midterm Success 

1 8 1 1 8 1 

2 0 0 2 8 1 

3 8 1 3 0 0 

4 8 1 4 3 0 

5 1 0 5 0 0 

6 8 1 6 3 0 

7 4 0 7 2 0 
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8 8 1 8 2 0 

9 8 1 9 0 0 

10 5 1 10 0 0 

11 8 1 11 0 0 

12 0 0 12 0 0 

13 8 1 13 8 1 

14 0 0    

15 6 1    

16 8 1    

17 4 0    

Total  11   3 

Table 4.6 Scores of the two groups 

 

Using these data, the result is following: 

 

Prop. 

Hint 

Prop. 

Worked

p-value 95 percent confidence interval: 

64.70% 23.10% 0.05802 lower limit 0.026 upper limit 0.807 

Table 4.7 Statistical Summary 

 

The two sample proportion test for hints and worked group gave the 95% 

percent confidence interval of (0.026, 0.0807). As 0 was not contained in the 

interval, there was significant difference between the proportions of students in 

hint group who got higher than 4 points and worked example group. 

Furthermore, the proportion estimate for the hint group students was higher 

than worked example students. The reason that students preferred hints is 
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because worked examples were quite long and indirect to the original question. 

Students had the feelings that these examples were almost irrelevant to the 

main question and did not bother to look at them at all. That was the reason why 

worked examples did not improve the students’ understanding of the material 

as well as hints did, which were short and penetrated.   

 

Therefore, hints group performed better than worked example group on the 

normal probability computation problems. In other words, hints work better as a 

direct and effective tutoring method compared to worked examples. Students 

are more likely to grasp the concept and solve statistical computation problem 

with hints provided.  
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5. Results 
 

For the first time in WPI, we initiated the electronic tutoring of statistics that will 

be improved in future years. In our first trial, we determined that ASSISTment 

did improve learning, compared to the typical paper-and-pencil method, in the 

chapter on Study Design (increase of 6.8%; p-value of 0.03), though the results 

of our second trial for Statistical Modeling were less conclusive (decrease of 

4.8%; p-value of 0.12). In our third trial, we found that step-by-step hints are 

better than providing a worked example (increase of 41.6%, 

p-value of 0.058). We created much content (see Appendix A): 33 problems 

with scaffolding and 14 in both hints and worked example versions. We also 

initiated variablization; we worked through some bugs and created 8 

variablized problems. 
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6. Discussion 

6

 

.1 Systemic Error 

Statistics is a course that is recommended or suggested background for many 

courses of study. As such, the students’ mathematical background varies 

greatly; not only from student to student, but class section to class section, and 

year to year. This heterogeneity, had the potential to skew our results if, for 

example, all of the students with a passion for numbers happened to be 

grouped together. We avoided this as much as possible by assigning problem 

sets to student uniformly at random during our second trial and assigning 

problem set types to class sections at random during the first. As in the second 

trial, it would have been ideal to assign ASSISTment and paper-based 

completely at random during the first trial, however since student had shared 

time to work on these problems with Teaching Assistant help, this would have 

caused confusion. 

 

6.2 ASSISTment 

Another factor that may have affected our results was the use of the 

ASSISTment system itself. Since it was being developed while we worked on 

problems, our team faced numerous time consuming challenges. The 

36 
 



content-creation side of the ASSISTment system is not nearly as easy to use as 

the student side. The content creation lacks common features from “Save 

As…” to “Print,” an inability to search through the plethora of old problems and 

the general inflexibility of editing required the group to spend much of its time 

and effort wrestling with the system. For the first trial, for example, future 

ASSISTment problems were first written in text documents and then 

copy-pasted into corresponding ASSISTment fields. 

 

As we added problems, new features were being added to the ASSISTment 

system, with mixed results. For the second trial, both the ability to “variablize” 

problems and access to the R software environment for statistics were added. 

With the variablization, variations of problems could be generated easily, 

reducing the ease with which students could cheat and in case students did 

collaborate, forcing them to explain their steps; while with the R software, 

calculations could be done inside of problems automatically. Since security 

holes had to be created to make these features work, we had to interface with a 

developer on the ASSISTment side to help us make our variablized problems 

accessible to students. When this became a bottleneck, the quality of the 

homework material suffered because there was no room for error and no time 

for feedback. Coincidentally, the developer’s work also involved rote 

copy-paste. 
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Despite these flaws with ASSISTment, our process could have been better as 

well. For the first homework assignment in the second trial, a 

miscommunication on the team resulted in less problems being created than 

expected. For the second homework assignment, we made sure everyone 

knew their assigned tasks and avoided this issue. Because of time constraints 

only some problems were done with in both hints and worked example 

variations. Unfortunately, despite the production of nearly two-dozen problems, 

an oversight resulted in only four homework problems being applicable to our 

study, and, even worse, only one part of one problem on the midterm exam 

corresponded to these homework problems. This resulted in a much smaller 

data set than we expected. 

 

6.3 Conclusions 

From the first trial, students who used ASSISTment learned more because of 

the personalization of the system. Hints, messages and scaffolding problems 

that the ASSISTment group received corresponded directly a student’s task at 

hand. The paper-based group, however, would have had to read through an 

electronic packet of information to find the relevant parts instead. This could be 

distracting and lead to more mistakes if the wrong section was identified as 

relevant. 

 

From the third trial, students who received hints learned more for similar 
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reasons. Both the hints and the worked example were related to the problem 

with which the student was currently struggling. Thus, the student learned 

strategies with which to approach the problem. Those students who received 

hints instead of a worked example, however, saw the strategy broken down 

step-by-step and may have even completed the problem seeing only the first 

hint to help them get started and finishing the rest of the problem on their own. 

With a worked example, this is not entirely the same; the wording and the 

context may be different, but students may simply speed read the equations 

instead of analyzing the fine points of the solution. Some students commented 

that they did not feel that the worked examples were relevant to their homework 

problem. However, this claim may have come from a simple lack of motivation 

on the part of the student to really understand the worked example.  

 

Despite the challenges we faced, we did promote student learning. Where 

ASSISTment had no statistics problems, we initiated the creation of course 

work for years to come. We also pioneered the use of variablization in the 

ASSISTment system. When we compared ASSISTment to paper-based 

assignments, students were better prepared for conceptual material 

corresponding to study design and statistical modeling. In the second trial, we 

compared the step-by-step hints methodology to the worked example 

methodology. We observed significant learning in the hints group despite a 

smaller than expected data set. 
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 Scaffolding Pen-pencil 

1 5 83 

2 -17 -33 

3 42 50 

4 83 33 

5 -40 -17 

6 60 -33 

7 33 33 

8 -34 33 

9 -33 17 

10 34 -33 

11 -17 -17 

12 16 -33 

13 -34 -17 

14 -17 16 

15 0 67 

16 33 -17 

17 0 50 

18 16 0 

19 19 16 

20 16 0 

21 0 17 

22 16 17 

23 16 -33 

24 0  

25 0  

26 33  

27 0  

28 0  

29 -17  

30 -33  

31 50  

32 0  

Mean 8.25 8.65 

SD 35.15 34.31 
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Scaffolding Problem Improvements View 

Scaffolding Problem 

Accuracy           

Post Test Accuracy Accuracy Difference 

69% 100% 50.00% 

100% 33% -67.00% 

100% 100% 0.00% 

100% 66% -34.00% 

76% 33% -17.00% 

100% 100% 0.00% 

77% 100% 25.00% 

100% 33% -67.00% 

53% 33% -17.00% 

100% 0% -100.00% 

69% 33% -17.00% 

55% 100% 25.00% 

77% 33% -42.00% 

100% 100% 0.00% 

100% 66% -34.00% 

77% 33% -42.00% 

100% 33% -67.00% 

91% 33% -33.00% 

100% 33% -67.00% 

100% 100% 0.00% 

66% 66% -9.00% 

100% 100% 0.00% 

88% 0% -75.00% 

75% 66% -9.00% 

62% 33% -42.00% 

100% 66% -34.00% 

100% 33% -67.00% 
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100% 100% 0.00% 

100% 66% -34.00% 

76% 66% 16.00% 

100% 33% -67.00% 

75% 66% -9.00% 

100% 100% 0.00% 

100% 100% 0.00% 

88% 33% -42.00% 

100% 66% -34.00% 

100% 66% -34.00% 

100% 66% -34.00% 

66% 0% -75.00% 

75% 66% -9.00% 

100% 0% -100.00% 

100% 33% -67.00% 

100% 33% -67.00% 

53% 100% 50.00% 

62% 33% -42.00% 

77% 33% -42.00% 

100% 0% -100.00% 

100% 66% -34.00% 

100% 66% -34.00% 

100% 66% -34.00% 

100% 100% 0.00% 

100% 66% -34.00% 

100% 33% -67.00% 

56% 66% 16.00% 

100% 66% -34.00% 

62% 33% -42.00% 
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75% 33% -42.00% 

100% 100% 0.00% 

 

 

Pen-paper Group Improvements View 

Pen-Paper Group Pre-

Test Accuracy 

Pen-Paper Post Test 

Accuracy 

Accuracy Difference 

75% 100% 25.00% 

100% 66% -34.00% 

50% 0% -50.00% 

100% 100% 0.00% 

100% 100% 0.00% 

50% 100% 50.00% 

75% 33% -42.00% 

100% 100% 0.00% 

25% 33% 8.00% 

100% 66% -34.00% 

50% 100% 50.00% 

100% 66% -34.00% 

100% 66% -34.00% 

75% 100% 25.00% 

100% 0% -100.00% 

75% 66% -9.00% 

100% 33% -67.00% 

75% 0% -75.00% 

100% 100% 0.00% 

25% 66% 41.00% 

100% 66% -34.00% 

75% 66% -9.00% 

50% 33% -17.00% 
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100% 100% 0.00% 

50% 66% 16.00% 

100% 33% -67.00% 

75% 33% -42.00% 

100% 66% -34.00% 

100% 100% 0.00% 
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MA2611                  2007A 

Lab 2: Solution for Pre-test 
2007.9.12 

Ryung Kim 

Teaching Assistants: Dayang Liu and Yiwen Li 

You will be asked to solve another set of problems after you go through these solutions. These 

problems will be similar to the quiz problems on this Friday. If you are well aware of the 

contents in chapter 3, you may need very little time to complete both tests. Please leave the 

classroom quietly so that you don’t disturb your classmates who are still learning.  

 

Q1. A manufacturer of roofing shingles wants to compare the performance of shingles with two different 

types of backings in field tests. To do so, they randomly select 30 communities around the county. In 

each, they randomly select a single-family house among those volunteered by their owners in response 

to an ad for a "free roof." They randomly select half the houses to receive one type of shingle and roof 

the rest with the second type. Various measures of the condition of each roof are obtained over a period 

of years.  

What type of study is this one?  

Recall that treatment is the condition the investigator wants to compare and response variable 

measures the consequence due to different treatments. So here the treatments are 2 types of shingles, 

and the response variables are measures of the condition of each roof. Now note that these 

treatments are randomly assigned to subjects by the investigator: “They randomly select half the 

houses to receive one type of shingle and roof the rest with the second type."  

Since the treatments were assigned randomly, we can decide that this study is a controlled experiment.  

Furthermore, this study does not have a block design. Recall in some studies, we divide the 

experimental units into subgroups (blocks) that are expected to have similar response to common 

treatment. That was not the case here. 

So in conclusion, this study has a Completely Randomized Design. 

Q2. Consider the previous problem: another manufacturer is interested in the comparison of two types of 

shingles. This new manufacturer suspects that the annual precipitation affects the condition of roofs. So 

he divides the county into three regions: high precipitation, moderate precipitation, and low precipitation 

area. Within each of three regions, the manufacturer randomly assigns one type of shingle to 5 houses 

and another type to another 5 houses. 

What type of study is this one?  

Treatment and response variable are same as the first question. And it is still a controlled experiment. 

Remember because there was randomization in the study, it cannot be an observational study. Here, 

the investigator used blocking to minimize the effects of different precipitation amount. Before the 
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experiment, he divided the experimental units into subgroups (blocks) that are expected to have similar 

response to common treatment.  

So in conclusion, this study has a Randomized Completely Block Design. 

Q3. Consider the previous problem again: another manufacturer is interested in the comparison of two 

types of shingles. However, this manufacturer does not have time or finance to assign free roof. Instead, 

she found 100 houses with their roof life span longer than 10 years, and also found 40 houses with their 

roof life span less than 3 years. Within the long-lasting roofs, 80% had type A shingles and within short-

lived roofs, 30% had type B shingles. 

What type of study is this one?  

Treatment and response variable are same as the first question. And this is an observational study 

because there was no randomization. 

Note that, at the outset,  houses were  collected by their responses (roof condition) not by the 

treatments (shingle types) they received: "Instead, she found 100 houses with their roof life span longer 

than 10 years, and also found 40 houses with their roof life span less than 3 years." Afterward, she 

studied what was the treatment (shingle types) of each house. And so we can conclude that this is a 

retrospective observational study. 

Remember the following: 1) Prospective observational study establishes 'treatment’ and ‘control’ 

groups at the outset and follows to observe the response. 2) Retrospective observational study first 

observes the end result (e.g. long or short life span), and differences in the treatments (e.g. shingle 

types) are sought. 

Q4. Consider the previous problem again: another manufacturer first identified 1000 houses with shingle 

type A and 500 houses with shingle type B in the county. Among the 1000 houses, 20% had life span 

shorter than 3 years, and among 500 houses, 50% had life span shorter than 3 years. 

What type of study is this one?  

By now you should know that this is also an observational study. Note that, at the outset, the houses 

were collected by the treatments (shingle types) they received, not by their responses (roof condition) . 

And so, this is a prospective observational study. 

In addition, let’s note that we cannot conclude that shingle type was the cause of different life span of 

roofs. This is because we can only make such causal conclusion when the investigator randomly assigned 

the treatments. That is, only in controlled experiment, you can make such conclusion. Here, again, this is 

an observational study." 
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MA2611                 2007A 
Lab 3: Solution for Pre-test 

2007.9.19 
 

Ryung Kim 
Teaching Assistants: Dayang Liu and Yiwen Li 

 

You will be asked to solve another set of problems after you go through these solutions. These problems 

will be similar to the quiz problems on this Friday. If you are well aware of the contents in chapter 3, you 

may need very little time to complete both tests. Please leave the classroom quietly so that you don’t 

disturb your classmates who are still learning. 

 

 

Review Q1: Computing normal probability.  

What is the probability that a normal random variable with mean 100 and 

standard deviation 25 to be greater than 125? You need to use Z-transformation 

and use R command pnorm(). 

 

P(X>125) = P(Z > (125-100)/25) = 1- P(Z < (125-100)/25) =0.1587  

We can compute this in R by typing in 1- pnorm((125-100)/25)  

 

Review Q2: Standard Deviation of sample mean 

Each of x1, x2, x3,...,xn has standard deviation δ. Then, what's the standard 

deviation of the sample mean? 

 

The standard deviation of the sample mean is δ/sqrt(n).  

 

Q1. In Norway, birth weights for infants whose gestational age is 40 weeks have mean 3500 grams and 

standard deviation 430 grams. Assume that the birth weight distribution is unknown. What is the 

probability that the mean weights of 4 random infants to be greater than 3000 grams? 

 

THE DISTRIBUTION OF SAMPLE MEAN IS UNKNOWN BECAUSE ORIGINAL DISTRIBUTION OF ONE INFANT 

IS UNKNOWN. UNLESS WE HAVE LARGE ENOUGH SAMPLES TO USE CENTRAL LIMIT THEOREM, WE 

CANNOT COMPUTE PROBABILITY. 

 

So in conclusion, we do not have enough information to answer this question.  

 

Q2. In Norway, birth weights for infants whose gestational age is 40 weeks have mean 3500 grams and 

standard deviation 430 grams. Assume that the birth weight distribution is unknown. What is the 

probability that the mean weights of 40 random infants to be greater than 3400 grams? 

 

THE DISTRIBUTION OF SAMPLE MEAN IS NORMAL BECAUSE WE HAVE LARGE ENOUGH SAMPLE SIZE 

EVEN THOUGH THE ORIGINAL DISTRIBUTION OF ONE INFANT IS UNKNOWN. As the mean of the birth 
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weight of each infant is 3500 grams, the mean of the sample mean of 40 infants' birth weights is also 

3500 grams. Recall that the mean of the sample mean is identical to the mean of each random variable. 

Here, each random variable (birth weight of each infant) has mean 3500 grams. As the birth weight of 

any infants has standard deviation of birth weight at 430 grams, the standard deviation of the sample 

mean of 40 infants' birth weights is 67.99 grams. We just used the property in the Review Q2 by 

computing δ/sqrt(n) with δ=430 grams, and n=25.  

 

Now, we know that the sample mean has 1) normal distribution, 2) mean 3500, and 3) standard 

deviation 67.99. So the problem turns into following regular normal probability computation: 

P( sample mean > 3400 ) = 1- P( sample mean < 3400) = 1- P( Z < (3400-3500)/67.99). 

This can be solved in R by the following command: 1-pnorm((3400-3500)/67.99) .  

In conclusion, the probability is 0.929.  

 

Q3. In Norway, birth weights for infants whose gestational age is 40 weeks have mean 3500 grams and 

standard deviation 430 grams. Assume that the birth weight distribution is normal. What is the 

probability that the mean weights of 4 random infants to be greater than 3000 grams? 

 

THE DISTRIBUTION OF SAMPLE MEAN WEIGHT IS NORMAL BECAUSE THE DISTRIBUTION OF EACH 

INFANT'S WEIGHT IS NORMAL. As the mean birth weight of each infant is 3500 grams, the mean of the 

sample mean of 4 random infants' birth weights is 3500 grams. Again, this is because the mean of the 

sample mean is identical to the mean of each random variable. Here, each random variable (birth weight 

of each infant) has mean 3500 grams.  As the birth weight of any infants has standard deviation of birth 

weight 430 grams, the standard deviation of the sample mean of 4 infants' birth weights is 215 grams. 

Again, we just used the property in Review: Q2 and plug in the number into the formula: δ/sqrt(n). Here, 

δ=430 grams, and n=4.  

 

Now we know that the sample mean has 1) normal distribution, 2) mean 3500, and 3) standard 

deviation 215. So the problem turns into following regular normal probability computation: 

 P( sample mean > 3000 ) = 1- P( sample mean < 3000) = 1- P( Z < (3000-3500)/215)  

This can be solved in R by the following command: 1-pnorm((3000-3500)/215).  So in conclusion, the 

probability is 0.99 

 

Q4. The life of a certain brand battery has mean 800 hours and a standard deviation of 150 hours. When 

one battery fails, it is immediately replaced by an identical new battery. 

Assume that the battery life has a normal distribution. Suppose there are 5 batteries on hand. What is 

the probability that the 5 batteries are used up in less than 4000 hours? 

 

Since total hours of 4000 is equivalent to mean of 800 hours, let’s restate this problem in terms of 

sample mean of battery life, not of the total battery life: “What is the probability that the mean life of 5 

batteries are less than 800 hours?”   

Now let's solve the problem after we converted. THE DISTRIBUTION OF SAMPLE MEAN IS NORMAL 

BECAUSE THE ORIGINAL DISTRIBUTION OF ONE BATTERY IS NORMAL. Since the mean life time of each 

battery is 800 hours, the mean of sample mean of randomly chosen 5 batteries is 800 hrs. Again, this is 

because the mean of the sample mean is identical to the mean of each random variable. Here, each 
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random variable (life of each battery) has mean 800 hrs. Since the life of each battery has standard 

deviation of 150 hours, the standard deviation of the sample mean of 5 batteries is 67.08 hrs. We just 

used the property Review: Q2 and plug in the number into the formula: δ/sqrt(n). Here, δ=150 hours, 

and n=4. 

Now we know that the sample mean has 1) normal distribution, 2) mean 800, and 3) standard deviation 

67.08. So the problem turns into the following regular normal probability computation: 

P( total hours < 4000 ) = P( sample mean < 8000 ) = P( Z < (800-800)/67.08)  

 

This can be solved in R by the following command: pnorm((800-800)/67.08).  So in conclusion, the 

probability is 0.5 

 

Q5. The life of a certain brand battery has mean 800 hours and a standard deviation of 150 hours. When 

one battery fails, it is immediately replaced by an identical new battery. Assume that the distribution of 

battery life is unknown. What is the probability that the 5 batteries are used up in less than 4000 hours? 

 

Since total hours of 4000 is equivalent to mean of 800 hours, let’s restate this problem in terms of 

sample mean of battery life, not of the total battery life: “What is the probability that the mean life of 5 

batteries are less than 800 hours?” THE DISTRIBUTION OF SAMPLE MEAN IS UNKNOWN BECAUSE 

ORIGINAL DISTRIBUTION OF ONE BATTERY LIFE IS UNKNOWN. UNLESS WE HAVE LARGE ENOUGH 

SAMPLES TO USE CENTRAL LIMIT THEOREM, WE CANNOT COMPUTE PROBABILITY. In conclusion, we do 

not have enough information to solve this problem. 

 

Q6. The life of a certain brand battery has mean 800 hours and a standard deviation of 150 hours. When 

one battery fails, it is immediately replaced by an identical new battery. Assume that the distribution of 

battery life is unknown. Suppose there are 30 batteries on hand. What is the probability that the 30 

batteries are used up in less than 25000 hours? 

 

Since total hours of 25000 is equivalent to mean of 833.33 hours, let’s restate this problem in terms of 

sample mean of battery life, not of the total battery life:  "What is the probability that the mean life of 

30 batteries are less than 853.33 hours?" 

THE DISTRIBUTION OF SAMPLE MEAN IS NORMAL BECAUSE WE HAVE LARGE ENOUGH SAMPLE SIZE 

EVEN THOUGH THE ORIGINAL DISTRIBUTION OF ONE INFANT IS UNKNOWN. Since the mean life time of 

each battery is 800 hours, the mean of sample mean of randomly chosen 30 batteries is 800 hrs. Again, 

this is because the mean of the sample mean is identical to the mean of each random variable. Here, 

each random variable (life of each battery) has mean 800 hrs. Since the life of each battery has standard 

deviation of 150 hours, the standard deviation of the sample mean of 30 batteries is 27.39 hours. We 

just used the property Review: Q2 and plug in the number into the formula: δ/sqrt(n). Here, δ=150 

hours, and n=30.  

 

Now we know that the sample mean has 1) normal distribution, 2) mean 800, and 3) standard deviation 

27.39. So the problem turns into the following regular normal probability computation: 

P( total hours < 25000 ) = P( sample mean < 833.33 ) = P( Z < (833.33-800)/27.39)  

This can be solved in R by the following command: pnorm((833.33-800)/27.39).  So in conclusion, the 

probability is 0.888 
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