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Abstract 

Math Explorer is an online assessment system that aims to grade multi-line mathematics solutions 
entered by students. Different from many existing computer software and online assessment mate- 
rials, Mnth Explorer uses informational feedback. Stude~zh do not only learn the correctness of their 
answers, but also get hints/infomation that guide them to locate and correct their mistakes. This 
study attempts to find out how the students in a neighbourhood seconday school perceive this type 
of feedback. It is hoped that such knowledge will help teachers and online instructional designers to 
better design online assessment programs for seconds y students. 

Background 

Math Explorer was originated by a few graduate students of Massachusetts Insti- 
tute of Technology and further developed and marketed by IQ Explorers.com 
Private Limited, a spin-off company from National University of Singapore. The 
system was first introduced to local schools in August 2001 when the company 
conducted a pilot study in three schools, namely River Valley High School, Nan 
Hua Secondary School and Clementi Town Secondary School. 

Prior to the appearance of Math Explorer, there were at least two online 
Mathematics assessment programs familiar to Clementi Town Secondary School: 
(1) Cambridge On-line and (2) Wizlearn LMS. Cambridge On-line is an online 
databank that has a collection of past years examination questions with answers. 
Wizlearn LMS (Learning Management System) is a web-based assessment sys- 
tem where students can answer multiple-choice questions without providing any 
workings. 

A major difference between Math Explorer and these two programs is in its 
feedback design. Math Explorer uses information feedback which not only tells 
students the correctness of their answers, but also provides information for them to 
locate and correct their errors. Such a feature is important for mathematics learning 
as learning mathematics involves learners' ability to apply concepts through linear 
or complex algorithmic steps shown in their workings. At times, a mathematics 
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solution can be awarded method marks for an incorrect answer if the student is able 
to apply the concept in his workings correctly. Math Explorer is accessible via the 
Internet. Learners can enter their multi-line mathematics solution into the system. 
When the "Auto-grade Solution" button is clicked (Fig. l), the system checks and 
responds to each and every step of a student's multi-line mathematics solutions. 

1 1  Express as a sin& fraction - +- 
x + 2  2 - X  
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Fig. 1. User interface of Math Explorer. 

Once students' answers are input, the system shows the results and analysis 
according to teachers1 marking scheme (Fig. 2). Teachers can use standardized 
schemes or incorporate their own marking schemes to award scores based on com- 
pulsory mathematics methods and intermediate answers in students' working. The 
system shows the correctness of a student's answers and also provides hints on the 
areas of weaknesses. If students are still unable to correct their responses based 
on the information provided, they have the option to click on the "View Model 
Answer" button to view the answer input by the teacher. 

Informational feedback is recognized as one of the most important aspects 
of feedback (Anderson, Kulhavy & Andre, 1972; Guthrie, 1971; Roper, 1977). 
Researchers holding this theory believe that students possess at least some prior 
knowledge, which can be related to the material being studied. Therefore, the main 
function of feedback is to provide corrective information. By merely saying "cor- 
rect" or "wrong", the feedback message is not providing students with enough 
informational content. Research shows that learning is more effective when the 
feedback system provides information to help students to locate errors in their 
responses, leading them to re-study or seek help on points where the feedback has 
identified error (Kulhavy &Wager, 1993). The question here is how Math Explorer, 
which is based on a sound theory, is received by its intended learners. 
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Fig. 2. Auto-graded result in Math Explorer. 
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Question 2 (QID = 807)  

Autograded Result 

Methodology 

2 - x + x + 2  
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Participants 
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The participants in this study comprised of forty-two students from Clementi Town 
Secondary School. All were secondary four express students who took Mathematics 
Syllabus D and Additional Mathematics as part of their core subjects. There were 
16 boys and 26 girls and their average age was 16 years. 

Prior to this study, all the 42 students participated in a one-week pilot study 
on the use of the Math Explorer in August 2001. The pilot study was conducted by 
IQ Explorers.com Private Limited (Math Explorer developer) and it involved the 
students in completing an exercise on trigonometry via Math Explorer. Through 
the exercise, the students became familiar with the features of the system. 

Instrument 

0 
l'- (answer not m correct form 

A questionnaire with four likert scales was designed (Appendix). The questions 
focused on students' general perception of the feedback used in Math Explorer 
such as function and usefulness, learner control and pre-search availability, and 
their view of informational feedback. In addition, one section was provided for the 

Feedback message 
generated by system 

participants to write their comments. 

Total Score = [ l ]  / [2] 
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Data Collection Procedures 

Data was collected in February 2002. By January 2002, Math Explorer had been 
enhanced with a new graphical user interface. For three weeks, the students were 
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asked to use Math Explorer to complete their weekly homework assignments, one 
assignment per week. The students had the choice of completing the assignment 
at the school computer lab after school or working at home. The school computer 
lab had more than 40 computers connected to the Internet, and the lab was opened 
twice weekly for 1 hour after school. 

The questionnaire was administered in the fourth week immediately after the 
students completed their three assignments. Before the questionnaire was admin- 
istered, the purpose of the survey was explained to them and the students were 
assured that the results were confidential and would not affect their grades. It took 
the students about 20 minutes to complete the questionnaire. 

Findings and Discussions 

What was the Students' General View of Feedback Used in Math Explorer? 

All the 42 participating students responded to the questionnaire. The majority 
(90%) of the students agreed that it was important to have feedback during the 
instructional process (Table 1). Some students responded in open-ended comments 
that feedback of any form was better than no feedback. 

Table 1. 
What was the students' general view of feedback used in Math Explorer? 

Question SA A D SD Mean SD 

It is important to have feedback during the instructional 60 30 10 0 3.50 0.67 
process 
The feedback system used in Math Explorer is meaningful for 24 62 14 0 3.10 0.61 
learning 
The feedback system used in Math Explorer keep me actively 12 60 26 2 2.82 0.66 
engaged in learning 
The feedback system used in Math Explorer is effective for 17 67 14 2 2.99 0.63 
learning 

With a mean of 3.10 and standard deviation of 0.61,86% of the students thought 
that the feedback system used in Math Explorer was meaningful for learning. 
Seventy-two per cent of the students agreed that the feedback system used in Math 
Explorer kept them actively engaged in learning. A few students mentioned in the 
open-ended comments that learning through the feedback system used in Math 
Explorer could be "addictive", and they enjoyed the use of this system so much 
that at times they forget about time. As a result, they spent long hours on the system. 
The majority (84%) of the students felt that the Math Explorer was an effective tool 
for mathematics learning. The students liked the feedback system which provided 
step-by-step answers that helped them understand the problems, and they also 
learnt to present their answers in the correct manner by viewing teachers' model 
answers. 
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Did the Students Like Immediate Feedback? 

The timing of the feedback is an important aspect in the design of computer- 
based feedback although there is no consensus among researchers on when it 
will work best for learners. According to Skinner (1954), the lapse of only a few 
seconds between response and reinforcement destroys most of the effect. However, 
Brackbill, Wagner and Wilson (1964) found that delaying feedback increased scores 
on a later test of retention. When students see delayed feedback they tend to spend 
more time studying it, probably because they are less fatigued following the delay 
(Kulhavy & Wager, 1993; Cooper, 1993). 

In Math Explorer, the students had the option to receive immediate feedback on 
each problem by clicking the "auto-grading" facility, or the option to use auto grad- 
ing at the end of the entire of session. Eighty-three per cent of the students expressed 
that they liked the immediate feedback feature (Table 2). This is rather consis- 
tent with findings from several past studies on the students' perception towards 
computer feedback. 

Table 2. 
Did the students like immediate feedback? 

Question SA A D D SD Mean SD 

I like the immediate feedback system 23 60 17 17 0 3.06 0.63 
used in Math Explorer 

Did Information Feedback Help Students Locate and 
Correct their Mistakes? 

Informational feedback available in Math Explorer intends to help students to locate 
and correct their mistakes. Sixty per cent of the students felt that the information 
and hints provided by the feedback feature was sufficient to locate their errors. 
Eighty-four per cent felt that the information and hints helped them to correct their 
mistakes and 61 per cent felt that the information and hints provided helped them 
to understand where they went wrong (Table 3). 

Of the few students who chose "Disagree" or "Strongly Disagree" and made 
open-ended comments, one pointed out that some general hints provided such as 
"not in the correct form" were too vague and they found it difficult to understand 
what the messages meant. Another commented that he had to struggle to interpret 
the feedback message. But all said that the option to view the model answer some- 
times helped to clarify their doubts when they did not understand the feedback 
messages. The implication of these findings is that the feedback messages used in 
Math Explorer should be further enhanced. Feedback messages must be written in 
terms and language that the target learners understand easily. 
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Table 3. 
Did information feedback help students locate and correct their mistakes? 

Question SA A D SD Mean SD 

The information and hints provided by the feedback system 5 55 33 7 2.58 0.70 
used in Math Explorer is sufficient to locate my errors. 
The feedback system used in Math Explorer helps to correct 24 60 16 0 3.08 0.63 
my responses. 
The information and hints provided by the feedback system 1 1  50 29 10 2.62 0.81 
used in Math Explorer help to understand where I went wrong. 

What Did the Students Think of Pre-search Availability of Feedback? 

The term pre-search availability refers to situations where students can locate the 
correct answer easily without first searching through. The pre-search availability 
of the feedback system used in Math Explorer is rather high as students can easily 
obtain quick answers by clicking the view model answer button. A surprising 84% 
of the students did not feel that the high pre-search availability encouraged them 
to click on the view model answer button for answer before trying out the problem 
themselves (Table 4). 

Table 4. 
What did the students think of pre-search availability of feedback? 

Question SA A D SD Mean SD 

The feedback encouraged me to click on the view model 2 14 55 29 1.89 0.71 
answer button for answer before trying out the problem myself. 

It is unclear why the students in this study preferred not to use feedback before 
attempting to solve a problem. One possibility is that the students believed that such 
checking was not "right". As one student commented that "you can use the view 
model answer for cheating". Another commented that the quick answer would 
eliminate their need for more integrated understanding and not learning as a result. 
These comments appear to be in line with the belief that certain feedback reduces 
the need for cognitive processing thus reducing learning (Anderson, Kulhavy & 
Andre, 1972). 

Did the Students Have Control of Pace and Amount of Information? 

Cooper (1993) points out that it is important that a learner maintains control of feed- 
back. Normally, learners should be in control of the feedback because they know 
how much time they need to process corrective feedback. Eighty-three per cent of 
the students felt that they had control over the pace and the amount of feedback 
information in the feedback system used in Math Explorer (Table 5). Some students 
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responded in the open-ended comments that they had the flexibility to view the 
feedback immediately or later depending on their level of mastery of the topic. 
In addition, some students commented that they had a choice to auto-grade their 
answer to check for error before viewing the model answer. As the program had 
an option to allow students to go back and re-examine the questions, the students 
could do so before viewing the model answer. 

Table 5. 
Did the students feel they had control of pace and amount of information? 

Question SA A D SD Mean SD 

I have control over the feedback system in Math Explorer 28 55 17 0 3.1 1 0.67 

What Are the Most Preferred Feedback? 

In the questionnaire, the students were also asked to rank in order of preferences 
three types of feedback. The summary of the results is shown in Table 6. 

Table 6. 
What are the most preferred feedback? 

Type of Feedback No. of Respondents 

Computer tells you whether you are Right or Wrong and nothing else 3 (7%) 
Computer provides information on where you go wrong and have the option 30 (72%) 
to view the model answer. 
Teacher administered feedback. 9 (21 %) 

It is interesting to note that the majority (72%) preferred computer provided 
feedback that offers the option of viewing model answers. In comparison, only 
21% of the students preferred teacher administered feedback. A number of stu- 
dents commented that they hardly had individual interactions with teachers in a 
classroom of 42 students, but they could have individual interaction with Math 
Explorer. Teacher administered feedback was usually delayed. As a result, some 
students could not even remember the questions or answers when they received 
the teacher's feedback. Such a finding should be encouraging news for software 
and online instructional developers. 

Conclusion 

Information feedback used in Math Explorer intends to provide additional infor- 
mation to help learners to locate and correct their errors. Regardless of the technical 
problems encountered, the students were generally positive towards the feedback 
provided in the online program. The findings from the student questionnaire sup- 
ported the existing studies (Kulhavy & Wager, 1993) by confirming that the students 
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were positive towards a feedback system that offers more information than sim- 
ple "Yes" or "No" answers. The students perceived the feedback used in Math 
Explorer to be meaningful, engaging and effective for learning, and they felt that 
they had control over the pace and amount of feedback information during the 
instructional process. However, the findings also revealed that feedback messages 
in Math Explorer were sometimes vague and offered little assistance to the learn- 
ers. In order for the information feedback to be effective, the system needs to be 
improved and it is important that question writers use language and style familiar 
to target learners. 

Math Explorer complemented classroom mathematics lessons by providing a 
different mode for students to study on their own and conduct self-evaluation. 
The system has the potential to promote independent learning. For the students 
who overcame the initial obstacle in familiarizing themselves with the system, 
Math Explorer is able to keep them engaged in learning. The auto-grading system 
provided by Math Explorer has the potential to reinforce basic mathematical skills 
at the students' own time and pace. As such, much time can be saved during 
curriculum time for higher order thinking and interactive activities. 

As the system has a built-in management system, teachers can use the informa- 
tion on students' misconceptions to address the problems during face-to-face con- 
tact with the students. In a way, Math Explorer helps to indicate learning gaps where 
teachers can re-teach. Math Explorer may possibly take over teachers' menial tasks 
of checking students' mathematical and algebraic manipulation procedures. As a 
result, teachers can spend more time focusing on the design of other teaching tasks. 
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Appendix 

Math Explorer 
Student Questionnaire 

Name: Class: 

For the following relevant questions, SD = Strongly Disagree, D = Disagree, 
A = Agree and SA = Strongly Agree 

1 
la 

lb  

lc  

Id 

l e  

If 

1g 

l h  

l i  

l j  

lk 

Perception 
It is important to have feedback during the instructional 
process 
I like the immediate feedback system used in Math 
Explorer 
The feedback system used in Math Explorer is mean- 
ingful for learning 
The feedback system used in Math Explorer keep me 
actively engaged in learning 
The feedback system used in Math Explorer is effective 
for learning 
The feedback system used in Math Explorer helps to 
correct my responses 
The feedback system used in Math Explorer is informa- 
tional rather than judgmental 
The information and hints provided by the feedback 
system used in Math Explorer is sufficient to locate my 
error 
The information and hints provided by the feedback 
system used in Math Explorer help to understand 
where I go wrong 
The pre-search availability of the feedback system 
encourage me to click on the view model answer button 
for answer before trying out the problem myself 
I have control over the feedback system in Math 
Explorer 

SD D A SA 
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11) Any other comments on the feedback system used in Math Explorer? 

2a) Rank in order of preference 1-3 (1 being the most preferred) 

1 Forms of Feedback I Rank 1-3 
I 

Teacher administered feedback (go through the answer 1 
the next day) 
Computer Generic feedback (Tell you whether you are 
Right or Wrong and nothing else) 
Computer Elaborative Feedback ( Math Explorer) (Pro- 
vide information on where you go wrong and have the 

2b) What do you think are the advantages and disadvantages of the use of Math 
Explorer for mathematics learning? 

2c) Any other comments? 

Thank you for your valuable feedback 
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