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Abstract

Reinforced Concrete (RC) design is avery important course on civil engineering in higher
education. Students are taught in this course how to design a structure by using reinforced
concrete. Students are also trained to follow the building code (Code by ACI, American
Concrete Institute) into design . Because the building code is a very complicated collection
of rules, students are easily misunderstanding in the learning procedures and instructors or
tutors must pay more time to explain the RC theory and describe the procedures of design #°.
Otherwise, teachers need spend a lot of time to correct students’ examinations’. It is dso
difficult to evaluate students’ misconceptions by traditional test. Therefore, it is necessary to
develop computer-aided tools to help teachers’ teaching for the RC design course.

This paper describes AWRC, aweb-based reinforced concrete design adaptive testing system
developed by author’s research team. AWRC includes a test bank saves over 200 testing
problems, atesting generator devel ops adaptive testing problems to each student’s
achievement level, a diagnosis system may find students’ misconception through the testing
progression. A level manager is used to calculate the difficulty level of a problem and the
achievement level of astudent. An agorithm by “skills” to assign the initial difficulty level
of aproblem is proposed in this paper. The functions of AWRC aso include test delivery,
scoring, and record keeping. AWRC can help teachers to generate, score and assess an
examination. Students may login AWRC to practice examples and to check the design
procedures of RC structures in 24 hours.

The testing system is made on the NT platform, written by ASP (11S), Visual Basic and uses
SQL Server as a database system. The major advantage of this testing system is full y
automatic and adaptive.

Keywords: on line test, adaptive testing system, reinforced concrete design, fault diagnosis,
difficulty level
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1. Introduction

With the fast improvement of computer technology and the Internet, educators may alternate
pedagogical tactic from traditional teaching strategy to the e-learning which highly uses
computer capabilit%/ for creating, storing, sharing and distributing teaching curriculums and
testing materials >*°. The use of computers for testing purposes, called Computer-Based
Testing (CBT), has a history more than sixty years. The IBM developed the first computer
machine for testing scoring in 1935 . The CBT can be divided into three levels, the
computer scoring, the computer testing and the adaptive computer test. The adaptive
computer test isthe most difficult to develop, because it depends on the Item Response Theory
(IRT), Knowledge Space Theory (KST) or other approaches are more complex than the
traditional testing theory. The adaptive computer test has advantages of easy finding testers’
level, reducing to inputting information and a minimum of redundancy. Besides, the Internet
was improved very fast in the last twenty years and will become more and more important in
the future. Therefore, to develop an on-line testing system isrequired and necessary. The
course of reinforced concrete (RC) is opened in the third years on civil engineering. The
design procedures are theoretic and sequential constant. Students are trained to follow rules
to make calculations and design the structure. Therefore, the RC design is a strict
hierarchical structure that is easy to program and to make the adaptive testing system. Thisis
the main reason that the RC course is selected and devel oped to be the first Web-course in our
department.

This paper describes AWRC, aweb-based reinforced concrete design adaptive testing system
developed for improving the performance of teaching. AWRC have abilities of generating
adaptive test depended on students' achievement, finding students misconception by using the
diagnosis system and describing the whole calculating processes of the test by using the
answering system. Testing problems can be assigned by teachers or generated by system
automatically.

This paper is organized as follows: We first describe the AWRC system and explain the
relationships among components of the AWRC system. Secondary, we explain the design of
diagnosis system of AWRC. Third, the logic of the adaptive function and the level manager
are discussed. Fourth, an algorithm by “skills” to assign theinitial difficulty level of a problem
is discussed. Finally, we make some conclusions and illustrate the future studies we will
concentrate.

2. AWRC System

The AWRC system consists two databases: Testing Database (TDB in short), Users Database
(UDB in short) and four database managers: Testing Generator (TG in short),
DiagnosisAnswering Evaluator (DAE in short), Level Manager (LM in short) and Adaptive
Manager (AM in short). Besides those two databases and four database managers, the
AWRC aso includes two user-interface programs: Embedding Tags GUI program (ETG in
short) and Testing Assignment GUI program (TAG in short). We use SQL Server as database
system to set up TDB and UDB databases. ETG and TAG two GUI program are written by
Visual Basic. The others database managers are written by ASP (11S). The
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system of AWRC isshown in Fig. 1 asfollows:
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Fig. 1 AWRC system

into make-up information for improving the reusability and message understanding. With
the GUI programming, the ETG is easy to use and can transfer the teachers' testing materials
into tagged documents in XML format. After the tagged transformation, these tagged
documents will be stored into testing database through the data engine program. The tagged

format of atesting problem is shown as the following table:
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Table 1. The format of atagged testing document

<?ml version = “1.0” encoding = Bigs” ?>

<AA>
<Problem> Please find the capacity of nominal moment M, of the beam shown
as the following cross-section ? </Problem>
<Input Vaue = “X">Mp </Input>
Va2 GT="30" , LT="50", Unit = “cm”>b = </Var2>
<Var2 GT="50", LT =“70", Unit="cm”">d = </Var2>
<Va2GT="5",LT =“12", Unit="cm">d =</Va2>
<Var2 GT ="210", LT ="350",Unit = “kg/cm® > ' . = </Var2>
<Var2 GT="2800", LT="4200",Unit = “kglcm*"> f, = </Var2>
<Varl GT="20", LT="40" ,Unit="cm*'>As = </Var2>
<Description>b: Width of beam</Description>
<Description>d: Effective depth of beam</Description>
<Description>f’: The strength of Concrete</Description>
<Description>f,: The yielding stress of steel bar</Description>
<Description>As: The total tensile reinforcement</Description>
<Graphic>../graphics/test2.bmp</Graphic>
<Answer>../Janswers/al3.asp</Answer>
<Diagnosis> ../diagnosis/d13.asp</Diagnosis>

</AA>

In which

<AA></AA>: Problem’s begin and end tags.

<Problem></Problem>: The description of problem.

<Input value = “ X”></Input>: Input frame, the attributed nameis X.

Va2 GT ="30", LT ="50",Unit = “cm”></Var2>: Variable of integer (30 to 50), the unitis
cm.

<Description> </Description>: Description of variables.

<Graphic></Graphic>: The location of the graphic file of the problem.
<Answer></Answer>: The |location of the answering program.

<Diagnosis></ Diagnosis >: The location of the diagnosis program.

Testing Assignment GUI program (TAG): Teachers can use TAG to choose the problems from
the testing database for setting up atest and assign the testing constraint factors, such as the
time limitation, the order of testing problems and the format of problems. The test created by
the TAG assignment has fixed number of problems and is used for examinations.

Testing Generator (TG): The TG transfers the tagged testing document, saved in the testing
database, to HTML format for browser’s showing. The testing variables are generated
randomly. Therefore, the same testing problem will show in different format for different
users. The answer program will calculate the correct answer for each execution. The
diagnosis program will trace the processes of user’s operations and find users’ misconceptions.
The processes of the TG are shown as the following graphic.
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Figure 2. The output of testing generator

Adaptive Manager (AM): The AM is used to find the adaptive testing problems to students.
The AM searches the proper tests that are depended on students’ level and assigns to students
automatically. The AM is suitable for students' practicing and evaluating students’ level, but
is not for examination.

Diagnosis /Answering Evaluator (DAE): The DAE can find the problem’s correct answer if
the answering program is assigned and explore both users' mistakes and correct answer if the
diagnosis program is assigned. The detail description of the DAE will be discussed in the
next session.

Level Manager (LM): The LM updates both students' achievement level according to the
difficulty levels of all problems they correctly answered and the difficulty levels of problems.

Testing Database (TDB): The TDB saves testing problems in tagged format. It also includes
the data of difficulty levels of problems and the index information that problems belong to.

Users Database (UDB): The UDB saves students' basic data, testing diagnosis results and
achievement levels.
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The numbers in Figure 1 are the order of AWRC executions. All AWRC executions can be
divided into the following four stages.

(1) Teachers create testing problems. AWRC tags problemsin XML format and saves
problems into database system. Number (1)~(3)

(2) Teachers assign the mode of examinations. Two distinct modes (standard and adaptive)
can be selected. Number (4)

(3) Examination execution: problems generation, test delivery, diagnosis/answering and
record keeping. Number (4)~(8)

(4) Level management: update data of students’ achievement levels and problems’ difficulty
levels. Number (9)~(12)

3. The Diagnosis System of AWRC

The diagnosis function of AWRC is supported by the Diagnosis /Answering Evaluator (DAE).

The procedures of developing the DAE are shown as the following three stages.

(1) Anayze problem’s knowledge space and represent it as an algorithm hierarchy. For the
example of the problem (RC beam analysis) is shown in Figure 2. Its knowledge space
can be shown asin the Figure 3. The valuesof b, d, fy, fc’ and Asare randomly generated
by the Testing Generator. The knowledge space includes the total possible executing
calculations, adjustments and branches of a problem.

b, d, fy, fc', As ||
= O
Calculate agp (balanced depth of concrete)
<L
Calculate Agp (balanced reinforced volume)

CompareAs, Agh
Over-reinfor ced (ASV wer-reinforced (As<A)
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Caculate fg The nominal moment Calculate
(reinforced stress) Mn=fyAdd-ash/2) a=Asfy/ (0.85f¢ b)
4 L
Calculate JL

a=Asfs/ (0.85fc b) The nominal moment
M n=fyAg(d-a/2
. n=fyAs(d-a/2)

The nominal moment
M n— fsAs(d-B/Z)

Figure 3. Algorithm hierarchy of a knowledge space
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(2) Follows the above algorithm to develop the answering program. Answering program
can find the problem’s correct answer for different input variables and show the
calculation procedures of the answer.

(3) Follows the above agorithm to develop the diagnosis program. If the diagnosis is
checked the problem will ask student to answer a serial questions but fill-the-gap
question. For the example is shown in figure 2. After the problem description, student
will be asked to answer the progressive questions shown in Figure 4 as follows:

Please select the following data you may answer step by step.
(D Ma (9 fs( As (4 a(s) ?(6) R

Step 1. Select ‘37 Next | Press button to
i — the next stage.

A= 47.06 | cm2

Next
Step2: Select | 4 |

Next
a= [ 894 |om k& _

Next

Step 3: Select \ 1 \ ghm Mn issdlected, the
I End button is shown.
M= | 3226 TM || End | na buttonis snown

Figure 4. The progressive problems in the di agnosis mode

The diagnosis program traces student’ s inputs to find out mistakes. We set up the tolerance to
verify the answer is 5%~10% difference by step number. The diagnosis program can
recognize which steps student makes wrong calculation. Teachers may modify their teaching
strategies by those statistics from diagnosis data.

4. The Adaptive Function and L evel Manager

Both the achievement level of a student and the difficulty level of a question are divided into

ten grades from 1 (the lowest) to 10 (the highest) in AWRC. The logic of the adaptive
function for a domai nisshown in Figure 5.

't 't t t
§ wrong correct . correct
Q
Begin
(The achievement level of the student =5)

Figure 5. The logic of the adaptive function for adomain
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The adaptive manager first sends the problem with difficulty level is equal to the achievement
level of the student. The progressive problem is sent following the logic of the adaptive
function. AWRC saves over ten problems with different difficulty levels in each domain.

Now, we describe the functions of calculating both the achievement level of a student and the
difficulty level of a problem used in the level manager. The definition of calculating
functions is refer to the Mine’s studies *. The achievement level of a student is recursively

calculated with the difficulty level of a problem at stated periods and vice versa. They are
defined as follows:

1 if mg; =0 1 if §answered Q; correctly
Sj= {ml éle"q“ -S,; Otherwise Sij = { 0 Otherwise
St
o my;
ai= St Y1 |'Xi,' v
B Q. t : S oy J J If éi”jj”lxidlo
Ot = ai=1v Xi,J'l )
Oit-1 Otherwise
-1 s;islessthan gj., and § answered Q; correctly
”o— 1 s;isgreater than gj;.1 and S answered Q; wrongly
" 0 Otherwise
In which

S : the achievement level of student S at timet, whereis between 1 and 10.
Qi : the difficulty level of problem Q; at timet, whereis between 1 and 10.
M ¢ : the number of questionsthat S tried at t.

t : the latest time such that S tried to answer Q.

T :thesetof t.

My, 7 the total number of students who tried Q;inT.

The Level Manager automatically adjusts the values of the s and g by using the calculating
functions, but the initial difficulty level of the problem Q; (qj0) and the initial achievement
level of the student S (s) must be assigned by teachers. We refer to the students
performance of the structure analysis course as the initial achievement level of the student in
AWRC. We purpose an algorithm by “skills” to assign the initial difficulty level of problem
and this algorithm is discussed in the next session.

5. TheAlgorithm by “ Skills”
The “skills” algorithm could evaluate the initial difficulty level of the RC problems. The

neural network is used as the modeling methodology of the “skills” algorithm. The “skills’
algorithm can be presented by the simple neura network and shown in the following graphic.
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In which:

@ Input Nodes

(H) Hidden Nodes

@ Output Node

Figure 6. The neural network system of the “skills’ algorithm

There are one output node and four input nodes for this “skills’ algorithm. The output node
obtains the value, from 1 to 10, is the difficulty level of a problem. The input nodes are the
descriptions of “skills’ to present how to solve a problem. The definitions of input nodes
“skills” arelisted as follows:

(1) Thefirst input node represents the total number of possible executing stages of a problem.
For the example of the problem shown in Fig. 3, the value of the first input node is 8.
There are total 8 executing stages for the problem of RC beam analysis.

(2) The second input node stands for the total branches of a problem. There are 3 branches, 3
possible results, for the problem shown in Fig. 3.

(3) The third input node is the number of executing stages to solve a problem. It is 3 to the
balanced mode, 4 to the under-reinforced mode and 5 to the over-reinforced mode for the
problem shown in Fig. 3.

(4) The last input node is the number of determinant to solve a problem. For the problem
shown in Fig. 3, the number of determinant is 1. We need to compare A ¢ with A to
check the possible failure mode.

Before the process of this neural network, we have to prepare data for training and testing *°.
In Taiwan, a national examination for entrance technical universities will hold for each year.
There are more than two thousands of students take this examination in the civil engineering
field and the course of RC design is one of the testing courses. The bulk problemsin AWRC
are collected from this national entrance examination. We had collected more than 200
problems within 7 years examinations. Therefore, we use the examinational results for the
training and testing data.  The predictions of the neural network after training are good fit to
testing results.

6. Conclusions

A web-based reinforced concrete design adaptive testing system (AWRC) had been
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developed. AWRC has a test bank with over 200 testing problems. Each problem owns the
data of the initial difficulty level. AWRC also includes a testing generator can develop
adaptive testing problems to each student’s achievement level, a diagnosis system may find
students’ misconception and a level manager can calculate the achievement level of a student
and the difficulty level of a problem. We believe the AWRC is helpful to improve the
teaching efficacy.

We now are concentrating the web-based course development. The reinforced concrete
design is chosen as the topic course. This web-based course will contain tagged contents for
data communication and understanding and provide different feedbacks as well as study
materials based on the user’s responses.
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