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Abstract—\We introduce a new method for non-computer- a lot of practice. With the pedagogical pattern proposed in
science majors to quickly learn computer programming. The this paper, we illustrate our approach to complete the redui
challenge here is to help those who lack sufficient background training within a very limited time frame.

knowledge, to quickly gain the skills and knowledge to develop . . . .
programs correctly. Traditional computer science programming Our approach integrates different teaching styles. Adgpti

requires several semesters and many foundation courses. Bythe Chinese training model, the entire learning process is
using our practice of loop program training at West Chester disciplined in such a way that the learning outcomes can be
University as an example, we demonstrate how effect_ively our assessed easily in different steps. Reaping the generefitsen
approach can attract students and can keep them working hard of using a pattern, i.e., reusability and concept abstagis]

on the materials with a significant technical depth. On one hand, iv | ’ ’ d full tice the d ’

we adopt the method that is commonly used in programming Stu_dents_ e{:\SIy _egrn ar_1 Sl_JcceSS ulty prac_lce e eB_a_er
training in China in order to cover all the required materials with ~ terials within a limited time in each step using the traditib
many subtasks. On the other hand, we use the traditional method American teaching/learning model to form abstraction,arnd
in the American classes and provide a condensed, comprehensivestand materials, and gain skills. Accumulating achievamin

case study, to help students form the abstractions, understaithe  o5ch step helps us reach an ambitious educational goahwithi
corresponding materials, gain the appropriate skills, and achieve hort ti le. A 3-ph lution i ted
each intermediate task goal. This pattern provides a solution for a short ime scale. -phase solution Is presented.

a complex education problem in a short time scale. 1) We adopt game-like computer equipment, with research
_ Index Terms—Course curriculum, pedagogical pattern, teach- activities relevant to the topics discussed in class to give
Ing programming. students an overall picture of the entire training process,
motivating their study from the beginning and verifying
their ultimate learning outcomes at the end.

Computers have changed our world in many significant 2) Adopting the_Americartraining model, we develop a
ways. Students, especially senior students, from othensei software tool to encourage students to have sufficient
majors with various backgrounds require computer skilis fo programming practice. In order to help students suc-
their own major study or research work. This creates a  cessfully conquer the obstacles in each step (or subtask),
demand for a quick training that can prepare them one or we summarize programming experience into templates.
two semesters. Existing entry-level courses in CSO, CS1, or |n this way, the advanced materials can be transparent,
minor programs (e.g., [4]-[12]) that are available for thos making them easy to learn and to practice.

inexperienced non-CS majors usually aim to a long-term,3) Organized under the Chinesining model, each step
systematic, and broad study for the CS major/career. Thé nee  has its own learning outcomes verified by practicing our

for quick training is usually ignored. On the other hand, thos customized software tool in different levels.
of the computer applications on which they are working are The remainder of this paper is organized as follows: Sec-

commercial-off-the-shelf and use many advanced techsidygn 2 describes the pattern, while Section 3 presents some
in industry that are beyond what we currently teach in thgnclusions.

entry-level courses. A new effective learning process edled

I. INTRODUCTION

to quickly prepare students from widely divergent backgibu Il. PEDAGOGICAL PATTERN FORTEACHING
to be able to have some of the programming abilities of CS PROGRAMMING TO NON-CSMAJORS
graduates. This pattern describes a method to attract a broad range

Loops [14] are one of the basic program structures. Howf students (e.g., non-CS majors) to a computer training tha
ever, as indicated by Elliot Solloway, even experienced prteaches structural programming, such as loop development.
grammers have but a 50/50 chance of developing the corrdckeeps them working hard on materials with a significant
loop when confronted with a do-while (or do-until) choice. Ttechnical depth. The students do not have much background
ensure the correctness, the programmers must learn many theprogramming, so we need to introduce concepts without
oretical aspects such as axiomatic semantics [20] andreequiequiring much previous knowledge. This helps taming the



complex teaching tasks in a very short time frame and guaran- o
tees the quality of their education and the expected outsome condensed training
with less overlap

A. Context

A course or program with complex education tasks, for
instance, industry training in centers that needs to peepar—
programmers in a short time; computer training in univegsit [
that teaches structural programming to non-CS majors, asich _ 2
loop development for junior students of the Physics depamtm ggc?hn'q”e o tocs il |
(and other 11 departments such as the Accounting depajtment S overlap of -
at West Chester University (WCU) who had little or limited | Intro. to CS | | materials .-

computer experience but require computer techniques to pro
cess the experimental data for their senior research psojec

R 1 integrated
B. Problem TeChniqu T - (pl’O.p.Osed)
depth [] traditional
The key is to draw students’ interest and keep this during ]t _ O gisciplined
the entire procedure of our condensed and acceleratedhgain =~ . . | intermediate goals - disciplined |
The challenges are non—-CS major training learning progress / time

1) the difficulty of learning with critical time constraints
2) the widely divergent background, and
3) the lack of sufficient technique preparation.

Fig. 1. Comparison of different teaching styles.

C. Forces D. Solution

Traditional class training To find an education solution that meets all challenges as

o Pros. uses many examples to help students form tﬁge proposed style shown in Figure Lin green, we _need to
concept abstraction and gain programming skills: find a balance of the forces of different teaching stylesntak

« Cons is not feasible in a course with critical timeadvantages of both of them. L . _
constraints. To schedule student progresses within a very limited time

L o _ frame, we adopt the Chinese discipline model and design the
The training is not only limited to the class time but als‘i’earning process via multiple steps. Each step has its own
extended to project practice in the succeeding coursed) Sygormediate goals that are relatively easy to achieve asd h
training in existing bachelor's study takes several seemsstiic oyutcomes quickly verified. The overlap among different
and requires many core courses_t_)efore any_advanced tosREps can be reduced to the minimum, in order to avoid
course can be taken (i.e., the traditional teaching stysveh 5, \nnecessary replication. By accumulating all interiated

in Figure 1 in magenta). ~achievements, the ultimate learning goal can be achieved
Many educators have noticed the advantages of teachmgbhr]cmy with this method.

different cultures (e.g., [17]). In the Chinese teachingest To guarantee the quality of education at each step for

« Pros: the trainees are disciplined so that they can himexperienced trainees to obtain the expected outcomes, we

guided to finish the work quickly; integrate the necessary processes of analyzing and tginkin
» Cons the learning is fragmental and superficial and facesto tasks under the traditional American model. The studen
a high failure ratio. learning is organized in a pre-set procedure. The advanced

The success of iPhone application development in ChiRpterials can be transparent in the description of the sscce
proves that it is possible for amateurs to quickly obtain @Perience in this template. The concept abstraction gesvi
high level of proficiency. In such a model (i.e. the disciptin the disciplines that we need to guide the student study. Its
teaching style shown in Figure 1 in blue), the trainees aextensibility provides the room for students to have a pssce
complish the study by achieving many intermediate goaf@f analyzing and thinking.

However, each sub-task does not have sufficient help toT0 handle the widely divergent background in training, we
guide the trainee’s analysis and thought. It is difficult foWSe real research projects to motivate the students bygavin
the trainee to extend his/her knowledge due to the lack B#9 picture of what they can do. Then, to guarantee the sacces
a complete background on the subject (i.e., fragmental aftieach step, we develop a game-like tool to help the learning
superficial). Moreover, the ultimate training goal cannet bt balances the superficial education and its high failute ra
reached whenever any sub-task becomes an obstacle for4Rger the Chinese style in the following aspects:

trainee and this person cannot have the required thinkidg an « The human-computer interaction attracts the students to
analysis by him- or herself. spend more time after class in a self-learning process,
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Fig. 3. (a) Research in the biology laboratory at WCU with tiote2
sensing platform, and (b) the results that are analyzed by poogram.
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challenging play, attractive to spend more
attractive time of self-learning after class
(a) Pattern design (b) Pattern application in loop study education goals as the training requirements. Then, we show
the challenges in the proposed training. The learning op loo
Fig. 2. The proposed pedagogical pattern. development is organized in 3 subtasks (i.e., steps),vioilp

the criteria of national training standard for informatisys-
tems security professionals [16]. Step 1 introduces th@ loo
guaranteeing enough practice time that we require. syntax in class time. Step 2 discusses a correct development

« The computer tool will test the students’ learning progre¥0cess with templates in class. Step 3 focuses on student
with different difficulty stages, encouraging students tgractice in and after class with the development template.
learn the materials gradually and continuously. Each step has its own education goal according to its differe

« The computer tool uses a comprehensive set of testifje in the entire learning process. The rest of discussion i
cases, which helps instructor(s) to verify the completéh's part focuses on how practical and effective a learning

ness and quality of the training and to synchronize it loop development template under the American training
students’ progress. model helps to realize the above 3 steps that are disciplined

L ) L the Chinese training model. Such a method will guarantee

We make the training at each step fit the disciplines under t %e quality of student work of the necessary analyzing and

Chinese training style by the follows: thinking, while meeting all challenges. We will discuss our
« The computer grading in the test will force students tPnplementation of that 3-phase solution.
accomplish a quality work, helping instructor(s) to ensure 1) Requirements of a loop program training for non-
the students’ progress in a very limited time frame.  Computer-Science majorsthe loop is an essential program
« The tool for the student work after class saves time rycture. Our practice is not only limited to the learnirfgt®
class, making the condensed training feasible. syntax, but also has the following highly expected outcomes
Our solution focuses on realizing the steps that are disrder to prepare students for the programming of the rekearc
ciplined by the Chinese training model with the Ameriprojects in their own major:
can model. It is implemented in 3 phases as illustrated ine to know when and where a loop is needed,
Figure 2 (a). In phase one, we adopt game-line computer, to be able to interpret a sequence of events/activities of
equipment with research activities relevant to the trajrio program execution into a loop program,
motivate student study at the beginning and use its sample to have knowledge of the correctness of a loop program,
work to verify the ultimate outcomes at the end. In phase. to be able to verify a loop program and to correct any
two, we develop a software tool to encourage students to possible error,
have sufficient programming practice. In order to help sttgle o to know how to maintain the program when the require-
successfully conquer the obstacles in each step (or sybtask ments or situation change.
we adopt templates to train the programming development. Ingy Constraints: The challenge is to achieve the above goals
this way, the advanced materials can be transparent, makigfast as in 3 classes (75 minutes each) or equivalently 10
them easy to learn and to practice. In phase three, at egeh ¢fgys. Note that many students in such a class are from other
during the entire learning process, a software tool is useddepartments such as the Performance & Arts Department.
verify the student achievement and to encourage studentstihse students are from 11 different departments and may
continue the learning. Figure 2 (b) shows our implementatigiot have sufficient background knowledge. Imagine thatethos
of this approach for a sample loop training. inexperienced students will be asked to ensure that all code
lines are correct since their very first program. An effextiv
education model is needed.
We use the loop training at WCU to demonstrate the 3) 3-phase solution:In phase 1, we use work on real
proposed approach. In the following, we first list our ultta research projects to motivate students. Without the apatep

E. Example for pattern implementation



imiaization | (7 [[iitaization { | (7 |{iniialization | @ counter = 0; counter=0; other initialization |
i / do / for( rinitialization . / i T i 1 other initialization | ST
while( true falsel{ @ 7777777777777777777 true false Lother initialization | :16 ”””””””” for( counter = 0;
! repetition body!| /' Lrepetition body| jeventehands 7 while (counter < NUM -
wrepetiion body, @ Y /true @ { ¢ ERRE { counter < NUM ; counter++)
) while( ) false  repetition body | S " repetition body i
””””””” | repetition body |  repetition body {
@ © © @ © 0 counter = counter + 1; counter = counter +1; _ L repetition body
) . . . } } while (counter < NUM ) }
Fig. 4. Statement syntax and operational semantics. (a)-(b)evop, > — — o ——---
(c)-(d) do-while loop, and (e)-(f) for loop. () (b) (c)

Fig. 5. Counter-control loop template (Dashed line encldbespart to be
decided).
motivation, the non-CS majors will work for credits only to
meet the gene_ral educgtlon requirement for the_lr gradmat_lswp - canyou Step 2 wihatdo you Siep 3 What does e
They can easily be distracted from the required learningiidis e G0 the 158 Brd. Srd 8o general oumat

iteration? of the iteration?

material according to our classroom experience. The pthnne
education will become very difficult. However, due to the

variety of backgrounds of those students, such a reseasah re (siep sa: whatis et nop (Siep 7 Do we (GBviouh]

should also have a broad impact that can be recognized |byf, eeamring conditon (in the code)? know how many ieration
change on rep. body

most students. o event

control loop

Step 5b: What is the
situation to terminate
the repetition?

Step 10b: What is the
rest of the initialization?|

Fig. 6. Disciplines to develop loop programs (development tatep

Step 6b: What is the
condition (in the code)?

For the loop study, we introduce our research [2] with th v
Wii [15] game-like equipment iMote2 [13] (see Figure 3). It |aoinetales”
is used to detect the change of environment in terms of thee keep repeating)?
temperature and the light, continuously for every second in
7124 schedule. To analyze the data collected, even simply to
obtain the average, a loop is needed. This introduction of ou ik watis e
iMote2 work can bridge the student development in class with™" >
their daily life and even the jobs in industry. Unlike exigfi
activity-driven teaching that adopts laboratory materiaf
wireless sensing for senior project development (e.g.)[22ir
use of wireless sensing equipment focuses on the enhantemen
of students’ interest. Once the students finish the loopitrgj changing the value of variables that are used in the repetiti
they will have a chance later to apply the programminigody before the loop starts iis? iteration.
knowledge to change the control of sensor equipment in theFigure 6 shows the details of the development template. The
sample code. This will be tested in our customized softwaggvelopment starts from the determination of the repetitio
(discussed later) and its success ratio will help to vetify t body. Then, the termination condition is decided. At the,end
ultimate learning outcomes that a CS graduate may have. the initialization is finished to ensure that the right co@e c

In phase 2, our education adopts a learning process thatapplied to the right pre-condition. This process is based
helps students obtain knowledge from practice. First, thiee operational semantics of the loop and it is easy to follow
trainees will follow a disciplined procedure to practicee thWhen the number of loop iterations can be known easily,
correct loop program development. The development follovisis loop is called counter-control loop; otherwise, it &led
a standard, to avoid awkward codes that cause a potentil havent-control loop. To simplify the development, we stigng
work in the maintenance of the code. Advanced concepts asufjgest the use of the counter-control loop because it has a
advanced technigues such as program correctness areatrangimple, structural regularity (see the template in Figyrard
ent, but effectively guaranteeing the quality of programgni require a fewer steps of development (i.e., less work anéifew
Then, when the trainees practice such a procedure of pmoistakes). Note that the correctness of the loop now is easy t
gramming, they repeat the development of correct programeyify for inexperienced programmers by re-applying thmsa
accumulating the experience to gain the required skills addvelopment procedure for a consistency check. Algorithm 1
knowledge. As an abstract module, this procedure can patisimmarizes the function of each step. Figures 7 and 8 show the
different purposes for the use of loop statements, meetiag development of a sample loop program in different ways: the
goal of our training. Note that the correctness proof forhsuacounter-control loop and the event-control loop respebtiv
a procedure is out of the scope of this paper and is omittedhe development progress at each step is highlighted in red.

Figure 4 shows the statement syntax and the operatioifdle event-control loop requires more steps (i.e., stepS)7
semantics of loop development. It is used in class to expldim determine the event descriptor and its value changes.
the use of the loop development procedure. fdpetition body  Our program development introduces the analysis and think-
consists of the code lines that are repeated many times iing to the life cycle of software development as a) requinrgime
sequence. Theonditionis used to stop the repetition whenanalysis, b) design & coding, c) verification, and d) mainte-
it becomes false. Thimitialization consists of all assignmentsnance change:

Step 9b: How to changd
the values in Step 7b
in each different
iteration?




Question: Calculate the result 1+3+5+7+ ... + 99

Algorithm 1: Loop development template.

1) Determine the repetition body and check the necessity

Step 1: Addition Step 2: 143 Step3d =1 +2%+1 ‘ of using a loop statement (Step 1 in Figure 6).

0=0+5 (total = total + ) 2) Find the general format of the repetition body that is

0=0+7 derived from each iteration in the sequence of execution
Step 6a: Yes, couter— (Steps 2 and 3 in Figure 6).
total = 1; Step 52 control loop 3) If the number of iterations can be known, the program
(Ztoctg{f,f?etflg) (counter < 49) @ can be developed in a counter-control loop mode. Oth-

erwise, an event-control loop is needed .

@ 4) For a counter-control loop, provide the condition and
counter=0; counter=0; 1| . ‘ initialization (Steps 5a and 6a in Figure 6) for the
total=1;  f|ioal=1;, |ffeal=1 required work that has been shown in Figure 5.
while (counter 49 ) ||d0 for( counter =0; 5) For an event-control loop, decide the condition to termi-
| S R counter449. counter+4) nate the repetition process (Step 5b in Figure 6). Then,
| total += 2*counter+3;| | total += 2*counter+3; o determine the event description and its change in the
counter = counter + 1 | counter = counter + 1 | total += 2*counter+3; repetition (Steps 6b- 9b in Figure 6). At last, provide
} I | the initialization (Step 10b in Figure 6) to finish the

while (counter %9 1) work.
(b) © (d)
Fig. 7. (a) Development of a counter-control loop, highleghtin red,

following the template in Figure 6. (b), (c), and (d) The réisgl program in
different formats.

Questoin: Calculate the result 1+3+5+7+ ... + 99

Step 2: 1+3
O0=0+5
O=0+7

Step 3l =1 +2%+1
(total =total + ] )

¢

[Step 4: Not obviousj

Analysis: When is a loop needed?

Answer: Whenever we find that something is repeated
many times in a sequence (also called the repetition
body).

Design & Coding: How is a loop developed?

Answer: First, we obtain the description of the repetition
body. This forms the abstraction from all iterations, i.e.,
an “everyone” model that can represent all iterations.
The process is similar to the development of the general
process for each element in an array, but it focuses on
the common part of iterations in the time sequence.

No, event— This procedure also supports nested-loop development by
control loop recursively applying the same development process on
( Step 7b: h Step 6b: Step 5b: ) t_he internal rgpet_ition bod_y_. Next, we C_om_pl_ete _the code
3.5 7, .., (0 <=099) 0 >99 (i.e., the terminating condition and the initializationrf)a
97, 99. in counter-control loop mode or event-control loop mode
respectively.
p l N « Verification: How do | know | am doing this correctly?
Step 8b: —=| Step 9b: 'ﬁ Step 10b: Answer: To avoid any careless mistake, we need to verify
\D =3 ] {D =0+2 each step with the results obtained in all previous steps.
@) For instance, the initialization development in Step 6a
S ERAEEEEEEET 1 N [mrrmmmm ‘ must be consistent with the* iteration described in
;teot:af: L | :teot:alg;: . ||l =1 Step 2. This verification also identifies those identical
‘—————‘::::::‘——‘ for@?%tei:@j e+= programs, in order to avoid unnecessary change.
while (e <=99)) glo “total = total + &' « Maintenance: What about a change of code?
t “total = total + e | | ~----"---- - Answer: Simply repeat the above processes until ev-
total = total + €51 1o =g+ 2; | erything is consistent after the check of the verification
%?ief?iw: Y T phase.
while (e <=99) In phase 3, even though many advanced matters are clear,
(b) (© (d) the students may still feel that the procedure is too comiglex

follow because they are not convinced by the necessity df eac
part/step. Due to the limited practice time allowed in class
tool is needed to help students learn each programming step
by themselves after class. We have developed a customized

Fig. 8. Development (a) and resultant programs (b), (c), ahdf(dn event-
control loop under the guide of the template in Figure 6.
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total=0+ 1
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Steps 4 and 5:
Match the template
of counter—control
loop,

—{NUM = 49

Match the template

Steps 2 and 3:
1+0
| total = total + 2
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Step 4: Not
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No, event-
control loop

tofall=1.# 35 F T o84 #.00

~ |total = total + 4
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‘:;D-:;‘/V 4:5
while { <100

[ttal = total +1

(Step 6 is omitteql)

Step 9b: Step 10b:
i=i+2; total = 1;

li=i+2 /
i Step 8Y: |
i=0;

Confirm

Fig. 10. Test of the event-control loop development with tbmputer tool.

them understand all the relevant details. Figure 9 illistra
the use of such a tool for the development procedure of the
counter-control loop. For instance, in Figure 9 (a), an imco
sistency is found when th&s? iteration has the result of{#3”
which is different from the expected+’5”, by following the
development procedure. Since there is no other error, ttg bo
needs a new code to ensure all the iterations have the right
addition operation. The required change “tetaltaHl-2*i+1"

is obvious. In Figure 9 (b), the loop stops one iteration shor

(i.e., number of iterationsNUM = 49), which demands
for a change of condition (xt50” or “i<=49"). In the case

in Figure 9 (c), we can find two inconsistent places: one
is in the execution of the st iteration and the other is in
the initialization. Considering that only one error incinsth
inconsistencies, the initialization must be changed &lte0”).

Figure 10 demonstrates a similar process for the event-
control loop. We have 4 inconsistent places: two are in the
iterations, one is in the value changes of the event descript
and one is in the initialization part. After the event iniZa-
tion is changed (%3"), the code passes the verification and
becomes 100% correct.

4) ConsequencesFigure 11 summarizes our 9 years’ ex-
perience in teaching loop development in a general edutatio
course for non-CS majors. After the introduction to syntéx o
loops, the students are asked to do a self-evaluation. Most o
them are confident with what they have learned and estimate
that they can finish 70% of loop development work in this
software for students to practice the loop development wigllass. However, when we test with the software tool whether
the proposed template procedure. This computer game-ligy can think about the subject matter as a CS graduate can
software will use one of 10 loop programs according to the g., the analysis and thinking process in Figures 9 and 10)
difficulty level the student selected. For each selecteg,lodnly 49 of the students can really finish the job.
the computer will randomly create an implementation which After the introduction to our template (in Figure 6) for the
has one and only one error among all 12 different steps {Jogram development in our iMote2 research project, stisden
the template). The student will be asked to correct this a@ge willing to use our proposed development procedure iin the
only this error, in 5 minutes. This hand-on exercise with Ugxercises. After that, up to 40% of the students get the idea
to 67 different cases for each selected loop will force thignd pass the test. However, because the training is limited
student to have a deep understanding of the entire develdpmg one week only, up to 60% of the students still have a
procedure. It also provides certain flexibility for studend ifficult time and cannot fully understand the materials. In
control the amount of exercise needed after class (e.grshoghe past 3 years, we introduced the tool in class and used
spent on and times of trials) if they are confident with what in student projects. The improvement is substantial and
they have learnt. significant. After the discussion of such a tool in classgehis

This kind of “one error to correct” game helps students tearned how to develop program correctly. 50% of the stuglent
go through the development process of Algorithm 1 and helpan successfully finish the required work in a quiz. Then,

Program 2

{ total = total + 3
/| total = total + 5

Step 1: Steps 2 and 3:
L total=3+1

'=U
whis i <50 |) ¢

Steps 4 and 5:
Match the templat
of counter—control
loop, NUM =50

[roral = total s 29+ 1

:|=|+'I

'

Carfirm

©

Fig. 9. Test of the counter-control loop development with ¢henputer tool
(“one error to correct”). The red arrow indicates the thimkiprocess.



2 G. Related patterns
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Pedagogical patterns [3], [19], [21], [23] are high-level
patterns in documenting good education and training presti
and experiences through design patterns. They have been

50 A ———  mafterclass

Py discussion recognized in many areas of training such as group work,

llrd s=frerproject | SOftware design, human computer interaction, educatiod, a
.2 practice

20 47 - others.

w1 Although many pedagogical patterns such as “Spiral” use

: . . : the steps (or fragments) in the learning process, they foous
self-evaluation without using tool after using tool N L g ]
{befare class) the repetition or additional use to enforce the learningsTh
requires extra time and defers our learning with criticaldi

Fig. 11. Outcome assessment. constraints.
The lack of sufficient background knowledge brings a new
insight to our loop development. Our practice for non-CS
, i i , majors who haven't obtained systematic training of compute
after their project practice with that tool, up to 90% of th rogramming provides a pedagogy solution for this complex
students can pass the computer test, achieving our edacapR,qramming education problem in a short time scale. Ratter
goal (as a CS graduate can think in Figures 9 and 10) for sughy, as “Consistent Metaphor’, “Lay of the Land”, and

a condensed training. “Larger than Life” help us to determine the use of real reslear
projects in the introduction to the loop program in clasadiT
F. Known uses Box” helps us to decide the use of the Wii-game like wireless

) o ~equipment, which motivates the students at the beginninlg an
While many computer scientists focus on the quality Gjerifies the outcomes at the end. “Toy Box” and “Fixer Upper”
programming in large-scale and complex systems, the indusfyotivate us to create the “one error to correct” softward, too

requires a more general education of computer programmipg order to help students learn the proposed development
for inexperienced people, in order for them to fulfill centai ;empate.

programming jobs. Recently, more and more universitieg hav
resorted to new training programs (e.g., various minor or
certificate programs) to meet such a market demand. One of I11. CONCLUSION
the NSA certified programs [16] at West Chester University
offers undergraduate students a quick information tedygyl Our goal is to make a condensed training practical for
(IT) training by taking only 6 courses. “CSC115 - Introdwacti inexperienced trainees. As a result, our computer traisira
to Computer Programming” is an entry-level programmings the one for loop development has achieved a good success.
course and is the only prerequisite course for non-computét this paper, we have shown the efficiency and effectiveness
science majors to take our NSA-certified topic courses. Thi$ our education model to organize the learning in and after
course aims to structure a programming basis for the devel@ass through its three phases. The students are motivated t
ment of complex computer application in the succeedingctofollow a disciplined procedure and learn to handle the campl
courses. aspects of a routine. As an abstract module, our approach
Our CSC115 at WCU is a general education course foan satisfy a variety of education purposes. The Computer
all non-Computer-Science majors, with up to 8 sessions edstience Department of WCU has adopted it to attract more
semester, four times the number of sessions of the entnen-CS majors to enroll in CSC115 course and develop their
level programming course that we make available to Computaymputer skills. Similar training has been planned in the th
Science majors. Recently, its curriculum upgrade with aor p interdepartmental and interdisciplinary level, in orderépeat
posed pattern has gained the attention from other depatsmehe success of our CSC115 education.
at WCU and their students. For instance, a joint research haghe specific problem in teaching trainees who have little
been initiated with the Biology department and the Physiesperience is of intrinsic interest because of its economic
department, in order to have more suitable projects for th@inportance and potential market value. It is clear that gane
students’ computer training. education, certificate programs, and minor programs are use
The corresponding education practice has also attraceed ithh many places. These programs vary in language, applicatio
interdisciplinary education collaboration from other sols. and teaching method. However, our search did not yield any
For instance, our training pattern has been adopted incamplete comparison. Based on the discussion above, it is
newly created summer programming training for CS majors @iear that learning programming with our proposed edunatio
Shanghai Jiaotong University to enhance their programmingpdel works better with practice. More importantly, by reap
ability, which has won the ACM International Collegiateing the benefits of using patterns, our approach can evolve to
Programming Contest [1] 3 times in the past 8 years. a better teaching model for computer education.
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