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ABSTRACT. We report the simulation models for enhancing tietacognitive skills.
Mechanical Engineering students of Babylon Ingtititt Iraq are chosen for case
study. The design of model and Impact Test Simuti(ITS) for Metallurgy
subject is addressed. The simulation software deeel using Microsoft Studio
2010 includes tutorials to explain all necessaryedtetical background and
formulas. Step-by-step computerized procedures @amcherical examples are
rendered in a simple user-friendly, visual and iattive environment to enhance
metacognitive skills and students' learning. Befstarting the design process,
objectives and the salient features of simulation@early identified. Subsequently,
real laboratory experiments are conducted for atdileg data and coding them in
computer language. Despite the existence of nursermdule embedded graphical
simulation, the developed software package is ézgddo provide valuable tool for
both students and instructors. Furthermore, the esgmckage in the form of a
bi-product can also be used as a "research toofetber with the application for
engineering education.
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1. Introduction. Modelling and simulation go hand in hand. Definitehodel building is a well-recognised
way towards the understanding of the real worlduyirit is a simplification of some complex struor a
system. Conversely, it may be for prediction, assitite for experiential learning or simply for ertainment.
The major difference between simulation and expemition must be mentioned. In simulation, one
experiments with a model and not with a phenomeifibe. use of simulations represents the natural afay
“learn by doing”. Alike students’ role playing wesei computer simulations to understand intricatéesys,
real situation or dynamic processes. Computer sitimnls allow us to mimic situations or processex th
would be difficult, impossible, dangerous, too lamrgoo expensive to perform in reality [1].

Undoubtedly, the purpose of an educational simutais to motivate the learner to engage in problem
solving, hypothesis testing, experiential learnischeme construction and development of mental lagae

3]. Lately, this new information technology tools is changing tharténg environment in engineering
education from primarily teacher-centric to studesmtric. Unfettered access to web-based or compute
educational materials are highly useful [4].

In order to meet the growing demand for engindavse well-versed with computer tools for problervisg

and metacognitive skills, engineering educators iameasingly incorporating in curricula informatio
technology-based learning tools. Consequently, had®ed multimedia modules, virtual collaborative
environments, virtual laboratories, software fanwsiation and visualization of engineering  phenonane
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etc. [5] are developed he two-fold objective of this ongoing transforneetiis: (i) to improve the quality of
instruction with innovative course materials thatet to the learning styles of present generatiadests,

and (i) to provide students exposure to computeblem solving tools so as to facilitate their sition from
academia to industry [6].

In this research we attempt to design and evalaaienulation model for impact test machine of metgly
lesson for mechanical engineering students of Ifide model is tested, implemented, analysed and the
results are compared and understood.

2. Theoretical Background.In the past, overall education in Iraq has suffdrech severe deterioration due
to the decrease in spending, lack of suppliesaps# of infrastructure and overcrowded schoolssé e
compounded by the continuing prevalence of clabsieaching methods that focus on lectures and
memorization. The stress analysis and deductivies skie spirit of initiative and creativity arel dhiled to
optimally encourage student engagement. Much eiinedtnecessity such as libraries, laboratoriesjeno
teaching techniques, smart-boards, roving labdegtpelectronic library, computers and their acoess to a
considerable percentage of schools and instituttdrisigher education are already rendered. Despiay
efforts since 2003 to develop courses for all Is\afleducation, there is still a need to developsitourses
and provide additional supports to maintain intéomeal standards [7-9].

Metallurgy is considered as one of the most impurtaanches of engineering materials. The emergehce
various metal industries enforced the studentshiegcmore significant for their work. Particularly,
technicians in factories producing various typesengineering materials require knowledge of integta
types of metallic materials. In addition to theitokvledge on physical, thermal, chemical and progethey
must be aware of the conditions for the manufactuprocess [10]. Metallurgy is always considereame

of the hardest lessons taught in the Departmehtemhanics in Iraq because many students fail toesatin
the first attempt [11]. Consequently, Metallurgyi®ven as a difficult subject for many student®][1

The present research aims to find ways that maysfwam the engineering curriculum of Department of
Mechanics in Babylon Technical Institute into siatidn enhanced engineering curricula. It emphasires
the incorporation of simulation based interactiveduies to enhance student learning. The pedagogy of
“learning-by-doing in virtual environments” is bgiemployed in the development of modules. In facg of
the practical and efficient ways engineers cannléarthrough hands-on activities in computer labmias.
The Impact Test module being a part of the Metgiluesson is expected to complement student legrnin
achieved through computer laboratories and conmeaticlassroom instruction. However, our emphasis i
not directed towards distance learning. It is nafoeused for on-campus classes in enhancing taétywf
student learning by embedding computer simulatiocoinventional mode of teaching and learning preegs

3. Impact Test: A standardized high strain-rate test which deteesithe amount of energy absorbed by a
material during fracturelhisis used to define the resistance of a material tdsvaudden applied loads.

Toughness: In materials science and metallurgyghoass is the ability of a material to absorb eperg
and plastically deform without fracturing. Thistlee amount of energy per unit volume that a mdteda
absorb before rupturing. A property that determitltes capacity of a material to resist fracturea¢&r
propagation), when subjected to impact. The machieasures the amount of energy (in Joule) absdibed
the specimen for the rupture unit. The amount adrgy absorbed often indicates the toughness of the
materials and classify them as brittle or ductikgtenials.

Pendulum Impact Test: This is a standardized high strain-rate test which dd@tezs the amount
of energy absorbed by a material during fractunethis test the specimes positioned across the lowest
point in the path of a striker mounted at the ehd pendulum as shown in Figure 1. The strikerjigbeen
initially lifted to an initial specific height ¢) and then released, swings against the specimgmbraaks it.
The striker continues its swing to the otheide of the specimen to a final heighty).(h
Clearly, the difference between the two heightstiplidd by the weight of the striker correspondsttie
amount of energy that is absorbed during fracture.

The purpose of the test being the determinatiothefamount of energy absorbed by a material during
impact/fracture often results,

1. Quantitative (impact energy readings can be usedhi@in toughness and vyield strength
properties of the materials)
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2. Qualitative (fracture face can be analysed to pl®whsight on the ductile/brittle properties of
materials).

4. Methodology

4.1 Objectives of ITS.The identification of goals for the constructionledson is considered as the important
standard to determine their contents, nature, iievand exercises accompanying the methods. &untbre,
the modes of using particular teaching methodsthedgoals for lessons are categorized into gerssral
specific one. General goals primarily focus to emeaEngineering Education and improve the metatiogni
skills in the metallurgy lesson. Conversely, spleg@als intend to administer students having foitay
perspectives:

Students identify when, where and how to use Impast.

Students identify how to tests’ specimen designing.

Students identify the parts and components of grathTest.

Students identify sequence of steps involved indobd est.

Students identify advantages and disadvantageamddt Test

They identify how to safely use machines.

They identify how to measure machine toughnesscty

@~ooo0oy

4.2 Simulation DevelopmentThe simulation process is developed for ITS modekhe metallurgy lesson
as described hereunder.

4.2.1 Simulation Development Proces3he development processes of ITS are illustratdeign1 [13, 14].
The computer language Microsoft Studio 2010 is usedksign and develop the ITS model. An evaluation
the proposed model is carried out to identify thetiengths and weaknesses through pilot test. Apgod
experts with mechanical engineering and teachinthods background are chosen to get their consemsls
confirm the content validity.

| set objectlves &system |

I 1 I 1
I rier drasl, Hrass, 5. 1 1 radify images and 1
1 Steel, & Al Bare stack 1 1 calibration 1
I 1 I 1
I L (. | 1
1 | Wire cutting machine | 1 1 1
I " I Build Simulation and "
1 L 1 1 Model 1
1 | Pollshing I 1 1 l 1
I | 1 I 1
I | Specimen | 1 I Translate into computer 1
I | I language |
1 | 1 I 1
: | Tesl by Madiine I : : l :
I | 1 I Run simulation obtaln 1
1 | Images & HRSHITS Iq__lf_ (N Results 1
1 1 1 1
1 I 1
I I 1

Real System 1 simuladon system

Figure 1 Block diagram for the simulation development processes.

ITS development involves the underlined steps:

1. Identification of general and special goal of thedel.

2. Use of metals group such as Stainless Steel, MddlSSteel, Brass and Aluminium in conducting ribed
test.

3. Manufacturing specimens from these metals by mashiarning and milling, wire cutting and polishing
suitable for the apparatus specified in the re$earc

21



4. Conducting the test on real apparatus. In additidhe registration of the real data and resultindithe
test, capturing pictures of each step, movementr@ading of apparatus are also considered.

5. Modification and calibration of pictures for the aserements are performed with the real equipmeht an
specimen using a set of computer programs such@®$hop and other image processors.

6. Designing a computer program using Microsoft Stigia0 to simulate the model and conversion of data
and images to the software codes. Devising the atenjinterfaces representing the real test steps.

7. Acquiring data from the program alike a real maehithen running the simulation or executing the
program.

The user is responsible for checking the statertreiet or false with the possibility of re-trying several

times, data collection, and storage in specificgdao be audited.

4.2.2 Simulation Characteristics. Stan¢i¢ and Yilmaz have identified the main characteristics of

simulation which are fit for engineering educatifln 15]. The following attributes of simulation are

considered in the entire process of designing tbeain

1- Simulation program offers a series of clear evamthe students allowing them the opportunity to
participate actively in the program.

2- It offers the learner many suitable choices.

3- It helps the students to learn by using the soimages and animation drawing.

4- |t directs the students by using the proper guiddaadhe study depending on their control in tlarng
environment.

5- It provides a large base of information to themeamseful in understanding the subject matter unde
consideration.

6- The simulation program assists the learner to wtded the reality, thought, and emotions.

7- 1t allows the learner to commit mistakes withodtafing the results adversely.

8- It permits the learner to achieve great freedothénlearning process.

9- It proffers a new style to the learner which isyvdifferent from traditional approaches.

10-It grants a chance to the learner to apply sontbeofearned skills.

11-It generally creates appropriate conditions fordeay and skills training with the computer whiale a
very similar for the real world.

4.3 Simulation DesignThe ITS designed by Chang, Heath, Hill, Scheinmanperformed using the
following stages[13, 14, 16]:
A. Design of Screen 1 as depicted in Fig. 2-a is caragrof the following options:
1. ABOUT IMPACT TEST: Review the information relatenlthe Impact Test.
2. ABOUT SIMULATION: Review the information relatingdw can you use the simulation?
3. TEST STEPS: Review the information related of stsp.
4. SIMULATION TEST: Move to the next screen to use giation for Impact Test.
5. EXIT: End of program.
B. Design of Screen 2 as shown in Fig. 2-b includedalowing options:
Aluminium Al: Use Aluminium specimen and next saree
Steel: Use Steel specimen and move to the nexrscre
Brass: Use Brass specimen and move to the nexrscre
S-Steel: Use Stainless Steel specimen and moWwe toetxt screen.
EXIT: End of program.
. Back: Back to the previous screen.
C. Design of Screen 3 as illustrated in Fig. 2-c tooffitains the following choices:
Horizontal Scroll Bar: To latch the hammer (Pendulu
Vertical Scroll Bar: To raise the hammer (Pendulum)
EXIT: End of program.
Back: Back to the previous screen.
Animation Image: To touch friction pointer with hamer pointer
Image: The test specimen
Image: To show specimen place.
Key (Start Test): to show the test video
Video: To show real test video
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10.0ther View: To show real test from other view

11.Image :To explain the amount of absorbed strikingrgy (Joule)

12.Input Text (amount of absorbed energy ):To Inpetabsorbed striking energy value (Joule)
13.Key (Enter): To show value the absorbed energyimpact resistance are true or false
14.Label: To explain the impact resistance equation.

15.Label: To explain the specimen area on fracturéasarin (mm).

16.Label: To explain value of impact resistance.

17.Label: To explain if true or false answer.

4.4 ITS Procedures
1. Inthe screen,Xclick on (SIMULATION TEST (4)) to move to the nestreen to use simulation for
Tensile Test.

2. In the screen Zilick on one of options (Aluminium Al(1), Steel(Brass(3), S-Steel(4)) to choose
material and move to the next screen.

3. In the screen, Jollow the following options:

a. Use horizontal scrollbar (1) to latch the hammeaem@ulum).

b. Use vertical scrollbar (2) to raise the hammer ¢Réum).

c. Wait few times to show automatically touch frictipainter with a hammer pointer (5).

d. Drag and Drop the test specimen (6) from its l@ratd the anvil location.

e. Click on (Start Test (8)) to show the real tesead?9).

f. Click on (Other View (10)) to show real test frotmer view (9).

g. Read Friction pointer (amount of absorbed strilengrgy (Joule) (11)).

h. Input the reading of absorbed striking energy (@pin textbox (12).

i.

Click on (Enter (13)) to show the absorbed energyienpact resistance are true or false.

4.5 Evuation of ITS. The expert's Checklist is employed to evaluate gheulation (ITS) which in turn
increases the validity of the study instrumentanitifying the presence of possible deficienciasnduactual
implementation Tokmak [17] .The checklist has tweelwmain parts:Match with curriculum, accurate and
current, clear and concise language, arouse migtivataintain interest, learner participation, techh
quality, evidence of effectiveness, free from ob@mble bias, user guidance/documentation, clear
directions, stimulates creativity and design ppies. The twelve experts evaluated the selectedatidnal
and mechanical separately. During the evaluatiatgss, each expert defined detailed criteria relket@
each main criterion in Tokmak checklist. Furthereyochecklist responses from experts are combined to
modify the formulation of the formulation of paraghs and contents fitting the general and specific
objectives of the study. The opinions and viewserperts and specialists are considered in modifying
deleting and adding some paragraphs to ITS.

5. Results and DiscussionThis study focused on design and evaluating a dituned simulation (ITS) in the
Mechanical engineering field. To evaluating ITSg fResearchers using Tokmak [17] Educational Softwar
Evaluation Checklist. Expert scores on checklistrevanalysed by Chi-square Test to assess score
compatibility in terms of the degree of consisteany percentage distribution of standards.

Table 1 gives the agreement rates of scores bas#dteaexper's checklist. The general agreementfoata|
simulation model was 97%. For "Match with curriomluAccurate and current, Learner participation,eFre
from objectionable bias, User guidance/documematiStimulates creativity and Design principles”,
participants showed 100% agreement, whereas thegepted 91.6 agreement on "Clear and concise
language, Arouse motivation/maintain interest, Técdl quality, Evidence of effectiveness and Clear
directions". The Chi-square value to checklist geare between (8.33-12), and all items are sigmifiat
0.05
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Table 1: experts agreement rates on ITS

Criteria Agreement | Disagreement Agreement | Chi-Square
rate Value
Match with curriculum. 12 0 100% 12
Accurate and current 12 0 100% 12
Clear and concise language 11 1 92% 8.33
Arouse motivation 11 1 92% 8.33
Learner participation 12 0 100% 12
Technical quality 11 0 92% 8.33
Evidence of effectiveness 11 1 92% 8.33
Free from objectionable bias 12 0 100% 12
User guidance/documentatign 12 0 100% 12
Clear directions 11 1 92% 8.33
Stimulates creativity 12 0 100% 12
Design principles 12 0 100% 12
Total 139 4 97%

6. Conclusion.The influences of Impact Test Machine Simulatiir§} in achieving enhanced metacognitive
skills are inspected. The researcher designedélygg on established approaches are clearly abldentify
striking simulation characteristics. Researcheeseapected to employ the simulation design to etalthe
increased reliability and validity of the study tinsnent in identifying the presence of possibleideficies
during actual implementation [18, 19The simulation is executed to determine the effectess of
metacognitive skills on mechanical engineering stsl of Irag as test sample. Simulation design estgg
that the developed model may serve as a reseascfotdoth students and instructors in metallulegson to
improve their metacognitive skills. Laboratory espeents are carried out, data are collected andpcben
algorithms are developed using Microsoft Studio®@elevant theoretical background and formulasteel

to the ITS are designed via user-friendly approachhe simulation model contains meticulously exedut
steps including the generation of metacognitivisais goals and effective tools that promote allebility
and efficiency in education. It is hoped that theability of students’ in understanding metallukgyson will
improve via the acquisition of metacognitive skilismay also enable learners in controlling theignition,
emotion, and motivation in addition to solve comxgbeoblems in mechanical engineering. The presemeah
simulation is highly instructive for successful pegs of cognition and learning. This simulation! wil
definitely enhance the susceptibility of studentsihderstand and solve multifaceted problems iraliuegy.
Finally, it may be applied to students of technical insti¢uin Iraq to know the influences on the enhanced
metacognitive skills in engineering education.
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Figure 2 (a-f) Schematic diagram displaying the design of screens for ITS.
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