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ON-LINE LEARNING TOOL FOR UNDERGRADUATE ELECTRIC
MACHINES AND POWER SYSTEMS COURSE

Abstract

This paper explores both the modules of the developed Electric Machines and Power Systems
(EMPS) software and the assessment results of an investigation of learners’ attitude toward this
media based teaching tool. The investigation is based on a survey completed by fifteen students
enrolled in Electric Machines and Power Systems course at Ohio Northern University. The
students are majoring in Electrical Engineering. The teaching tool is designed to optimize
students’ performance through an instant observation of and among the parameters of
transformers, dc machines, ac machines and transmission line models. The information and data
collected from survey and questionnaires were analyzed and used for the evaluation of attitudes
toward the use of this media based teaching tool. Students have responded favorably to and
expressed their satisfaction with the developed software tool.

Introduction

In recent years and due to the evolving technology and its attendant introduction of new material
into the curriculum, most colleges face a demand to optimize their curriculum and increase the
content of courses. This challenges educators to determine more efficient ways of designing
their courses and presenting the material in order to ensure that students are provided with
information to help them pass along the essential knowledge of their field and acquire computer
skills to be adequately prepared to function as high quality professionals of the future.

Meeting the instructional needs of students to learn the material is the keystone of every effective
program. The tools of educational technology and software hold tremendous potential for
improving both teaching and learning processes. Cohen et al' performed analysis of 74 studies
that compared visual-based instruction with traditional instruction. They found that students
learned more from visual-based instruction than from traditional teaching. It is evident from the
paper by Powell et al® that computer based instruction may be the key to improving the grade
point average of students. Bartsch and Cobern® found that PowerPoint presentation can be
beneficial to students’ learning. Papers*® reported that those who integrate technology in the
learning process believe it will improve learning and better prepare students to effectively
participate in the 21* century workplace. Today, educators are concerned with how to use
technology to enhance and enrich their learning environments rather than asking whether to use
1t.

Multimedia which is defined in paper’ as “the integration of video, audio, graphics and data
within a single computer workstation” and according to Willis'’ multimedia enables the
instructor to custom design and individualize instruction and learner to “plan, execute, and
manage” his or her learning experience at the rate, place, and time of the learner’s choice.
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Folkestad and De Miranda'' have used multimedia through screen-capture to teach students how
to use CAD software. They reported that students were unsatisfied with this instructional tool
due to its fast pace and the need to switch back and forth from the recorded lecture to the CAD
software. In paper'” a new instructional tool was developed and the problems encountered in
reference'! were solved by having a variable pace (slow, medium, fast) which allows the students
to proceed at their desired pace. In this paper, a different approach is used. The approach is
utilizing this developed software which is one that the students can install it on their personal
computers and be able to run it as a standalone program that doesn’t need the assistance of any
other software. This program was developed using C# and Graphical User Interface (GUI) that
provides a user friendly platform for entering all of the data necessary to perform the calculations
and receive the outcomes of those calculations. As a helpful learning tool, this program instantly
shows the effects that changing one input has on every different aspect of the output and also
makes it possible for students to check their homework answers.

This paper is organized through sections. The first section describes the course. The second
section includes some screenshots of the software. The data collection and assessment method is
described in the third section. This is followed by the results of the assessment and finally the
conclusion.

The Course

Electric machines play an important role in industry as well as in our day-to-day life. They are
used in power plants to generate electrical power and in industry to provide mechanical work.
They are an indispensable part of our daily lives. They start our cars and operate many of our
household appliances. An average home in the United States uses a dozen or more electric
motors. The electric machines and the power systems areas have been and will continue to be
amongst the most important fundamental courses of the electrical engineering curriculum.

Recently, I have attended an NSF-sponsored workshop on the teaching of power engineering
courses. The workshop has hosted more than 140 power engineering educators. It was
mentioned that 75% of the electrical engineering programs across the United States require a
combined course in energy conversion (electric machines) and power systems. As a result of the
workshop, it has been recommended that every electrical engineering program should have a
combined course in electric machines and power systems to optimize the curriculum. The
Electrical & Computer Engineering and Computer Science (ECCS) Department at Ohio
Northern University has approved the recommendation and combined two courses the ECCS 335
Energy Conversion and the ECCS 336 Power Systems into one course. The combined course is
called ECCS 338 Electric Machines and Power Systems. The course covers the topics of both
earlier courses. The topics of this new course include the following:

Magnetic circuits

Direct current motors

Three phase circuits

Power transformers

Synchronous generators and motors

ARl
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Induction motors

Per unit and impedance diagrams
Transmission line models

Load flow analysis

0. Optimal dispatch of generation.

20 e

To optimize the time spent in the classroom and based on the above topics, a viable teaching tool
on this subject must be designed to enhance the learning process on every possible front. This
will help both students as well as the instructor of the course.

Software Modules

This software is one that the students can install it on their personal computers and be able to run
it as a standalone program that doesn’t need the assistance of any other software. This program
utilizes C# and Graphical User Interface (GUI) that provides a user friendly platform for entering
all of the data necessary to perform the calculations and instantly receive the outcomes of those
calculations. As a helpful learning tool, this program instantly shows the effects that changing
one input has on every different aspect of the output and also makes it possible for students to
check their homework answers. There are six modules so far that encapsulate most of the
calculations necessary in solving problems in the following topics:

Power transformer characteristics and performance measures
Direct-current motors characteristics and performance measures
Synchronous machines characteristics and performance measures
Induction machine characteristics and performance measures
Three phase circuits

Transmission line models.

SAANE S e

Some of the modules are shown in the following figures and they will be displayed to the
audience using a laptop during the presentation.

a. Power Transformer Characteristics

Example:

A 100-KVA, 400/2000 V single phase transformer has the following parameters:
Rp=0.01Q Rs=0.25Q Xp=0.03Q Xs=0.75Q Gc=22mS Bm=6.TmS

Note that Gc and Bm are given in terms of primary reference. The transformer supplies
a load of 90 KV A at 2000 V and 0.8 power factor lagging. Calculate the primary voltage
and current using the exact equivalent circuit referred to primary side.

After students enter the given values in the problem as shown in the figure, the output which
is the solution of this problem is shown in Figure 1.
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B Transformer Calculations

Reference Model
* Prirmary * Exact iX v 3 31 _caeg
" Secondarny " Approximate Rp 17 Ri=aV, X = ja'X,

Approximate Models
" Shurnt Branch Moved to Prirary

" Shunt Branch Moved to Secondary

" Shunt Branch Neglected

" Shurt Branch and Resistance Meglected

Inputs

2000 < |0 Load Yoltage 0z Turmn Ratio 0o Rp 025 R= 0.0022 Gc
100 K, 08 Paower Factar 0.03 “p 078 e -0.0067 Bm
Calculate Clear Inputs
Outputs
Primary Yoltage [413.02 ¢ 112859 wols Excitation Current [246.8 ¢ |-49.337  Amps “oltage Dirop Primary [7.5876 ¢ |35.3175 valts
Frimary Current 243.08 £ -36.247 Amps Hus. Eddy Current 0.894 £ 0.63424 Amps Waltage Drop Secondarny 1305 ¢ |34 g
Secondany Yoltage (20000 < {0 Yolts Magnetization Current (2,723 ¢ |-89.365  Amps Input Power (81608.915 “wWatts
Secondary Current |50 ¢ |-36.863 Amps Efficiency |38.02 % Output Power (20000 ‘wiatts
ok | Cancel

Figure 1_ Output of Transformer Exact Model Referred to Primary

As shown in figure 1, any given transformer can be reflected to the primary side or to the
secondary side. Also, the student has the choice of analyzing a given transformer based on the
exact model as well as the approximate model. If the approximate model is selected, the student
needs to specify one model from the list of the approximate models. The list consists of the
following approximate models:

Shunt branch moved to primary side.

Shunt branch moved to secondary side.
Shunt branch neglected

Both Shunt branch and resistance neglected.

el NS

The parameters of the given transformer in this module must be inserted as an input values. In
addition, the load voltage, the turn ratio of the transformer, the rated load in KVA and the load
power factor. Problem statements of transformers in most of electric machines textbooks are
similar where all the required input values by the above module are stated in the problem
statement. This makes the developed modules to work smoothly with most of the available
textbooks in the market.
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b. Power Transformer Test

Example:
A single phase 2300/230-V 500 KVA transformer is tested and the following data was
recorded:
Open Circuit Test Short Circuit Test

Voltage (V) 2300 94.5

Current (A) 94 217

Power (W) 2250 8220
Find:

1. The equivalent resistance.

2. The equivalent reactance.

3. The magnetization reactance.
4. The core resistance.

After students enter the given values into the specified cells, the output which is the
solution of this problem (equivalent parameters) is shown in figure 2.

Transformer. Analysis

Open-Circuit Test Parameters

Yoo (2300 Walts

Short-Circuit Test Parameters

Yo [34.5 Yolkg

Isc [217 Amps
Psc |8220 W atks

o R Pl
loz |94 Ampz W,_{'O‘O‘G‘\—O
P o U, —
Poc 2250 Watts + Is' = la +
| V; = an
v, @ G.=1/R. By = /X
I
|

O
Q

Calculate

Results

e [00040E6 ¢ (8402 & - pg [Z35001 Okm - o % 246006 Ohm
Clear Inputs

ar | Cancel |

Figure 2_Transformer Equivalent Parameters
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c. Direct Current Motors

Example
A 50-hp, 230-V, 1300-rpm dc shunt motor has an armature resistance of 0.05 Q. At rated
speed and output, the armature current is 178.5 A and the field resistance is 115 Q.

Calculate:
1. The shunt field current.
2. The counter emf.
3. The power input to the motor.
4. The efficiency of the motor.
5. The developed torque.
6. The output torque.

After students enter the given values, the program will solve and obtain the solution of
this problem as shown in figure 3.

DC Machines

o

BX

|DE Shurt Moo w | Inpuits
Terminal Voltage Output Power [wattz] | 37200
|E|ne Operating Condition— w |
Armature Curent | 1785 Speed [rpm) | 1300
Arrnature Fesistance Brush Yaltage Drap CI
Shunt Field Resistance
‘ Calculate ‘
COutputs
Generated Valtage | 221.075 Shunt Field Copper Loss
Shunt Field Current Bruszh Lozs CI
Line Current | 180.5 Rotational Losses | 2161.8875
Developed Power | 39461.83875 Total Lozses | 4215
Angular Speed | 136.135681E55558 Input Power | 41515
Developed Torgue | 283.871744273213 Efficiency |0.39847043237384
Armature Copper Loz | 15931125 Output Targue | 273,991 355876663

Clear Figlds

Figure 3_ Output of DC Shunt Motor
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d. Synchronous Machines Characteristics

Example:
A 20-MVA, three-phase, Y-connected, 13.8-kV, 4-pole synchronous generator operating
at full load condition and 0.8 power factor lagging. The synchronous reactance is 8  per

phase and the armature resistance is 3 (2. Calculate:

The speed of the generator.
The generated voltage.

The voltage regulation.

The efficiency of the generator.

e

After students enter the given values, the solution will be shown as in figure 4. In this
module, I still have to fix the problem which is the stator current value. It is shown to be
zero while this is not the correct value.

EE Help Suite EEX)
AL Machines. | Powser Flow |
Synchronous Machines E_| nduction Matar
Inputs
Pt ating i2U | P Eastar LD.E ! Synchronous Generator b
Wt line - line E‘ISSDD | Armature Resistance 53 | |Lagging ¥
I —————
Frequency iBD | Synchronous Reactance |8
Mumber of Poles |4 !

| w

Outputs

Per Phase Valtage !__?SB?. 43 +{0.00

Statar Current !D.DD +0.00 |

Reactive Power 12

Masimur Power | 23805018.0000028 |
Generated Volage [7967.44+j000 |

Mamimum Torque |12B289.5428384 |

| e

Power Angle

Yoltage Regulation

[4.83091422153056
| 7.56143763311684

Speed (pm) 1800
Speed [rad/sec) | 188 495559215388

Complex Power | 16.00+ 12,00 Efficiency |0.9939995061 7532
Real Pawer E'IE

Calculate

Clear

Figure 4_Output of Synchronous Machine
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e. Induction Machine Test

Example:

A three-phase. 5-hp, 208-V, four-pole, 60-Hz induction motor is subjected to a no-load
test at 60 Hz, a blocked rotor test at 15 Hz, and a DC test. The following data are
obtained.

No-Load Blocked Rotor DC
Voltage (V) | 208 35 20
Current (A) |4 12 25
Power (W) 250 450

Determine the parameters of this induction motor and the involved electric quantities.

After students enter the given values, the output which is the solution of this problem will
be shown as shown in figure 5.

EE Help Suite

AL Machines | Power Flow|

Spnchronous Machines_g Induction hotor |

E-General-;‘ Mudals.i Test |

Inputs
Mo Load Test Data - = Blocked Rotor Test Data =
ollage | 208 Yoltage |35
Cuarent F!il Current :_1 2
Pawer !2507| Pawer I_4-ED ‘
Other Data Direct Current Test Data
Rotational Losses | | Woltage E_EEI |
Freq. Locked Fotor Test |_1_5_7_| Current !_2_5 ‘
Rated Frequency ,ED—|
Outputs
Stator Resistance |U47| Blocked Rotor Impedance :_1_8_859-35831581
Fotational Losses _2_353—| Elocked Rator Resistance i@%
Mo Load Impedance W: Blacked Ratar Reactance (@ Test Freq. EME
No Load Resistance [5.20833333333333) Biocked Rotor Reactance [5.28237746757157
Mo Load Reactance iZ_S-EBEBIS‘I_S_SB_S_S_ Rotar Resistance Wséﬁséﬁségl
Magretizing Reactance |26.9207961855837 Rotor Rieactance |2.64618373378578

Stator Reactance : 2 B4E18873378578 }

Calculate

Clear

Figure 5_Output of Induction Motor Test
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f. Induction Machine Characteristics

Example:
A three-phase, 25-hp, 440-V, 60-Hz, four-pole, induction motor has the following
impedances referred to the stator in Q/ phase .

R =050 R =035 X, =120 X, =120 X =25

The combined rotational losses amount to 1250 W. For a rotor slip of 2.5% at rated
voltage and rated frequency, find all involved electric quantities in this motor.

After students enter the given values, the program will solve and obtain the solution of
this problem as shown in figure 6.

EE Help Suite

Spnchronous Machines! Induction hotor |

§-General-l Madels ﬁesl ..

Inputs
Rated Output [HF) ,25—| Stator Resistance ’05—| !Dl
Line Voltage |'4107| Stator Reactance |_T_27|
Frequency |807| Rotor Resistance |0357|
MNumber of Poles |47| Fotor Reactance |127|
Slip W Core Resistance !_07|
Rotstional Losses 1260 M agnetization Reactance E
Outputs
Synchronous Speed |18007| Power Factor |U_8ED_81_3_558§82_| Air Gap Power 1;5012?84125&
Actual Speed W Input Power @
Fated Output [\ atts) 1ees0 | Stator Copper Loss [579.954594398352 | Developed Power
Ratar Impedance ,HDD—J Rotor Current W‘
Stator Current m’ Efficiency |0.82472951 138801 |
Calculate ‘ Clear ‘

Figure 6_Output of Induction Machine
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g. Induction Machine General Case

Example:

A 5-hp, 220-V, 4-poles, 50 Hz, Y-connected induction motor has a full-load slip of 4
percent. Find:

The synchronous and the actual speed of the motor.
The rotor frequency.

The slip speed.

The output power of the motor in Watts.

bl

After students enter the given values, the program will solve and obtain the solution of
this problem as shown in figure 7.

EE Help Suite

éyncﬂronousﬁécﬁinesl Induction hotor

General |-M odels || Test .i

Inputs

Fiated Output (HP] |5 Nurnber of Poles |4
Frequency |5-U | Slip |_DZ |
Outputs
Synchronous Speed 1500 Slip RPM |60 |
Actual Speed |—'II4D | Fatar Frequency i2 i

Fated Output [\ atts) |ETBD |

Calculate

Clear

Figure 7_Output of Induction Machine General Case
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h. Three Phase Circuits

Example:

~

V,, =120£10° V is connected to a- A connected balanced load 15.236.87° Q per phase

through a transmission line 0f 0.134.263.4° Q). Calculate the electrical quantities
involved in this system.

When students enter the given values in the problem into the specified cells and choose
the specific connections for the load and for the source as shown and then click
“calculate”, the program will output all the required quantities as shown in figure 8.

i 3-Phase Circuits

Phase Sequence

Source Connection

A balanced abc-sequence Y-connected source with the phase voltage at the source end of

Load Conneckion -

Vaoltage Drops

Walkage Drop Across Each Line Impedance

3140 2 | 25E y

‘Yoltage Drop Across Each Load Impedance

2028 293 ¥

120 <o w| | wab 2078 2|30 oy
120 < |20 v | ke [a7p < [an ¥
120 < [120 w | | wea 2078 < |150

Complesx Power

Complex Power of Line Impedances

2204 % |63.4 WA
9886w o+ | 197 vaR

Complex Power of Combined Load

8238 < |36.5 wa

6591 W o+ 4943 vaR

System Tatal Complax Power
8437 < |37.5 v

6690 W +1|514p WAR

* ab-c "y Loy
" ach " Delta & Delta
Inputs
Frequency: |80 Hz Line Impedance: | 134 < |83.4 Ohms
Fhase Woltage: | 120 = |0 ¥ Lload Impedance: [{5 < [g37 Ohms Desired PE: | 1
= A
[ Zwre |
Zira B Zioad c
Fil)
Ling
Calculake
Source Phase Woltages Source Line Yoltages Phase Currents Line Currents

135 < |-752 4 Tah | 234 < |.37.5 g
135 « [-127. 4 It | 234 < |-157. 4

135 < |112 4 IeC 23,40 <|82.4t a

Piower Fackar

Power Factor Angle of Load

3687 U

Power Fackor of Load

’D_ Leading

Parallel Reactive Element to Correct PR

i 0 Ohms

oK ‘ Cancel

Figure 8_Output of a Three phase Y-Delta connection
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i.

Transmission Lines

Example:

A 60-Hz, three-phase transmission line is 125 miles long. It has a total series impedance
of 35+ j40 Q and a shunt admittance of 930x107°290° S . It delivers 44.4 MVA at
220 kV and 0.9 power factor lagging. Determine

The transmission line parameters.
The sending end voltage.

The sending end current.

The sending end power factor.
The voltage regulation.

The efficiency of the line.

S e e

First, students need to specify the model of this transmission line based on the given
length. In this case the transmission line has a medium length and the medium model is
selected. Second, student need to specify that the given values in the problem correspond
to which end. In this case they are given at the receiving end of the line. Then they need
to insert the given values into the specified cells and choose the power factor if it is
leading or lagging as shown and then click “calculate”, the program will output all the
required quantities as shown in figure 9.

= M(=0E3

|Medium v | Inputs
— Complex Pover: iy (2 a Power Factor of: 0.9
|Hemewng End w | -
Line to Line Voltage | 220000 | < [o | |Lagding b
Line Impedance |144.3 | < 76 |
Line Admittance | 930e-6 | < 30 |
‘ Calculate ‘
Outputs
Line Parameters Sending End Woltage Beceiving End Voltage Yoltage Hegulation
Al | < | | | |« | | | < | | [eeizome3sesies] x
B | | < | | Sending End Current Fieceiving End Current Efficiency
C | | < | | | | < | | | | < | N EAEGEEEE
0 | | < | | Sending End Power Factar Receiving End Power Factor

Figure 9_A medium length transmission line
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Data Collection and Assessment Method

The participants completed a survey and questionnaires based on their attitude toward the use of
the developed software tool.

1. Participants
The pool included fifteen students enrolled in the course at Ohio Northern University. There
were 80% male and 20% female. All participants were junior standing. Students have
classified themselves regarding computer knowledge based on a score ranges from 1 to 10.
There were 40% considered their level of computer knowledge to be 7, 47% higher than 7
and 13% below 7.

2. Measures

The primary assessment goal was to measure the attitude of students toward this teaching
tool. In order to perform this assessment, a survey that consists of 11 questions was
distributed to students at the end of the quarter. The survey sheet is shown in Table 1.

Students were asked to indicate their level of agreement on each statement of the survey
using a five-point Likert scale with higher values indicating greater levels of agreement with
the statement. The scale is defined as1 for strongly disagree, 2 for disagree, 3 for neutral, 4
for agree and 5 for strongly agree. This methodology is often used to ensure that participants
make at least some commitment toward attitude.

3. Results
1. Statistical Results

The data obtained from the students is shown in Table 2. As shown, the average of student’s
computer knowledge came out to be 73%.

As aresult of the survey, the response average of each question is calculated and is shown in
Table 2. The majority of students have indicated that they have enjoyed learning using this
instructional tool (80%). (73%) of students supported the idea of media based instructional
tool. Majority of students felt comfortable with the instructional tool (67%). Majority of
students expressed that they felt relaxed when using this instructional tool (73%). All
students believed that it is very important to know how to use variety of software. 40% of
the students believed that they have concentrated better using this instructional tool while
60% were neutral. 73% of the students believed the instructional tool has accelerated the
learning process and they learned more using this instructional tool compared to textbooks
with same content. Majority of students agreed that they have engaged in the learning
process (80%). Approximately 93% of students believed that the media based instructional
tool has motivated them to work out some more problems related to the material.
Statistically, the results show that students are in favor of using such tool to help them in
understanding the material of the course. The most important point here is that it motivated
them to do more like homework problems and see if they got the answers right.
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Table 1_ Survey Sheet

ECCS 338 ELECTRIC MACHINES AND POWER SYSTEMS

Survey of Students’ Attitude toward EMPS Software

In a1 to 10 scale, I consider my computer knowledge
at

Please circle one answer for each of the following questions:

SD

SA

1
I enjoy learning using media-based instruction

2
I believe that the more teachers use media-based instruction, the
more | will enjoy learning

3
I feel uncomfortable learning material using media-based
instruction in my own time

4
I feel nervous when I know that I need to use technology related
instructional material

5
I believe it is important for me to know how to use variety of
software

6
I concentrate better when a media-based instruction is used

7
Learning the course content is faster using this software
compared to traditional method

8
I can learn more from this software than from traditional
textbook with same content

9
Using this software improved my engagement in the learning
process

10
Using this software motivated me to solve more problems
related to the course
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Table 2 Data of Students Response

Computer
Student Sex Knowledge Q1 | Q2 |[Q3 |[Q4 | Q5 |Q6 |Q7 | Q8 | Q9 | Q10
1 F 8 5 5 2 1 5 4 4 4 4 5
2 F 9 5 5 1 1 5 4 5 5 5 5
3 F 7 4 4 2 2 5 3 4 4 4 5
4 M 8 4 4 2 2 5 3 4 4 5 5
5 M 8 4 5 1 1 5 4 5 5 5 5
6 M 8 5 4 2 1 5 4 5 5 5 5
7 M 8 5 4 2 2 5 3 4 4 5 5
8 M 8 4 4 3 2 5 3 3 3 3 4
9 M 7 3 3 4 3 5 3 3 3 3 4
10 M 7 4 4 2 1 5 4 5 5 4 5
11 M 7 4 4 2 1 5 3 4 4 5 5
12 M 7 4 4 2 2 5 4 4 4 4 4
13 M 7 3 3 4 3 5 3 3 3 4 4
14 M 6 4 3 3 4 5 3 4 4 5 4
15 M 5 3 1 5 4 5 3 1 1 1 3
Average 7.33 41138 |25 |2 5 34 |39 |39 |41 | 453

2. Students Comments

At the back of the survey sheet, students were asked to write comments regarding the
developed software tool. The comments of students included the following:

e In general, it all depends on how the information is presented. I believe a teacher will
be able to teach me better while some stuff would be easier to learn through a media
representation.

e [like being able to see visually what is being done rather than reading where you
don’t see the results as quickly as the media allows.

e This software tool helped clarify a few things, such as the relationships among
parameters.

e This software helped me to do more problems. It is advantageous to learn by doing.

e This program would not only save time but also allow for a better understanding of
the parameters relationship and it really caught me many times with mistakes when I
solved my homework problems. I checked my solution and found the mistakes.

Based on the statistical data and the comments obtained from students, the developed
software tool is proven to be an effective learning tool that has worked for majority of
students. Students were satisfied with the instruction, and the access to the tool.
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Conclusion

The software tool was designed to help students in solving problems related to electric machines
and power systems. The information and data collected from the surveys were analyzed and
used for the assessment and evaluation. Students have responded favorably to and expressed
their satisfaction in the developed tool. I believe that the media based instructional tool offers
some advantages such as it is a completely learner-paced, it can be followed easily, it does not
require a great deal of time or effort and the learner does not have to be at a specific time and
place to use it. In the course, Electric Machines and Power Systems, it is no longer necessary to
devote additional classroom or laboratory time to provide and solve examples; students can do
those on their own time.

Finally, since the role of instruction is not to distribute facts but to grant students with ways to
assemble knowledge, educators must find favored strategies that build students’ confidence and
enhanced course relevance. This can be achieved through the continual investigation of
appropriate ways to introduce new technologies into the classroom.
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