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0 ver the last two decades, we have witnessed a rapid 
decline in the computer price/performance ratio and 
the development of fast, reliable, and user-friendly 

computer packages. These developments have brought com
puters within the reach of organizations and people who were 
once deterred by cost or by complex mathematics and pro
gramming expertise. The ease of use and enhanced capa
bilities of general-purpose software such as Mathcad or 
Matlab have made it possible for engineers with limited 
or no formal training in programming to solve relatively 
complex problems . 

The available computing tools have Jed to large changes in 
the industrial world. In contrast, the typical engineering edu
cator has been slow to incorporate computer-based concepts 
in the curriculum and training methods. This situation has 
been attributed to a number of factors, including the lack of 
computer literacy/inclination among certain staff and the way 
popular textbooks are written .l1-21 

The positive impact of information technology on teach
ing and learning is no longer questionableY·5l Kulik and 
Kulikl41 reported that most studies found that computer-based 
instruction-using technology of the eighties-had positive 
effects on students. In particular, students learned more and 
faster (the average reduction in instructional time in 23 stud
ies was 32%). The students also developed more positive at
titudes and liked classes more when they use computers. 

The main objective of this paper is to present our experi
ence with and students' evaluations of three commercial soft
ware packages that we at the Department of Chemical Engi
neering at the University of Bahrain have been using as teach
ing aids. These packages are the process control training soft
ware Control Station <www.control.station.com>, the pro
cess flowsheeting package HYSYS <www.hyprotech.com>, 
and the general-purpose computational package Mathcad 
<www.mathsoft.com>. 

CONTROL STATION 

Control Station (CS) is a process dynamics and control train
ing simulator that provides access to several simulated pro
cessesJ6·71 The case studies include gravity-drained tanks, a 
pumped tank, a heat exchanger, a jacketed reactor, a furnace, 
a multitank process, and a binary distillation column. The 
software also allows the user to build tailor-made processes 
and single-loop (or 2 x 2) control structures using a transfer 
function block-oriented environment. Linear process models 
and Proportional-Integral-Derivative (PID) controller settings 
can be developed using the design module of the software 
package. The available controllers in version 3.0 of CS in
clude the classical PID and its variants, cascade, feedforward, 
Smith predictor, decoupler, and sampled-data and single-loop 
Dynamic Matrix Control (DMC). 

During the last few semesters, we have used Control Sta
tion as a teaching aid in a number of bachelor and diploma 
courses on process dynamics and control. We use it for both 
assignments and hands-on workshops. As shown later, the 
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feedback from the students on the use of the program was 
very positive. The program made it easier for them to under
stand process control material and concepts in a shorter time 
than traditional lecture-only classes. It also helped the stu
dents relate theory to practice. 

Two workshop examples of how CS can be used to teach 
control concepts are shown in Figures 1 and 2. Figure 1 il
lustrates why the derivative action should not be employed 
for processes having noisy measurements; the addition of the 
derivative action to a PI controller leads to a deterioration 

'jSmgle Loop Jacketed Reactor f!l~EI Figure 1. 
fie BL.l'l la3ks .l:ielp 

QI 

~ 
ii 
> 
~£ 
u a. 
t! E a.. QI 

'CI
!!! 
:, 

is 
QI 
~ 

-~r-:---- . . . . 
I 1/{ I I ,rr, I 

I 
I tJ- ~ I \1,,i.l-' ),.,_,/" t I .ti 
1 I, 1~' r , A I 

\
--J~ ( --i--i --i--i -' , ! J I I I I 

I 1 I I I I 

I I I I I I I 

: l .1•\:! : : : : ; _J •1 -- ' -. ' --• --• --•. 
' ' ' 

.. :- p1-- -:- :PIO-~--~-- ~- -;- -; 
' ' ' ' ' ' ' ' ' 1 · I I I I I I I I I I I 

: : : : : : : : : : :/, . . . . . . . ~ . I . . 
. ~L:~~:~:~f\-i111\11

1
1.~f~-1)11~

1 

'~t!j~ ~l-t j 
, , , , , , J 1 , fjl 1 1! , , I I I I I I I I I 
I I I I I I I I I I 

I I I I I I I I I I I 

• 1---,---i---i---t---r- -r---t---t- 1"--1' 

S 1 J, .J:I a M .._. 5-1 S11 1-7 7~ 

Time (min] 

79:31 Min:Sec PID ( P= DA, l=ARW, D= meas) 

Rflct•nl F toe! 

Coaling 
Jaoktt lnltt 
Ttff'4)("C) 

na.o 
---> 
(Ol1t .. b1nct) 

Jocl.tt 
ll<Jtltl 

Flo,. (Umin)~ 

T•mp{'C]~ 

con1,ou.r 
Output (7.) 

['725 

Sol Point 

j93.0 

AHotor Ex~ Ttmp {'C) j92J 
Convtrsion (7.j ~ 

File Stlllage: OFF 

'jDrshllahon Column f!l~EI 
file fi1.r1 l.nks J:::!elp 

• Ii ? 

I '- I I I I I I I I r 
95.0 

j~ ..... 
~~ '4.0 

u 

- ~ - ii \ I )L _ ~-- ~-r.-~,. .J --- ~--#•~ -
0 ••• wl,.•-~--· .. - r- -h- - - i- - 7--;- - -.- - - r- -1- - -.-
• ! I I I I I I I 

! ~---'-- ~~---•---L--~--~-
1 I I I ' I I I I I I 

9J,I I I I I ~ I I I 

s-E .. 
1-g 

"° 

Bottoms ml open ' ' ' ' '---·-•vr I I I 1_._..-.,., t 

- T- - ~ - - -.- - -:- - - - - ~- - -:- -.-~-~- ~-}--7 - - -;-
I I I I I I p..- I I I I 

I ( I I I I 'f .- 1 I I I I 
. - J. - J.. J =--~:. :0 '- - ~ L - - .J _ _ J. __ , ___ L __ J. _ - _, -
~ I I \1 , T -------. I I I I I 

I I I \ I I I I I I I 

3 .0 

~~ 
15 ~ 2 .5 a,t3 

- T - - ~,, - - :- - - :- - - ~ - . ~ - - ~ - - -:- - - ~ - - ~ - - ·: -
I /1 \_.,.1_.-----,._',I I I I I I I I 

: /: : ~ : : ' ; - _; - : : : 
---~ -_-/~ - - -: - - - ~,- ,:~~ :_- -~ :,i:':_.::-=-=---~='=---~-~~,..-~ 

I I I I -' I I I I I I I 

I 1 I I I I I I I I I 

I I I I I I I I I I I .. I I I I I I I I I 1___..-- --r" -
- l. __ .J - __ , ___ 1- __ L __ .J __ .1 ___ •- __ L,-.:J. _ - J -

.§!i 
~8 "' 

I I I I I 1 I I _ , I I 

I t I I I I I 1.,. • " I I I 
I I I I I I I , I I I I 

I I I I I I &-• - I I I f -T--,---,---r--r--, - •~---,---r--1--,-
, I I I I I / I I I I I 

I I I I I --------.---' I I I I I 

Tine (min] 

Fud Flo11 
{kghninJ 

~ 
(Oislu1banot J 

2111 Min Top: PID(P=RA. l=AR'w',D=off) / Bot:PID(P=DA,l=ARW, D=off] 

Summer2002 

S•tpoint [Z] 

~ 

Controller 
Outpcl (Z] 

157.4 

S.tpolM (7.) 

j""7T 

80t10m1 ~ 
Composldan (Z] · 

File Storage: OFF 

Impact 

of noise 

on 

derivative 

action 

(Control 

Station). 

Figure 2. 

Effect of 

interaction 
on 

SISO 

loops 
(Control 

Station). 

237 



(not an improvement) of the closed-loop response. Also, 
the derivative term leads to unacceptable fast movement 
of the control valve. 

The use of CS significantly contributes to teaching advanced 
control strategies such as feedforward , cascade, and 

decoupling control to undergraduate students. Figure 2 illus
trates the effect of process interaction on the performance of 
conventional controllers in multi-input/multi-output pro
cesses. The distillate composition controller results in good 
closed-loop performance when the bottoms composition con-
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troller is on manual mode. Closing this latter loop leads to a 
deterioration of the performance of the first loop due to the 
"fight" or interaction between the two controllers. The stu
dents are usually asked to check the loops' interaction by cal
culating the relative gain array[81 and to design and test a 
decoupler for the distillation column. 

HYSYS 
HYSYS is a modular commercial process flowsheeting 

program that is widely used by universities and industry (par
ticularly hydrocarbon-related companies). It is capable of do
ing material and energy balances for static and dynamic con
ditions and is a very powerful tool for process simulation. It 
has built-in routines to solve many specialized unit opera
tions. One of the important features of HYSYS is the avail
ability of an "Oil Manager" option dedicated to support re
finery simulations. A comprehensive library of thermody
namic property packages is supplied with HYSYS to enable 
the user to design and solve many types of problems. At the 
Chemical Engineering Department of the University of 
Bahrain, HYSYS is used as an effective teaching tool in a 
number of courses including process analysis (material and 
energy balances), plant design, and the senior projects. 

TABLE 1 
Students' Evaluation Forms 

1. Justification for the use of program in the course 
( I = unjustified; 5 = absolutely Justified) 

2. Contribution to study of the subject by program use 
( I = irrelevant; 5 = very effective) 

3. Ease of achieving the goal ( I = difficult; 5 = easy) 

4. Clarity in the means used to convey knowledge 
( I = confusing; 5 = absolutely clear) 

5. Relationship between the complexity of the concept given and 
the resources supplied ( I = inadequate; 5 = absolutely adequate) 

6. Number of resources (information) simultaneously presented on 
screen ( 1 = excessive; 5 = balanced) 

7. Computer skills required (1 = excessive; 5 = null) 

8. General quality of presentation ( I = poor; 5 = excellent) 

9. Effectiveness of the resources used: graphics, tables, and texts 
( I = ineffective; 5 = very effective) 

I 0. Ease of operation (l = complex; 5 = very easy) 

11. Documentation for user(] = deficient, 5 = excellent) 

12. Clarity of the goal ( I = confusing, 5 = perfectly defined) 

13. Correspondence between program and knowledge conveyed in 
class ( I = absolute disconnection; 5 = highly related) 

14. Amount of specific knowledge required about subject for 
program use ( I = excessive; 5 = reasonable) 

15. Degree of interaction between user and program 
( I = passive schemes; 5 = very interactive) 

16. Time needed for program execution ( I = excessive; 5 = suitable) 

Comment on the reasons for which you felt attracted to or bored 
by the program. 

Summer 2002 

The use of multimedia and software 
packages enhances teaching and learning. 

. .. the students learn more and faster, 
allowing the teacher to cover 

more material ... 

In the process analysis course, students follow a system
atic approach in which they effectively analyze the systems 
and develop comprehensive degree-of-freedom tables to de
termine if a problem is correctly specified and also the order 
of solving the various units. The basic concepts used in modu
lar simulation packages are thoroughly discussed. Among the 
problems associated with modular solution is the presence of 
recycle streams, which necessitate the iterative tear stream 
solution. Determining the number of tear streams, their posi
tions, the convergence techniques, and the order or sequences 
of their converging are basic issues that we clarify. 

Figures 3 and 4 show flow diagrams of simple HYSYS 
case studies that the students were requested to develop. In 
Figure 3, the effect of operating parameters such as tempera
ture, pressure, and composition of inerts on the production 
rate are evaluated for an equilibrium-type ammonia reactor 
(parametric analysis). The variation of ammonia output com
position with the operating pressure is shown in Figure 3. 
The significance of the recycle loop and the selection of the 
suitable convergence acceleration method are emphasized by 
the second case study on a methanol synthesis loop (Figure 
4). Solving this problem also gives students insight into the 
philosophy of the modular flowsheeting programs and the 
nature of the sequential solution strategy. 

MATHCAD 

Mathcad is one of the four most popular computational 
packages used in industry and academia; the other three pro
grams are Matlab, Maple, and Mathematica. Mathcad com
bines some of the best features of spreadsheets (like MS Ex
cel) and symbolic math programs. It provides a good graphi
cal user interface and can be used to efficiently manipulate 
large data arrays, to perform symbolic calculations, and to 
easily construct graphs. One of the useful features ofMathcad 
that is not found in the aforementioned programs is its ability 
to perform calculations with units ; this is indeed an impor
tant feature for engineering students. In a recent survey con
ducted by the discussion group on Computer Applications in 
Chemical Engineering <http://www.che-comp.org/>, 
Mathcad was the preferred computational package for 16.2% 
of participants. The survey included a large number of known 
packages, and the only two programs preferred by more 
people were MS Excel (35 .3%) and Matlab (23.4%). 

As a general programming package, Mathcad is being used 
in the Chemical Engineering Department in several courses 
including process analysis, process modeling and simulation, 
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equipment and plant design and the senior projects. 

STUDENTS' EVALUATIONS 

To measure the usefulness and effectiveness of the consid
ered software packages, students filled out the evaluation form 
shown in Table 1 at the end of the course for which the soft
ware was used. The sixteen questions were selected from the 
list of 24 questions proposed by Iglesias, et al. r9i Eight ques
tions were dropped based on the recommendations of the 
authors and the inability of students to clearly understand 
some of them. Iglesias and co-workers classified the ques
tions in three categories: teaching content and methodology 
(questions 1-5), software and design features (questions 6-
10), and user reaction (questions 11-16). 

The first class attempts to test the usefulness of the educa
tional software in terms of subject content and design fea
tures, as well as the teaching methodology used in the course. 
The second category evaluates mainly the user interface (num
ber of resources presented, quality and effectiveness of graph
ics, tables, animation, etc.) and 

TAB LE2 

5 .-,---_-_-_-_-_-_-_-_-_-_:;------ ---------, 

- Control Station 
(!EE] HYSYS 

4 111!1111111 Mathcad 

CTM PDC UR Overall 

Category 

Figure 5. Overall marks for the three packages. CTM = Con
tent and Teaching Methodology, PCC = Program Design 
Characteristics, and UR = Users' Reaction. 

ease of use of the package. The 
third class tests the user's reac
tion to the program by consider
ing aspects such as documenta
tion for user, degree of interac
tion between user and program, 
and time needed for program ex
ecution. Note that the three cat
egories are not totally indepen
dent and distinct. The question
naire ends by asking students to 
comment on the reasons they 
felt attracted to or bored by the 
program. 

Evalua tion Results for 
Con trol S tation (10 stude nts) TAB LE4 

The students' evaluations for 
the three considered packages are 
shown in Tables 2 to 7. The over
all results are presented in Figure 
5. Control Station and Mathcad 
were, respectively, evaluated by 
the process control and process 
analysis undergraduate classes. 
HYSYS was evaluated by stu-

TAB LE3 

Question Mean Standard Deviation 

1 4.10 0.99 

2 3.70 0 .82 

3 3.20 1.03 

4 3.30 0.95 

5 3.50 0.97 

6 3.90 0.88 

7 3.40 1.07 

8 3.50 0.71 

9 3.90 0.74 

10 3.40 1.17 

11 2.90 1.20 

12 3.10 0 .88 

13 3.90 0.99 

14 3.00 0.47 

15 3.40 0.84 

16 4.10 0.99 

Comment on the reasons for which you felt 
attracted to or bored by the program. 

O verall Marks for Control Statio n 

Category Mean Standard Deviation Category 

Evaluatio n R esults for 
HYSYS (21 stud ents) 

Question Mean Standard Deviation 

3.59 1.33 

2 4.00 1.07 

3 3.50 0.91 

4 3.41 1.14 

5 3.36 1.05 

6 3.59 1.18 

7 3.59 1.05 

8 3.57 1.16 

9 4.27 0.83 

10 3.05 1.05 

II 2.86 1.08 

12 4.18 0 .80 

13 3.82 1.22 

14 3.32 1.09 

15 3.32 0.99 

16 3.09 1.34 

TAB LES 
Overall Marks for HYSYS 

Mean Standard Deviation 

Content and teaching methodology 

Program design characteristics 

Users' reaction 

3.56 

3.62 

3.40 

3.52 

0.97 

0.92 

0.99 

0.96 

Content and teaching methodology 3.57 1.11 

Program design characteristics 3.61 1.11 

Users' reaction 3.43 1.17 

Overall Overall 3.53 1.12 
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dents from process systems engineering courses. As the tables 
and Figure 5 show, the students' evaluations of all three soft
ware packages were highly favorable; the overall marks var
ied within a relatively narrow range (3.52 to 3.74). 

For the case of control station, questions 1 and 13 received 
high marks, indicating a strong correlation between the soft
ware and the knowledge conveyed in the class, and also that 
the use of computer workshops in the course is highly justi
fied. Question 14 received the second lowest mark (3.0). This 
was expected since chemical engineering students do gener
ally feel that their first process control course includes more 
material than an average course and that it is rather difficult. 
This is due to the well-known fact that process control is much 
different from traditional chemical engineering courses and 
that it includes a significant number of new theories and terms. 

For HYSYS , questions 2, 9, and 12 received the highest 
marks, indicating that the students found the software re
sources to be very effective and that the program has signifi
cantly contributed to their study of the courses considered. 
Note that prior to the availability of process flowsheeting 
packages, the students had to manually carry out lengthy de-

TAB LE6 
Evalua tio n Results for 
Mathcad (6 students) 

Question Mean Standard Deviation 

3.50 1.52 

2 3.33 1.5 1 

3 3.33 1.03 

4 3.67 1.21 

s 3.33 0.82 

6 4.50 0.55 

7 3.67 0.52 

8 4.00 1.10 

9 4.00 0.63 

10 4.00 1.10 

11 3.17 1.17 

12 3.50 I.OS 

13 4.17 1.60 

14 4.50 0.84 

IS 3.67 1.37 

16 3.50 I.OS 

TAB LE7 
Overall Marks for Mathcad 

Category Mean Standard Deviation 

Content and teaching methodology 

Program design characteristics 

Users' reaction 

Overall 

Summer 2002 

3.43 

4.03 

3.75 

3.74 

1.17 

0.81 

1.20 

1.10 

sign calculations. The students gave their lower ratings to 
questions 10 (3.05) and 16 (3.09), i.e., they felt that the pro
gram was not very easy to operate and that the time for simu
lating case studies was too long. The speed of execution is, 
of course, dependent on the size of the problem at hand. With 
HYSYS being a commercial flowsheeting package, even 
simple problems include a significant number of details. 

High marks were given to questions related to Mathcad 
design characteristics; the overall mark is 4.03 (see Table 7). 
This is not surprising since the package is truly user-friendly 
and the fact that prior to using Mathcad, the students were 
programming in FORTRAN. For all three programs, the stu
dents evaluated the programs ' documentation as above aver
age (see question 11). Although we feel that the material 
handed out to the students was very good, this issue is cur
rently being addressed by conducting more tutorials on the 
use of the packages, supplying the students with more copies 
of shorter versions of the users' guides, and preparing sim
pler getting-started handouts. 

CONCLUDING REMARKS 

The computer has become an integral part of engineering 
education. As the power of both hardware and software con
tinues to rapidly increase, we expect the use of information 
technology in the classroom/laboratory to grow at a much 
faster rate in the near future. 

The use of multimedia and software packages enhances 
teaching and learning. In particular, the students learn more 
and faster, allowing the teacher to cover more material in the 
time allocated for the course. Of course, the information tech
nology tools have a large number of benefits that are not within 
the scope of this paper. For example, they are invaluable tools 
for web-based education and distance learning and training. 
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