TEACHING SUBROUTINES: ASEARLY ASPOSSIBLE*

Mariana Krushkova, Y ordanka Stoynova, Hristo Krushkov

Abstract. Students on introductory courses in programminggleges often
experience difficulty understanding the basic ppfes of procedural
programming. In this paper we discuss the imporeant early understanding of
the subroutine mechanism. Two approaches for isetfihg — static and dynamic -
are presented and compared. The static approaelppsopriate for written text in
a paper textbook. The dynamic approach is suitatménteractive training using a
computer. An interactive module was developeddaching subroutines.
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1. Introduction

Improving the Bulgarian higher educational standasdone of the strategic
targets of our country as an equal member of theogean family. The
implementation of new scientific methods and modeghnological means in the
process of education is a precondition for achigihis purpose. The teaching of
informatics, one of the core disciplines, makesigmiicant contribution to the
creation of knowledge-based economy. This is wiwgisg departments of Plovdiv
University ,Paisii Hilendarski“ offer courses informatics. However, for various
reasons, the majority of students have difficultiesderstanding the basic
principles of procedural programming taught inaductory courses. This is due to
the need to introduce too many notions at the dame e.g. data representation,
control statements, definition and use of subrastinBearing in mind these
difficulties, many instructors do not introduce d#uats to subroutines. They
postpone this issue because subroutines are hardsier in a short period of time.
Unfortunately, learning subroutines at a later stiegds to a habit of avoiding the
use of subroutines and to an improper programntyig.s

Different approaches and techniques are used fprowing the teaching
process, e.g. problem-oriented approach [4], metlogital approach [13],
integration and synthesis [1], modern informatiecthinologies [10], learner
autonomy [11], investigations on the notion [12].sistem of basic tasks was
developed for teaching event-driven programming3][2,The role of the
visualization of algorithms in support of educatiorinformatics is reported in [6].
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The idea for using intelligent computational methaghd tools for training is
discussed in [7]. An architecture of computer-basgstem providing support for
the whole process of learning and teaching of mfdics is presented in [8]. An
analysis of student views on the methodology usedaise their interest in the
discipline, the attractiveness of the presentederiztand its intelligibility is
described in [9]. The good approach to programmungerical algorithms [5] is to
use subroutines.

A survey was set up in order to identify the bidgeballenges for the
students. Answering the question "What part ofrttserial in programming was
the most difficult to learn and why?", the respamdeandicated 3 main problems:
basic concepts, subroutines and arrays [9]. Anady#he most common mistakes,
students make when they create or call subroutines,made the following
conclusions:

e the mechanism of transfer of parameters remaintaek box for the
students for a long time period;

¢ t0o0 many global variables are used in subroutines;

¢ local variables often appear in the list of forppatameters.

Even though these problems are often discussed thwéhstudents during
lectures and exercises, the need for addition&trsshing over a long time period
is obvious. To that end, in this paper we propage approaches. The static
approach is appropriate for written textipaper textbook. The dynamic approach,
however, is suitable for interactive training uscamputer.

2. A static approach for self-training

The integration of different concepts (scope ofwhgables, the mechanism of
parameters transfer) in an example supports thehitgp process. A set of
examples has been proposed to students in ordestmilate these concepts and
use them properly. One of them is shown below.

Example: What is the result of the following pragré a=2, b=3, c= -1,
d=-2?

program izpit;
var a,b,c,d:integer;
procedure pl(x:integer; var y:integer);
var ainteger;
{The local variable a hides the global variable a}
begin
a:=1;
c:=y-2*a;
X:=y+2*a;
writeln(a:4,b:4,c:4,d:4);
yi=atx;
end;{p1}
begin {Main program}

write('a,b,c,d="); readIn(a,b,c,d);

pl(a,b);

writeln(a:4,b:4,c:4,d:4)

end.
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Explanation: We have 4 global variableg; b, c andd. Four different
cells in the memory are allocated for them. Theallo@riablea, and the
formal parametex have a local scope. The formal paramgtdoes not require a
specific cell. It uses the cell of the actual pagtan after the subroutine call (in this
case - the global variabl®. The table below shows the step by step execuation
the program in the example by considering the \sabfehe variables at each step.
We start from the main program.

Statements Global scope Local
begin {Main program} al b C d |a]| X
write(‘a,b,c,d="); readIn(a,b,c,d); 2 3 -1 -2
pl(a,b); b,y 2
{a—>X, y andb have the same address}
begin
a:=1;{Local variablea } 1
c:=y-2*a; {3-2*1->1} 1
X:=y+2*a; {3+2*1->5} 5
writeln(a:4,b:4,c:4,d:4); 3 1| -2 1
{1 31 -2}
y:=a+x; {1+556} 6
end;{pl}
writeln(a:4,b:4,c:4,d:4) 2 6 1| -2
{261 -2}
end.
Answer:
131-2
261-2

3. Aninteractive self-training module

The dynamic approach is combined with appropriatialization of the
process of subroutine execution. The subroutindvagormal parameters. Unlike
the static approach, the dynamic one allows theestito interactively choose the
kind of every parameter: value or variable. Thisvtsy we created an interactive
module as a new component of a computer-basednsyitsigned to enhance the
whole process of informatics training. This modgknnot be replaced by the
embedded debugger due to the following reasons:

¢ a beginner in programming languages is not keensimg the debugger
along with many other new rules;

¢ the module is easy to use and track the executimeeps;

¢ there is no need to set up watches;
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¢ there is no need to switch between the programavinand input/output
window;

¢ additional information appears for global and logadfiables.

- -
@ Interactive module for teaching subroutines e S

! ) : : Start ‘ Refr ‘

Pause Slow Fast End

Choose the kind of the parameters -

%' Is value parameter 'v' is yalue parameter
'x' Is value parameter 'y' is variable parameter
'x' is variable parameter 'y'is value parameter
‘' is variable parameter  'y'is variable parameter

Program lzpirl;

war abrinteger;

procedure pl| winteger; winteger);
war aintegr;
begin
=27 - ¥
W=y - 2%a;
W=atk;
wiiteln'a="a., ' 'b=" b =t =)
end:Ap1}

Begin {Main program}
wiiteln'a="lreadlnla);

writeln'b="]:readin(b);
pllab):

Whiteln['a="a, ' 'b="h];
End.

Figure 1. Beginning of the interactive module (screenshot)

The dynamic approach has the following advantages:
e many static examples are integrated in one dynarample;
¢ different initial values of the global variableshdae tested;

e the execution can be made step by step at a vapaweg, including
pauses

Some screenshots of the interactive module aresioWwigures 1-3.
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"®' is value parameter "' is variable parameter

%' is value parameter "v¥' is variable parameter

begin

=2

=y - 2¥a;

W=aty;

Wliteln['a:',a., Ry - B R T
end:{pl}
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Figure 3. End of the interactive module (screenshot)
4. Conclusion

Teaching subroutines as early as possible is amriant prerequisite for
obtaining good programming skills. Subroutines hstpdents follow a more
sophisticated programming style. They are an ingmbrpart of the classes in
object-oriented programming. The two approachesgmted in this paper concern
the possibilities for additional self-training ihet process of learning subroutines.
The dynamic approach is the better one and araicttee module for applying this
approach has been developed. Implemented with TDddphi IDE, it runs under
WINDOWS’'97, WINDOWS XP, WINDOWS VISTA and WINDOWS. 7
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