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Abstract. Research into how programs are constructed has shown that an important factor is the programmer's
ability to construct mental models of the system and translate them into a program. In novices, the translation
ability is often reduced. Programming success can be enhanced if the programming language is closer to the
novice's concept of system operation. However, novices are usually advised to start with an imperative
language such as Basic or Pascal regardless of suitability. We are investigating which programming paradigms
are best for novices in the context of multimedia. This paper describes a pilot experiment comparing the
serial/polling style of programming with the parallel/reactive style for multimedia programs. The results
seem to indicate that under certain conditions novices do better with the reactive style.

1 Introduction

Producing a multimedia document is largely a matter of taking existing information (for example texts, pictures,
and sounds) and linking them together into a document making sure that the correct actions are activated at the
correct moment. In other words: creating a multimedia document is a matter of synchronizing different objects
and actions.

For any non-trivial document, or program, many event synchronizations must be coordinated. In order to do
this the programmer needs to:

• have a clear picture of what the program is supposed to do,

• have an understanding of how the program should work to produce the desired result,

• understand how the program fits in its environment.
To understand what the program is supposed to do, how it should work, and the environment in which it should
function, the programmer must form a number of mental models.

In cognitive psychology [1] mental models are often used to explain how we reason about the world around
us. A mental model can be seen as a simulation of an object or an abstract concept. It is used to predict what
consequences different actions will have. For example, consider a thermostat. If we sit in a room with a
temperature that we consider too cold and would like to increase the temperature to 22˚ C as quickly as possible,
should the thermostat be set to 22˚ or the highest possible temperature? Many people answer the highest
possible, but why? Because they have a mental model of the thermostat as a burner control, not a switch.
Therefore, it is a reasonable assumption that setting the thermostat to the highest possible temperature turns the
furnace fire up higher and raises the temperature in shortest possible time. In reality, the furnace produces a
constant amount of heat and the thermostat merely turns it on or off, so any setting higher than 22˚ C results in
the room overshooting the target temperature and wasting fuel. This simple example shows that if we have an
incorrect mental model, then we might take actions that are wrong. This in turn can cause errors of varying
degrees of seriousness.

Now consider programmers. In order to create a system they create a number of mental models. First, they
need one of the task and one of the environment in order to be able to understand what the program should do
and how it should do it. Then, they need a new mental model to describe the program. Later, they need to refine
this model in order to translate it into a computer program. It should also be noted that when modifications to an
existing system are needed, it is necessary for the maintenance programmer to form mental models not only of
the task and the system but also of the existing program. One of the difficulties that novice programmers have is
forming the various mental models, especially that of the computer and the program [2]. The need for an easy
translation between an internal mental representation and an external physical representation becomes especially
pronounced when a group of people are working together on the same program [3].

It is possible to approach the problem of bridging the gap between the mental model and the external
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representation in several ways: by different syntax, by adding a graphic representation [4, 5], or by using another



programming paradigm [6, 7]. The software community has developed numerous programming languages and
programming paradigms in order to bridge this gap. However, for the non-programmer an imperative language
(Basic) has been the recommended language. We also find the imperative paradigm in many authoring environments.
But is the imperative paradigm the best paradigm for non-programmers to use or are there cases when another
paradigm might be better suited for the task?

We question the fundamental assumption that the imperative style is the best for novices. This paper describes
part of our investigation as to whether novice programmers might find concurrent programming closer to their
model of a multimedia system than traditional imperative programming. We describe a pilot experiment with
novice programmers that we performed in order to begin understanding their mental models. Our goal is to
design a multimedia programming system that is closer to their mental models, and hopefully, a system that is
easier for novices to use.

2 Related Work

A lot of work has been done by the computer science community in order to create a programming language for
the masses. Although we can see several good ideas and implementations [7], none has become a de facto
standard language. It can be disputed whether or not a standard language is desirable or even possible. Nor have
we seen a standard programming environment or a standard programming paradigm. But we can find areas
where different programming languages have become big successes [8, 9, 10]. One notable example is spreadsheet
applications which contain a programming language that many can use without spending a lot of time learning it.
In fact, many would probably not admit that they are programming when they are using a spreadsheet — instead
they say that they are just writing a few formulas. The spreadsheet gives them a simple model of a grid in which
to organize their program. Variable naming and typing are done automatically. The spreadsheet model is easy to
learn, taking only a few minutes. It is also incremental. Users only need to learn enough to do their tasks, and
only need to learn new things when they have new tasks.

Several studies [11, 12] have been done in order to find out why various programming languages and
programming systems have been successful. These studies show that the success not only depends on the design
of the language and environment design but also that social patterns are important for success. Despite differences
in expertise and work setting, both spreadsheets [9] and CAD programs [13] seem to have a common pattern of
how information about them is disseminated throughout an organization. This dissemination is highly dependent
on the language and environment used. If the language or environment makes it difficult to share information,
much informal learning and helping will be lost.

The most interesting results of these studies in the case of constructing an authoring environment can be
summarized as follows:

• Appropiate abstraction level: The abstraction level should closely map to the task domain. For example,
instead of writing a standard “for”-loop to sum the values of different cells in a spreadsheet the user only
writes ’=sum(A1..A12)’. This means that the users can work with concepts that are familiar instead of
learning a new way of expressing themselves.

• Modular design: This makes it possible to learn the system on a ”need to know” basis. The users do not have
to learn the complete system in order to be able to use it. It is enough to learn the parts that are needed at the
moment. A modular design also makes it easier to distribute code between co-workers which is important for
end-user systems.

• Quick feedback: This makes it possible for the user to quickly see if different actions had the intended result.
The ”Twinkling Lights” or immediate feedback effect should not be underestimated [9]. An example of such
an effect would be to see how a spreadsheet changes when a user makes a change to some cell.

These, and other, properties make the application useful for the user since they can be productive with the
system in a very short time. For example, a spreadsheet is possible to use just by learning that:

• A cell can hold a formula or a value.

• The result of a formula is displayed in the same cell as the formula.

• A formula has the general form =cellref op cellref ….

• Available operators include +,-,* and /.
In order to make multimedia a widespread tool there is a need for a programming environment that makes it as
easy to create multimedia documents. Today the dominant methods of writing multimedia programs are based
on either a time-line or a flow-graph metaphor [14, 15]. Both methods work well for programs without complex
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user interaction and programs that do not handle asynchronous events. If the program requires either, then it can



be very difficult to write using these metaphors. In order to avoid difficulties in writing asynchronous programs,
other authoring tools such as mTropolis [16] have been developed. These tools use a parallel/reactive paradigm.

Our theory is that programming based on a parallel/reactive style would allow novices to complete multimedia
programs more quickly and with fewer errors than that based on a serial/polling style. By parallel/reactive style
we mean programs composed of modules which process events and cooperate by sending messages. By serial/polling
we mean programs with a loop structure that is responsible for checking if different events have occurred and
handling these by calling different subroutines.

3 Pilot Experiment

In order to investigate if there is a difference between a serial and a parallel language, we designed an experiment
where the participants were asked to make changes to existing programs. These programs were written using
either a serial or a parallel language. The time to solve each problem was recorded, and a comparison between
solutions times was made. In addition to the solution time, the resulting code was inspected with regard to
correctness. The participants were also requested to fill in a questionnaire about themselves, their computer
experience, and their subjective rating of the languages.

In the experiment we used text-based languages closely resembling Pascal. In order to minimize effects due to
language differences, the parallel language differed from the serial in only two ways:

• The introduction of a par begin/par end construct to define what expressions should be executed in parallel.

• The notion of messages and predefined routines to handle them.

3.1 The problems

The experiment consisted of six problems for each participant to solve. The problems had three parts:

• A short textual description of a problem.

• An existing program to be modified in the serial or parallel language. The existing programs were given as
text code together with a graphical representation of the program.

• Instructions on how the participant should modify the program.
The participants were then asked to make the necessary modifications. The first two problems were used as
training examples. They included existing programs and example solutions in both the serial and the parallel
language.

The six problems were divided into two groups of problems. The first group, one example and two real
problems, were of a general nature. The problems in the other group were described as a presentation or
multimedia problem and were defined with help of a timeline.

3.2 The participants

The participants were chosen to have only a basic knowledge of programming. They came from different classes
that had only taken a first course in Pascal. They were students coming from the Civil Engineering, Mechanical
Engineering and Industrial Psychology programs. They were paid a small sum for their participation. Eight were
recruited for the pilot experiment. The participants were also asked to give some information about themselves:

• There were 5 women and 3 men.

• Their ages were between 20 and 28.

• They used a computer almost every day. Three said that they used a computer 1-3 hours per day.

• They used the computer mostly for word processing and Internet related activities.

• Half of them had a computer in their home.

• All of them had experience in an imperative programming language and one of them had some experience in
object oriented programming, functional programming and logic programming as well.

• They had little experience with larger programs. All of them said that they had written programs in the range
of a few hundred lines or less.
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• They rated their programming ability from "Don't know much" to "Know how to write simple programs".



3.3 Experimental setup

All participants did the experiment at the same time. First, they were given an introduction to the experiment and
to the programming languages. The introduction consisted of a short oral presentation and a 9-page written
description. After the introduction, the participants were encouraged to ask questions. The next step was to
present problems 1 and 2 in order to give the participants examples of the problems that they would be solving.
When all participants stated that they had no more questions they were asked to open an envelope which
contained the problems used in the experiment. They were asked to solve the problems in the order they found
them and not to go back to a problem that they had previously solved (except problems 1 and 2 which could be
used for reference). From this point, only general questions were allowed, and the answers were given to all
participants at the same time.

In this preliminary study the participants got one of the following sets of problems:

3 parallel, 4 serial, 5 parallel, 6 serial

3 serial, 4 parallel, 5 serial, 6 parallel
The order in which they solved the problems was randomized.

4 Results

The eight participants took approximately 3 hours to complete the entire experiment. When we examined the
solutions we discovered that several of them were incomplete or even missing. Therefore, we decided to classify
the solutions into three groups:

1 Did not complete the solution or was very far from having a working solution.

2 Could perhaps have made a working solution given time and access to an authoring environment to try the
solution.

3 A complete working solution or close to having one.
The classification into these three groups were made independently by one of the authors and a staff member
from the Computer Science Department. The two classifications were compared, discussed, and a final classification
was made, see Table 1.

1

2

3

4

5

6

7

8

Problem 3 Problem 4 Problem 5 Problem 6

Type Time Group Type Time Group Type Time Group Type Time Group

s 41 2 p 18 1 s 20 1 p 10 3

p 25 3 s 50 2 p 20 3 s 35 1

s 29 2 p 43 2 s 31 1 p 23 3

p 40 2 s 22 1 p 20 3 s 33 1

s 32 1 p 25 1 s 45 3 p 25 3

p 18 1 s 30 1 p 24 3 s 40 1

s 30 1 p 21 1 s 31 2 p 13 3

p 13 1 s 48 1 p 12 3 s 46 1

Table 1. Time and classification by participiant.
Figure 1 shows a chart with the number of correct solutions by language and problem. We can see several

things from this diagram. Participants were largely unsuccessful in solving problems 3 and 4. These had only
text descriptions. Participants were also unsuccessful in solving problems 5 and 6 with the serial language.
However, everyone solved problem 5 or 6 with the parallel language. We believe that the chief reason for this
was the existence of the timeline. The timelines provided an exact description of both the current and the
modified program behaviors. Furthermore, the timelines could be directly translated into the parallel language.
Timeline rows mapped directly into tasks, and dependencies between rows mapped directly into messages. Thus,
the description of the modified program gave a clear mental model of what the program was to do, and the
programming language was a direct translation of that model.

In Figure 2 we have plotted the time it took for the participiants to solve each problem. In this diagram we
have included all solutions from all three groups. When looking at Figure 2 it is important to remember that the
participants were instructed to skip a problem if they spent more than 30 minutes on it. The diagram seems to
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suggest that the participants in general spent less time on a problem when the parallel language was used.
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Fig. 1. The number of successful solutions Fig. 2. Time to complete a problem.

4.4 Subjective ratings of the languages

The participants were asked to rate how difficult the languages were. On a scale from 1 ("very easy") to 5 ("very
difficult") the serial language received a rating of 4 while the parallel language got 2.8. They were also asked to
rate the usefulness of the diagrams in the problems on a scale from 1 ("not useful at all") to 5 ("very important").
The result was 3.2.

It was also interesting to hear comments like ”Hey this [the parallel language] is much easier to use than the
other [the serial language]”. The written comments were all positive about the parallel language although they
could not explain why they felt that it was easier to use.

5 Conclusions and Further Research

Since the pilot experiment used only eight participants it is difficult to make general claims as to which language
to prefer for authoring environments. However, the result seems to suggest that when we can describe the
problem with a timeline or a similar notation the parallel language is to be preferred. In our opinion this effect
comes from the fact that when the problem can be described in this way it is very easy to make a direct
translation of the diagram into code. The timeline could be viewed as a flowchart for direct translation into the
parallel language. This seems to confirm earlier research about mental models. However, we are not certain that
the participants would have been as successful without the timeline for the modified program. This is an area for
further study.

The results with the timeline and parallel language also suggest that the widely held belief that concurrent
programming is too complicated for novices may not be true in all cases. On the contrary, it would seem that
concurrent programming is easier than strict imperative programming if it more closely matches the programming
task.

One also might draw the conclusion that timelines represent a proper end-user representation for multimedia
programming. But, this is not clear. It is not certain that correct timelines could have been produced from text
descriptions of the desired changes. Also, there is the problem of handling continuous streams of data. Timelines
are not well suited for this.

What is clear from this experiment is that when the programming language and a natural diagrammatic
description of the problem are closely related, people have little problem translating from the diagram to a text
representation. This suggests that visual programming languages may not be the solution to end-user programming
requirements as Shu [17] and other proponents claim. Rather the solution seems to be in finding a representation
or group of representations that closely map to the end-user's mental model of the situation. We believe that
continued research into appropriate representations will make programming easier for both end users and
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experts.
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