














Teaching Design Process with Digital Sketching

Figure 2 Macro-steps in original example

321 Similarity Rating with Macro-step Presence and Order

After coding each drawing into a sequence of steps and generating the
corresponding colour bars, we identified macro-steps, or larger organizational
patterns of the basic steps.

1. SITE-PROGRAM lines alternately describe the site and program. They may
contain traces of planning and gridlines.

2. PLANNING-ARTICULATION lines alternately describe building planning
element articulation. They may contain traces of planning and presentation.

3. ARTICULATION-PRESENTATION lines alternately describe element
articulation and presentation annotation. They may contain traces of planning.

Figure 3 Macro-steps in student copy
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We developed a six-point system to rate drawings according to how similar they
were to the parent drawing. Each drawing could earn 3 points for presence of the
macro steps and 3 points for order. Each subject drawing was given a point for the
presence of each macro-step pattern, no matter where or how many times it occurs
in the drawing. Also, each drawing was given points for order if a step occurred in
the right sequence in the drawing process. For example, the expert drawing shows
all three macro-steps in order so it gets 3 points for the presence of each step and 3
points for having all the steps in the correct order, yielding a perfect score of 6.

Below, Figure 4 summarizes how the macro-steps recur in the Paper group and the
Animation group.
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Figure 4 Macro-step scoring — given example patterns on left 4
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4 ANALYSIS

From our step sequencing survey, it remains unclear whether an animated or
storyboard example increased students’ ability to identify and recall a sequence of
drawing steps. From our colour bar similarity analysis, we can see that students can
better incorporate a series of steps from an animation than from a storyboard into
their own drawing process.

4.1 Step-Sequencing Survey Results

While the post-test shows better performance by the Animation group than the Paper
group, the difference is not conclusive. The pre-test shows the Animation group had
a pre-disposition to seeing the right answers, so it is unclear whether the
representation type (animation vs. paper storyboard) made a difference. In
considering pre-test versus post-test answers, the Animation group improved 0.6
(from 1.5 to .9), while the Paper group improved more: 1.0 (from 2.8 to 1.8).

4.2 Design Sequence Colour Bar Analysis

Our colour bar analysis shows a distinction between Animation and Paper groups;
the Animation group imitated the step sequence of the expert drawing more
accurately than the Paper group. Scoring each drawing according to presence and
order of the Macro-steps, we found the average score for the Animation group was
1.8 out of a possible 3 points for presence of macro steps, 1.8 out of a possible three
points for order of macro-steps, and 3.6 points total. The average score for the Paper
group was 1.4 for presence, 1.2 for order, and 2.6 points total.

These data indicate that the difference between the total scores for animated and
storyboard drawings is 1.0 point. Given that scores ranged from 0 to 6.0 for a six
point maximum range, the 1.0 difference in average score indicates a noticeable
separation between the results of the animated and storyboard drawings. The
difference in scores indicates that students who viewed animated versions of the
expert example were more likely to accurately reproduce the steps of that process.

4.3 Quality Criteria

While quality characteristics generally showed parity between the two groups.
specific characteristics reveal that the Animation group stuck to the example more
closely.

MULTIPLE SOLUTIONS: The original expert example did not show alternative
thumbnail layouts because the office layout problem’s simplicity allowed drawing
alternate arrangements on top of the existing plan footprint. 39% of the Animation
group versus 70% of the Paper group varied from the expert example by creating
alternative layout solutions. In this respect, those in the Animation group followed
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the example more closely. The subjects seeing the paper storyboard took more
freedom to do things independently and may have been less engaged by the
example.

Need for mezzanine: Both the original office planning problem and the rock-gym
planning problem required fitting program spaces into a given existing building. But
whereas the given office design example fit all the spaces onto one floor, program
spaces for the rock-gym program would not fit on the footprint and required an
additional building level or mezzanine. 84% of Animation group versus 61% of the
Paper group correctly created mezzanines for the extra program area. We surmise
that those looking at the paper example had to spend more time interpreting the
information in the example and had less time to reason about their own design
solution. Recording how long each subject examined the expert example could
reveal the amount of engagement.

Program area accuracy: While subjects generally included all of the program areas
and got the program adjacencies correct, they commonly distorted program area
sizes to follow the expert example’s strong orthogonal zoning. Beginners often drew
spaces too small, trying to squeeze them into a rigid order, rather than modifying the
diagram or adjusting dimensions. More of the Animation group (78%) was able to
roughly match the required program areas than the Paper group (54%). We again
surmise that the clarity of the animation allowed the subjects to be more task-
focused.

In short, while the Animation group shows better design performance than the Paper
group in specific categories, the difference is not conclusive. More importantly, we
see no correlation between quality scores and design sequence colour bar pattern
matching. So while an animation can help students follow a pattern of design steps,
it does not guarantee the quality of results. An animation provides an engaging way
to look at a drawing, but it requires the viewer to make judgments about how to
separate a continuous process into cognitive chunks. By contrast, a storyboard
provides an interpreted guide, encapsulating key moments of the process in a way
that can help beginners. Annotating animations with highlighting marks, text or
narration could provide both interactivity and interpretation.

5 CONCLUSIONS

So far, we have used the digital pen to 1) begin a substantial archive of design and
drawing processes, 2) develop a methodology to investigate the perception of
animated versus still drawings and 3) observe subtle aspects of design and drawing
that may lead to better results. Our project showed that students who view an
interactive animation of a given drawing example are slightly better able to imitate
the sequence of operations than students who view a static storyboard version. By
colour coding design operations, we could track patterns of design operations. For a
more complete story of each design process, we could refer to the animated drawing
record.



Teaching Design Process with Digital Sketching

While our research is not complete, we have already shown that the digital pen has
great potential in researching and teaching design processes. Animated drawings can
be used to teach any graphic processes involving a prescribed series of steps. They
allow teachers to show how initial steps lead to final results in visual thinking.
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