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ABSTRACT

Designs often improve with iteration. Does creating and
receiving feedback on multiple prototypes in parallel —as
opposed to serially — affect outcome, learning, and self-
efficacy? Two experiments manipulated whether partici-
pants designed prototypes and received feedback in parallel
or serial. In the first, participants designed Web advertise-
ments and received descriptive critique on each prototype.
As measured by click-through rate and expert ratings, ads
created in the Parallel condition significantly outperformed
those in the Serial condition. Independent raters found Par-
allel prototypes to be significantly more divergent. Parallel
participants reported a larger increase in task-specific self-
confidence. In post-task interviews, several Serial partici-
pants reported negative reactions to critique; no Parallel
participants reported this. The second study manipulated
Parallel versus Serial for a simple mechanical design task.
This study found no significant performance difference be-
tween conditions. We discuss differences between the tasks
and the implications for understanding when and how par-
allel prototyping is beneficial.
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INTRODUCTION

Iterative prototyping is central to learning and motivation in
design [19,23,32,48,49]. Iteration’s virtue — incremental,
situated feedback—can also blind designers to other alter-
natives, steering them to local, rather than global, optima
[15,33]. To combat this, creating multiple alternatives in
parallel may encourage designers to more effectively dis-
cover unseen constraints and pliable variables [19], enu-
merate more diverse solutions [15], and obtain more
authentic and diverse feedback from potential users [52].
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Figure 1 This research manipulates how participants receive feed-
back during a design process: Serial (top) versus Parallel (bottom).

Even if parallel prototyping has these effects, it necessarily
takes time away from refinement. This paper investigates
the relative merits of parallel and serial prototyping under
time constraints.

Two experiments manipulated whether participants de-
signed prototypes and received feedback in parallel or se-
rial. In both, participants created five prototypes and a final
design within the same overall time period. In the Serial
condition, participants received feedback on one prototype
at a time. Participants in the Parallel/ condition created
three prototypes, received feedback on all three, then made
two more prototypes, and received feedback again (see Fig-
ure 1).

In the first study, 33 participants designed Web banner ad-
vertisements for a magazine. Participants received a de-
scriptive critique on each prototype. Final advertisement
performance was measured through online data analytics
from a MySpace.com ad campaign and expert ratings. A
measure of divergence was obtained through independent
online raters who judged pair-wise similarity between each
of the participants’ six ad designs.
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In the second study, 35 individuals created a mechanical
“egg-drop” vessel from everyday materials, designed to
protect a raw egg from a fall. Participants tested each proto-
type by dropping it. The height at which the egg breaks is
the dependent variable.

Both studies employ tasks with the following properties:
success is objectively measurable, participants need mini-
mal technical or artistic expertise, there are many possible
valid solutions, and the activity can be completed within a
single session. Both studies administered a pre- and post-
test self-efficacy [27,31] and concluded with an open-ended
interview.

In the ad study, Parallel participants outperformed Serial
participants by all performance measures: click-through
rates, time on client site, and client and ad professional rat-
ings. Independent raters found the set of a participant’s pro-
totypes to be more dissimilar in the Parallel condition. In
post-task interviews, several serial participants reported
negative reactions to critique of their prototypes; no Parallel
participants reported this. Parallel participants also saw a
significant gain in self-efficacy scores—a measure of con-
fidence on the specific task; Serial participants did not.

The egg-drop study yielded no performance difference be-
tween the Parallel and Serial condition. The study manipu-
lation did not affect egg-drop participants as it did in ad de-
sign. Test drops are ephemeral making explicit comparison
difficult regardless of condition. Likewise, the first study’s
finding of negative reaction to critique did not pertain to
objective egg drop trials. The differences between the ad
design and egg-drop design tasks shed light on when and
why parallel prototyping affects design outcome.

DESIGN STRATEGIES

In design, problems and solutions co-evolve, constraints are
often negotiable, sub-problems are interconnected, and so-
lutions are “not right or wrong, only better or worse”
[22,29,37,48]. Descriptions of design generally feature ex-
ploration, refinement, and iteration [8,9,19,23]. Some ac-
counts foreground the role of formal models [8,26], others a
trial-and-error approach [15,35,49,53].

Successfully navigating the “wickedness” of design prob-
lems requires balancing concerns [46]. One danger is to re-
fine too early and fail to identify a valuable direction
[12,18]. Designers may “fixate” on initial ideas [24,34],
make poor choices to justify prior investments in money or
time [7], or make only “iterative improvement of the same
design” [52]. Conversely, too much exploration and there
isn’t enough time to execute [10,12]. Without refinement,
ideas may not reach their full potential [12].

Laseau posits an idealized model for exploring and refining,
where designers iteratively diverge and converge on ideas,
eventually narrowing to a best-fit concept [39]. This paper
experimentally investigates this theory by contrasting a
Parallel “explore-then-refine” prototyping strategy with Se-
rial refinement.
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Does Parallel Feedback Promote Learning in Design?
Our intuition says parallel prototyping encourages compari-
son among multiple divergent alternatives. Throughout life,
people learn by interacting and correlating actions with per-
ceivable differences in the world [30,44]. Life experiences
provide a corpus of examples from which to draw compari-
sons in new learning situations [36]. Examples aid in prob-
lem solving [5,50] and provide greatest benefit if people
explicitly extract principles, facilitating more effective ap-
plication [28,51]. Comparison helps people focus on key
relations, aiding the acquisition of underlying principles
and sharpening categorical boundaries [14,17]. Compari-
son’s value provides a rationale for parallel prototyping:
designers more effectively discover key variables and their
interrelations, which produces actionable steps forward.

Hypothesis 1: Parallel prototyping encourages more
dissimilar designs.

Hypothesis 2: Parallel prototyping produces higher
quality designs.

This paper investigates these hypotheses by measuring task
performance, comparing the diversity/similarity of proto-
types, and by coding interview data.

Does Parallel Feedback Affect Motivation and Self-
Efficacy?

Motivation helps designers face the challenges, setbacks,
and uncertainty inherent in prototyping [35,49]. Without
motivation, designers may settle for mediocrity (“it’s good
enough”) [11] or perceive feedback that only confirms their
ideas (i.e., confirmation bias [42]). Motivation and self-
efficacy improve one’s ability to learn, perform towards a
goal, exert agency, persist, and find enjoyment in chal-
lenges [20,25,41,43]. Monetary rewards are one motivator,
but they have been shown less effective on creative tasks
[6,45]. Other research says people engage and perform in
activities to satisfy a desire such as curiosity, autonomy, or
mastery [40,45]. Csikszentmihalyi claims optimal motiva-
tion occurs when an activity strikes the right balance of
challenge and abilities [20]. We propose that parallel proto-
typing—by providing opportunity for comparing feedback
and combining elements — instills intrinsic motivation for
action and progress.

People who believe they can perform well are more likely
to view difficult tasks as something to be mastered rather
than something to be avoided [13]. People with high self-
efficacy respond less negatively to failure, focus on
strengths, and repress weaknesses [21]. In design critique
sessions, or “crits,” self-efficacy mediates how feedback is
interpreted. People can conflate honest criticism as a per-
sonal judgment rather than an assessment of the concept
itself [38]. The studio model of art and design education
tries to minimize these effects by framing critique in terms
of “the work” rather than the person [47]. Furthermore, as
Tohidi et al. showed, the presence of multiple alternative
concepts enables reviewers to be more critical with their
comments [52].
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Parallel feedback on multiple prototypes provides designers
an opportunity to engage in comparison and potentially
avoid discouragement caused by subjective critiques.

Hypothesis 3: Parallel prototyping yields increased
self-efficacy.

Hypothesis 4: Serial prototyping yields increased
frustration.

This research investigates these hypotheses with a task-
specific test of self-efficacy (administered before and after
the task) and by coding interview data.

RESEARCH METHOD

The studies described in this paper manipulate the structure
of the prototyping process. In one study, participants de-
signed Web advertisements; in the other, participants cre-
ated an “egg-drop” device [1]. The studies were designed
and administered concurrently. The tasks were selected to
satisfy the following criteria:

- Quality can be measured objectively and subjectively;

- Subjects need minimal artistic or engineering ability;

- Individuals can complete tasks within a lab session;

- Solutions demonstrate creative diversity and perform at a
range of levels;

- The study procedure could generate fair and authentic
feedback during iteration.

Both studies hold constant the number of prototypes cre-
ated, the amount of feedback provided, and the overall time
allotted. In the Parallel condition, participants create 3 pro-
totypes and get feedback, then 2 more, then a final version.
In the Serial condition, participants create 5 prototypes in
series, receiving feedback after each prototype, then a final.
Study 1: Web Advertisement Design Task

Instrument

Subjects design a 160600 pixel banner ad to be hosted on
the social networking site MySpace.com. Ads were created
using MySpace’s Web-based AdBuilder tool (see Figure 2).
This simple graphic design tool was easy to learn and no
participants had used it before (which prevented giving an
advantage to participants with particular tool skills.)

Text Editor

Ambidextrous
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Figure 2 The ad design study used MySpace’s
AdBuilder, a browser-based graphic design tool
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Prior to the experiment, a team of three advertising and
graphic design professionals developed a list of 50 state-
ments that could serve as critique for any banner ad. The
list included three categories of statements—overall theme,
composition & layout, and surface elements. Each category
contained 12 to 20 statements (see Appendix A). During the
experiment, the experimenters chose three statements—one
from each category—to attach to each ad prototype. Cri-
tique statements were intended to provide high-level direc-
tion, without using explicitly positive or negative language.
Importantly, the feedback was the same in both the condi-
tions; the Parallel condition provided no explicit compari-
sons between multiple ads, such as, “The color in this ad is
better than that one.” Parallel feedback critiqued each ad
independently, matching the stimuli in the Serial condition.

After the experiment all final 33 ad designs were uploaded
to MySpace for a 15-day campaign targeted to users inter-
ested in design-related activities. Design performance was
measured through four dependent variables:

- MySpace reports: daily number of clicks and impressions
(number of appearances on MySpace);

- Google Analytics [2] on the client Web site: number of
clicks, time spent on site, and number of pages visited for
each ad on each day;

- Client ratings (four editors of Ambidextrous [3]);

- Expert ratings (three Bay Area ad professionals).

The four editors of the magazine and three advertising
professionals rated the participants’ ad designs from 0 to 10
along five dimensions: adherence to the client’s theme,
creativity/originality, visual appeal, tastefulness, and
adherence to graphic design principles. Raters were blind to
condition and rated ads individually, with no knowledge of

other raters’ scores.
How similar are these two advertisements?

Workers on Amazon’ S Take into account the text, images, layout,
colors, background, and themes.

Mechanical Turk [4]  (Notall adds will have all attributes.)
rated pair-wise similarity 6 6 6 6 6 6 6
between each of the  wrwaomie vfrysim71]ar
participants’ six ads (see

Figure 3). Workers were

randomly presented a Theforum\L W
pair of ads from a
participant and asked to
judge their similarity on
a scale from 0 to 7 (not
similar to very similar).
This measure generated
14,850 judgments (30
worker assessments on
each of the 15 pair-wise
comparisons  for 33
participants).

ﬁ in design. %

Figure 3 Example pair-wise
ad similarity rating
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Figure 4 Example feedback form
Procedure

The ad task proceeded with the following parts: consent
form, demographics, instructions, practice task, design
brief, prototyping period (10 minutes per prototype), final
design period (15 minutes), questionnaires, and interview.
The design brief detailed the ad campaign’s client, Ambi-
dextrous design magazine [3] and outlined three goals: in-
crease traffic to the Ambidextrous Web site, impress the
editors, and create ads with effective graphic design.

Participants were instructed they would receive feedback
critique from an ad expert on each prototype. As experi-
menters prepared critique forms in a separate room, partici-
pants were allowed to navigate the client Web site, search
for images, or sketch on paper. After five minutes, partici-
pants received an envelope containing the printed ad proto-
type with feedback statements (see Figure 4). For 150 min-
utes of participation, subjects received $30 cash. Experi-
ment proctors only entered the same room as the participant
during the introduction and instructions, and to deliver
feedback envelopes.

Study 2: Mechanical Egg Drop Exercise

Instrument

In the egg drop exercise, participants designed a vessel
from everyday materials to protect a raw egg from a fall.
The following design materials were available: 8 pipe
cleaners, 8 rubber bands, 8 popsicle sticks, one 4"x8" piece
of poster board, one sheet of tissue paper, one 4" x6" piece
of flat foam, and one foot of scotch tape (see Figure 5). Pi-
lot studies showed the
choice of materials to be
diverse enough to elicit
many approaches yet
challenging enough to
produce a wide range of
performances (More ma-
terials result in top per-
formers too high to be
easily tested). Perform-
ance is determined by
dropping a single egg
from a one-foot marker,

Figure 5 Materials for Study 2:
pipe cleaners, wooden sticks,
rubber bands, tissue paper, poster
board, and flat foam.
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then two, then three, and so on until the egg cracks. During
the testing periods, participants could test their prototypes
in an area adjacent to the worktable. For the final official
drop, a member of the research team repeatedly dropped the
vessel to determine the survival height (recorded in feet).
Procedure

Participants first filled out a consent form and demograph-
ics questionnaire. The experimenter verbally described the
exercise and the specific rules for the assigned condition.
All participants were told they would have 60 minutes to
create and test five prototypes (12 minutes per prototype).
They were given a set of construction materials, and were
told they could get replacement materials if necessary. Af-
ter the prototyping period, the researcher cleared the work-
space and provided a fresh set of the original materials (this
time without replacements). Participants were given 12
minutes to build the final design, followed by a 10-minute
questionnaire, a 10-minute interview, and the egg drop test.
The short open-ended interview asked participants to de-
scribe their concept, process, and theories about how the
egg might break. For 120 minutes of participation, subjects
received $25 cash.

Method Common to Both Studies

Questionnaires

Both studies administered pre- and post- design task ques-
tionnaires and interviews. Participants were asked to list out
variables/factors believed to be important in the respective
tasks (e.g., “list all factors that make a good Web ad”), both
before and after the design task. After the design task, par-
ticipants critiqued another ad or egg drop design. They also
filled out the “Creativity Achievement Questionnaire” de-
veloped by Carson et al. to assess creative achievement
across ten domains [16].

A task-specific measure of self-efficacy assessed an indi-
vidual’s belief in their ability to perform the task (adopted
from self-efficacy exams in education [27,31]). The exam
asks participants to rate their ability to: create advertise-
ments [or egg drop vessels], understand design problems,
detect problems in a design idea, and incorporate feedback
into a design idea. The 7-point Likert scale for each ques-
tion provided an overall range between 0 and 24. The same
questions were administered before and after the design
task, creating a difference measure. The change in self-
efficacy score is important as it provides an indication of
how condition (Parallel/Serial) and other factors influenced
an individuals’ belief in their design abilities.

Participants

Participants were recruited locally with fliers and randomly
assigned to one of two conditions. Both studies balanced
for gender and task relevant experience. In the ad design
study (N=33), there were 19 females and 14 males. Four-
teen participants reported some prior experience in ad or
graphic design. In the egg drop study (N=35), there were 19
females and 16 males. 17 had previously taken part in the
egg drop exercise.
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PERFORMANCE RESULTS

The primary independent variable (Parallel versus Serial)
had a significant effect on performance in the ad design
task, but not in the egg drop task.

Advertisements

Online Performance Data

Performance data on each ad was extracted from MySpace
and Google Analytics on the Ambidextrous Web site (see
Table 1). MySpace reports that over the 15-day campaign,
the 33 participant ads received 501 total clicks on 1,180,320
total impressions (i.e., number of ad appearances), giving
an overall average click-through rate of 0.0424% or 424
clicks per million impressions (CPM). The top two click-
through rates were both Parallel ads with 735 and 578
CPM, respectively. The bottom four ads were all from the
Serial condition, with two ads receiving no clicks at all.

It is important to note that, like many advertising hosts,
MySpace varies the number of impressions based on prior
performance of the ad'. MySpace’s algorithms likely im-
prove user experience and revenue, but they complicate the
task of comparing ad campaigns. Parallel ads were shown
more than Serial ads, but click count alone cannot measure
performance since some ads are unfairly advantaged with
click opportunities (impressions). This differential treat-
ment can be explained by the performance of these ads
early on, when the two conditions received an approxi-
mately equal number of impressions. After day five, Paral-
lel ads had 79,800 impressions with 44 clicks and Serial ads
had 79,658 impressions with 26 clicks; at this early stage,
Parallel ads had a significantly higher click-through rate
(X*=4.59, p<.05).

A general linear model analyzed variances in final click-
through rates for each ad. Parallel outperformed Serial
(F(1,30)=4.227, p<.05). Additionally, at marginal signifi-
cance, highly creative individuals outperformed low crea-
tivity (F(1,30)=3.812, p=.06). Incidentally, since the crea-
tivity questionnaire was administered at the end, 11 of the
top 16 creative folks happened to be placed in the Serial
condition. This suggests the relative performance of Paral-
lel ads could have been even stronger if the study had bal-
anced for creativity.

According to Google Analytics on the client Web site, the
site received 422 total visitors during the 15-day campaign,
79 less than the number of clicks reported by MySpace.
One possible explanation for the difference between Google
Analytic visitors and MySpace clicks could be that users
clicked the ad and then hit “back” before the browser

! MySpace does not publish their algorithm for determining the
frequency of impressions, but a repeated measures general linear
model with the Day 5 CTR as a factor and impressions on each
subsequent day as dependent measure shows the CTR for days
1-5 to be a significant predictor of the number of impressions
for the of the final 10 days of the campaign (F(1,29)=23.2 and
p<0.01). MySpace receives payment on each click; intuitively, it
is in their interest to show high-CTR ads more often.
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Parallel Serial
MySpace Data
Total 665,133 515,187
impressions (SE=10992) (SE=8822)
Total clicks 296 (SE=6.7) 205 (SE=4.7)
Total clicks per 0.0445% 0.0398%
impressions
Clicks per million 445.0 397.9
Google Analytics
Total visitors 264 (SE=5.0) 158 (SE=3.7)
Total time (sec) 7510 3283
on client site (SE=236.5) (SE=87.7)
Averz_ig_e time (sec) 284 208
per visitor
Pages visited on site 394 (SE=7.9) 198 (SE=5.1)
Pages visited per visitor 1.49 1.25

Table 1 Summary of campaign data from MySpace and Google
Analytics (standard error provided when available).

loaded the client site. The 264 visitors for Parallel ads and
158 visitors for Serial ads are statistically different when
compared against impressions (X°= 6.61, p<.02). Were Par-
allel ads more effective at appealing to the intended audi-
ence? Normalizing for visitors, the average time-on-site for
Parallel ads (28.4 seconds) was significantly greater than
Serial ads (20.8 seconds) (x*= 9.06, p<.01). The result sug-
gests Parallel ads were more likely to reach people genu-
inely interested in the product offered by the clients.

Effect of Prior Experience on Ad Performance

Participants with prior experience in ad or graphic design
significantly outperformed novices. Ads by participants
with prior experience received 350 clicks on 752,424 im-
pressions, compared to a ratio of 151 clicks on 427,896 im-
pressions by novices (X°= 8.09, p<0.01). There was no in-
teraction effect between condition and participants with ex-
perience. Again looking at the skewed number of impres-
sions: during the first six days when ads by novices and ads
participants with prior experience received approximately
the same number of impressions—100,975 and 106,865 re-
spectively—the “experienced” ads received significantly
more clicks, 56 compared to 35 (x’>= 6.11, p<0.02).

Visitors also spent far more time on the client’s site after
clicking ads by experienced participants (28.9 sec/visitor)
compared to those created by novices (17.8 sec/visitor) (X’=
19.23, p<0.001).

Expert Ratings

The average expert rating across all ads was 23.0 out of 50
(35.6 high and 15.0 low). The three top-rated ads were from
the Parallel condition. A general linear model with repeated
measures analyzed the effects of condition, ad, and rater
type (client or professional) on the overall ratings. There
was a significant difference (F(1,5)=7.948, p=0.037) be-
tween the average expert rating of Parallel ads (u=24.4,
SE=.92) and Serial ads (u=21.7, SE=.83). There were con-
sistent differences among ads across the seven raters
(F(1,5)=12.606, p=0.016) and no significant difference be-
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Figure 6 Example ads: (Left) Parallel ad, 1% in click-through rate,
6" in expert rating; (Middle), Parallel ad, 1%t in expert rating, 4" in
CTR; (Right) Serial ad, 4" in CTR, 32" in expert rating.
tween ratings of clients and ad professionals (F(1,5)=0.389,
p=0.560), providing a check of inter-rater reliability.

Participants with some prior graphic or ad design experi-
ence received significantly higher ratings (25.9) than those
with no prior experience (20.9) (F(1,31)=8.001, p=0.008).
The expert ratings revealed no interaction effect between
condition and participants with prior experience.

Qualitative Analysis

Questionnaires and open-ended interviews examined how
participants explored design possibilities, dealt with feed-
back, and learned about the principles of ad design.

The ads that performed well online generally also received
high ratings by the clients and ad professionals. The ad with
the best overall click-through rate received the 6™ highest
rating by the clients and ad professionals (see Figure 6,
left). Likewise, the highest rated ad achieved the 4™ highest
click-through performance (see Figure 6, middle). The most
successful ads (high performance metrics and high ratings)
tended to be simple, visually balanced, professional, crea-
tive, matched the theme of the magazine and contained
some sort of intriguing hook, such as the “face made of
hands” in the highest click-through performer.

There were anomalies, such as the top two ads in the Serial
condition. These two ads were ranked 25™ and 32™ (out of
33) by the expert raters, but for whatever reason received
the 3™ and 4™ best click-through rates. The latter of those
designs does not even mention the client (see Figure 6,
right).
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Qualitatively, the ads created in Parallel tended to be more
divergent than Serial ads (for an example, see Figure 1).
Mechanical Turk raters provided a quantitative measure of
diversity/similarity. Raters performed pair-wise similarity
comparisons on a scale of 0 to 7 within each participant’s
set of six ads. Serial ads were deemed significantly more
similar than Parallel ads, 3.18 and 2.78 respectively
(F=181.853, p<0.001). The interview data provides addi-
tional insight, as one Serial participant explained, "I think
the feedback helped. I kept repeating the same mistakes, but
maybe less and less each time... the feedback reiterated
that." Another Serial participant said:

I would try to find a good idea, and then use that idea
and keep improving it and getting feedback. So I pretty
much stuck with the same idea.

This notion of feeling “stuck™ or using the feedback to de-
cide where to go next did not surface in the Parallel condi-
tion. As one Parallel participants reported: "I didn’t really
try to copy off of the ads that I did before...I just made new
ideas." Both the divergence measure and the qualitative in-
terviews suggest the parallel structure reduces the occur-
rence of functional fixation [34].

In the open-ended interviews, 13 of 16 Parallel participants
said the feedback was helpful or intuitive compared to 6 of
17 in Serial (x*= 3.02, p<0.1). More notably, 8 of 17 of the
Serial participants reported the feedback as negative, com-
pared to no such reports in the Parallel condition; this is a
significant difference (x*=7.53, p<0.01). As an example, a
participant in the Serial condition said:

I received really negative comments saying [the cli-
ents] are looking for a creative and clever ad, which in
other words is saying that this is stupid or ridiculous.

More frustration emerged more in the Serial condition,
likely because they had no other alternatives on the table.
Where a comment about cleverness may offend Serial par-
ticipants, it provides guidance to Parallel participants; it
tells them “one of my other two ideas is headed the right
direction.” The same statement is interpreted differently
depending on the context.

Did the experimental manipulation affect how participant
view the design process? 11 of 16 Parallel participants said
on future design projects they would create more than one
prototype and obtain copious feedback; only 5 of 17 Serial
participants made similar claims (x’= 2.63, p>0.05). As one
Parallel participant said:

Not spending too much time on any single prototype is
useful because then you don’t go into details too much.

Another Parallel participant stated that making multiple
prototypes was a “great strategy,” but would not implement
it because “it's too much work,” suggesting perhaps motiva-
tional factors may prevent some people from adopting an
effective process.
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Figure 7 In the egg drop-task, craft had a large impact on perform-
ance, often dominating the effect of design choices. For example, the

best vessel (left, 17ft, Parallel) shared many of the same properties

as the worst design (right, Oft, Serial).

Egg Drop Vessels

Performance Metrics
A two-way analysis of variance was performed with condi-
tion (Serial/Parallel) and prior egg drop experience
(prior/no-prior) as factors, and height as dependent variable.
Condition was not a significant factor (F(1,31)=0.11,
p=0.917). Participants in the Parallel condition reached an
average height of 5.4 feet, with those in Serial reaching 5.5
feet. The average height of vessels by participants with
prior experience (6.0 feet) versus novices (4.9 feet) is not
significant (F(1,31)=0.703, p=0.408). There was no interac-
tion effect between condition and prior experience.
Qualitative Analysis

The best egg drop vessel was created in the Parallel condi-
tion and protected an egg from 17 feet; the worst vessel was
created in Serial and failed to protect the egg from a foot.
The most successful egg drop vessels were constructed well
and accounted for several key variables: slowing the fall,
distancing the egg from the first point of impact, handling
the balance after impact, and containing the egg. There
were exceptions, like the top performer, which made no at-
tempt to slow the fall, but had a clever internal cushion de-
sign. The worst design failed because the egg was not se-
cured properly, so it rolled out upon impact. Craft played a
big role in performance, often dwarfing the effects of de-
sign decisions; the best and worst designs, for example,
shared many of the same properties (see Figure 7).

The open-ended interviews revealed a few differences be-
tween the conditions. 9 of 17 Serial participants and 3 of 18
Parallel participants said they tended to elaborate on a sin-
gle idea (x2= 3.36, p<0.1). Similarly, 5 of 17 Serial partici-
pants (compared to none in Parallel) said they could not
think of alternative ways to design an egg drop vessel (x2=
5.29, p<0.05). In the Parallel condition, participants re-
ported they would intentionally test very divergent ideas,
especially within their first three prototypes. As one Parallel
participant stated, “I was just trying to make three that were
very different, and test different components.” Similarly,
another Parallel participant said:

I wanted to make them as different as possible. Maybe
one design is better than the other. I don't know how
the physics works, so I can't calculate which design
will work.

While Parallel participants described a qualitatively more
divergent process, they generally reiterated the exploratory
prototyping process imposed. Notably, the Parallel feed-
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Ad design task Egg-drop task

in 7-pt Likert Score)

_: |

-2

Self-efficacy from pre to post task (Change

Experienced Novice Experienced Novice
@ Parallel 1.50 2.88 0.75 0.90
X Serial 2.50 -0.73 -0.88 3.89

Figure 8 Measure of net gain or loss in self-efficacy scores from be-
fore and after the design tasks. lllustrates the interaction effects be-
tween condition and the participants’ prior experience.

back was not simultaneously comparable since participants
had to drop each egg vessel one at a time. These issues are
discussed further later in the paper.

SELF-EFFICACY RESULTS

Both studies measured how Parallel versus Serial prototyp-
ing process affects self-efficacy (participants’ belief in their
ability to perform the design task). The self-efficacy ques-
tions ask a participant to report their ability to: create adver-
tisements [or egg drop vessels], understand design prob-
lems, detect problems in a design idea, and incorporate
feedback into a design idea. The difference between the pre
and post self-report scores provides an indication of how
participants’ beliefs change. In the ad design task, across all
participants, self-efficacy rose from 10.8 to 12.1 (out of
20); a paired T-tests shows this is significant (t(31)=2.243,
p=0.032). An overall increase in self-efficacy also occurred
in the egg drop study, as scores moved from 13.0 to 14.0
(t(33)=2.321, p=0.027). These increases are consistent with
prior findings that show people’s self-efficacy beliefs in-
crease after practice [13,31].

In both studies, an analysis of variances was performed
with condition (Serial/Parallel) and prior task experience
(Experienced/Novice). In ad design, participants in the Par-
allel condition reported a significant increase in self-
efficacy scores, a net gain of 2.5 points (F(1,28)=4.210,
p=0.049), while the Serial condition essentially remained
even. However, in egg drop design, condition had no over-
all effect on the net change in self-efficacy scores
(F(1,30)=0.119, p=0.733). These results align with the dif-
ferent performance findings of the two studies.

Participants with prior ad design experienced reported a
similar gain in self-efficacy as novices (F(1,28)=0.075,
p=0.787). In egg-drop design, however, novices reported a
net increase in self-efficacy scores (1.9), while those with
prior egg drop exposure stayed even (F(1,30)=4.562,
p=0.041). Both studies revealed an interaction effect be-
tween condition and prior experience (see Figure 8). Nov-
ices in ad design reported a 2.9 increase in self-efficacy in
Parallel, but a slight decrease when in Serial (-0.73)
(F(1,28)=6.331, p=0.018). In egg drop design, the opposite
interaction effect occurred. Novices reported a 3.9 increase
in self-efficacy in Serial, but only a slight increase in Paral-
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lel (0.9) (F(1,30)=4.259, p=0.049). In lay terms, Parallel
prototyping had an overall effect on an individual’s belief
in their ad design ability; this was especially true for nov-
ices. First-time egg-drop participants gained the most self-
efficacy when placed in the Serial prototyping condition.
DISCUSSION

In the ad design study, the manipulation of Serial vs. Paral-
lel led to creations with better performance by every meas-
ure: higher subjective ratings, more impressions served up
by MySpace, better click-through rates, more visitors to the
client Web site, and more site interaction per visitor. Par-
ticipants created the same number of prototypes and re-
ceived the same amount of feedback during an equivalent
time period.

Why did the process manipulation impact how participants
performed? Design performance improves through an as-
tute discovery of contextual constraints, malleable vari-
ables, and their interrelations. There are millions of ways to
combine text, images, and backgrounds in a 160x600 pixel
ad design. The study showed Parallel participants created
significantly more divergent prototypes and began to under-
stand how the moving pieces relate. Parallel feedback insti-
gates inductive reasoning on a set of rival observations and
leads to principled choices for subsequent prototypes. In
Serial prototyping, participants created similar designs, as
ideas tended to follow directly from the feedback (“this
piece is wrong; now fix it.”). This incremental approach
may implicitly encourage designers to hone in on certain
variables, while others remain hidden.

A motivational account says ad design performance de-
grades because Serial participants perceive the expert feed-
back more critically. The ad study showed Serial partici-
pants reported more frustration about the expert feedback.
Parallel participants experienced no frustration because
they have alternatives to assuage any emotional reaction to
criticism. Serial participants could spend their time sensibly
analyzing the design space, but instead they are discouraged
and lose confidence. As the study demonstrated, Parallel
participants gained self-efficacy for the ad design task,
while the Serial participants reported no change. As another
data point, participants were asked to leave their email if
they wanted to volunteer later on for Ambidextrous maga-
zine. Twelve out of sixteen Parallel participants provided
their email, while only five of seventeen did the same in
Serial (x*= 3.32, p>0.1), which suggests the Parallel process
helped motivate future action.

Both the cognitive and motivational accounts likely con-
tribute to the overall performance differences, but future
work is required to tease apart the relative effects. It raises
a question about the causal relationship: did self-efficacy
increase because participants perceived improvement, or
did performance increase because participants gained self-
efficacy through the process? It’s probably both.

Why did the Parallel approach affect the outcome for the
ad design task, but not for the egg drop? There are several
potential explanations. First, with egg drop vessels, partici-
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pants receive objective feedback—how the vessel falls and
whether the egg breaks—closely linking the interim metric
to the ultimate metric. In ad design, participants receive ex-
pert critique on multiple variables (e.g., theme, layout,
readability...) that are loosely tied to the final performance
metrics (e.g., click-through data, client ratings). Ad design
critique requires a greater degree of interpretation, which
can be misconstrued.

Second, due ephemeral nature of egg-drop trials, Parallel
participants cannot directly contrast feedback side-by-side.
They can only perceive one test drop at a time, making it
difficult to compare the relative efficacy of specific fea-
tures. In the ad study, Parallel participant had time to study
and compare the feedback and then draw conclusions on
where to go.

Third, the egg-drop task seemed more sensitive to small
variations in implementation, placing a premium on craft.
For example, a loose piece of tape can destroy performance.
More than half of the egg-drop participants actually
achieved a better performance on a prototype, not the final
design (18 of 35). In ad design, minor implementation
flaws—such as slightly misaligned text—Ilikely do not sig-
nificantly impact outcome.

The differences between the ad design and egg-drop design
tasks shed light on when and why parallel prototyping af-
fects design outcome. The independent variable did not af-
fect egg-drop participants as it did in ad design. The egg-
drop feedback did not explicitly support comparison in Par-
allel, nor did it discourage Serial participants the way it did
in ad design.

What are the tradeoffs of using advertisement design as an
experimental paradigm? Other digital tasks were consid-
ered for this design study, such as Web site design and pro-
gramming tasks. Ad design provides a useful experimental
paradigm because it is brief enough to enable iterative crea-
tion and feedback within a single lab session. It also has a
rich objective and subjective performance metrics. How-
ever, several issues did emerge. The click-through data are
difficult to analyze statistically because the number of im-
pressions change based on the prior performance of the ad.
A more straightforward setup would be to hold the number
of campaign impressions constant across ads, allowing sta-
tistical analysis on the number of clicks. The analysis could
be further enriched with more information about who
clicked on the ads, how many ads users viewed prior to
clicking an ad, and how many of the total clicks were re-
peat-clicks from the same user.

The expert feedback system developed for this study has
not been validated. While evidence shows Parallel partici-
pants outperformed Serial, it does not demonstrate the
feedback actually produced overall better ads than no feed-
back at all. For the sake of this experiment, however, it
does not matter if the ad feedback is intrinsically good or
bad; the relative performances demonstrated the effect of
the process manipulation.
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CONCLUSIONS

This paper investigated the relative effects of parallel and
serial prototyping on design performance, learning, and
self-efficacy. In a Web advertisement design task, partici-
pants in the Parallel condition outperformed Serial partici-
pants and reported a significantly higher increase in self-
efficacy. Parallel participants created significantly more di-
vergent prototypes and directly compared expert critiques,
allowing for a broader exploration of key variables and
their interrelations. Notably, Serial participants received
critique on each ad design sequentially, which tended to
elicit negative reactions. In a mechanical egg-drop design
task, the Parallel versus Serial manipulation had no effect
on either performance or self-efficacy. The main benefits of
parallel prototyping are diluted by the objective and
ephemeral nature of the feedback. Future work will focus
on unpacking the relative learning and motivational effects
of parallel prototyping.
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APPENDIX A: Expert Critique Statements
1. Overall/ Thematic

Ambidextrous seeks an ad with a single clear message that
matches the theme of their journal.

Ambidextrous wants an ad that clarifies the product: a journal
about design and design process.

Ambidextrous desires an ad that is simple, readable, consis-
tent, and deliberate.

Ambidextrous does not want the ad to sound exclusive; they
are open to anyone with interest.

Ambidextrous is looking for a creative and clever ad.
Ambidextrous is looking for a professional and tasteful ad.
Ambidextrous wants an exciting and visually appealing ad.
Ambidextrous wants an ad that matches the journal’s style.

Ambidextrous wants an ad that reaches out to design practi-
tioners, students, and researchers.

Use graphics/images that support the overall message. What
message are you trying to convey?

Use colors/fonts that support the overall message. What mes-
sage are you trying to convey?
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Remember that the ad is a link; the URL does not necessarily
have to be on the ad design.

2. Composition & Layout
Visual Flow and Balance

Try to create a balanced layout where the graphics don't tilt to
one side or the other.

Try to create a visual flow for the viewer—what should the
viewer see first?

Think about the proximity of different elements. How close to-
gether or far apart elements are placed suggests a relation-
ship (or lack thereof) between otherwise disparate parts.

To help balance the ad, leave slightly more space at the bot-
tom relative to the top of the ad.

Contrast the position of elements to draw the viewer’s attention
to the most important parts.

To create consistency for the viewer, create a consistent and
balanced look using repetition.

Spacing and Alignment

Align text and graphics to create more interesting, dynamic,
and appropriate layouts.

Use alignment to create a clean and organized look.

It's ok to break alignment only to draw the viewer’s attention to
important elements in the ad.

Use white around text and images to help frame the content.

Use space—the absence of text and graphics—to provide vis-
ual breathing room for the eye.

Try to balance the spacing around the border of the ad design.
These visual elements in the ad don’t line up.

Consider playing around with different ways to justify the text
(e.g., center, left, or right-justified).

Emphasis & Hierarchy

Be conscious of competing elements in the ad. Think about
what should have emphasis.

Draw the viewer's attention to elements by contrasting size
(scale).

Think about the visual hierarchy of the different elements (texts,
images, colors, etc) of the ad. What is the most important?

Help the viewer recognize, identify and comprehend the most
important information in the ad.

Use elements with visual intensity or color for emphasis.

3. Fonts, Colors, Images
Font Type

Try not to distort the font so that it becomes hard to read.

Use large, bold font/graphics to create focus or emphasis on
the ad design.

If using text over an image, make the text bigger and darker
than normal; make sure it is readable.

For text to stand out it has to be substantially different than
other text.

Try not to mix serif and sans serif fonts.
Avoid using two different fonts that are too similar.

Try not to over emphasize text elements. (ex. a font does not
need to be large, bold, and italic).

Images

Use large, bold graphics to create the focus of the ad design.
Consider using images for more visual impact.

Consider using fewer images.

Try not to over-rotate images, as it often distorts the content.

Color

Use color to create emphasis, to separate different elements,
or to categorize content.

Avoid really light, bright colors.

Avoid colors together that look too similar (ex. brown & grey).
Try to use different colors that go well together.

Avoid complicated backgrounds.

Try to create a good visual separation between the text and
the background
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