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Abstract: The DPDwas developed as an infrastructure for educational technology designers to publish,
connect, discuss and review design ideas. The DPD is designed to bridge research and design in a
communicable and systematic manner. It also has the potential of enabling designers to build on the
successes and failures of others rather than reinventing solutions that others have struggled to develop.
This paper illustrates how the DPD can be used: a) as a tool for synthesizing design knowledge, b) as
a methodological support for design-based research, c) as a guide for designing new technologies,
and d) as an infrastructure to support novice educational technology designers.
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THERE ARE TWO general approaches that seek to identify and document the key
ideas that make a good system different from a poor system, and to assist in the
design of future systems. The two approaches are very similar regarding their goals
and strategies, but have yielded different terminology since they have grown from

different research origins: The design-patterns approach stems from the monumental work
on the design-pattern language initiated by Alexander, Ishikawa & Silverstein (1977). The
design-principles approach stems from the design experiments research trajectory, initiated
in the early nineties by Brown (1992), and Collins (1992). The ideas expressed in design
patterns as well as in design principles are intended to be general enough to be applied in
very different contexts, but still specific enough to give constructive guidance.
In the area of curriculum design, and in the spirit of these two approaches, several research-

ers have developed guidelines to translate research findings in the learning sciences into
pragmatic design strategies that can assist curriculum developers (Fortus, Dershimer, Krajcik,
Marx, & Mamlok-Naaman, 2004; Herrington, 2006; Merrill, 2002; Mor & Winters, 2007;
Quintana et al., 2004; Retalis, Georgiakakis, & Dimitriadis, 2006; van den Akker, 1999). In
this paper we describe a unique endeavor, which follows this direction, and expands it into
new trajectories. The Design Principles Database (DPD) (Kali, 2006; Kali & Linn, 2007)
was developed to capture, coalesce and synthesize design knowledge. TheDPD (http://design-
principles.org) is a public mechanism to support researchers and curriculum designers to
share their design knowledge in the form of design principles, exemplified by descriptions
of features from technology-based learning environments. Each feature in the DPD is linked
with a principle and principles are linked between themselves in a hierarchical manner in
three levels of generalization (see figure 1).
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Figure 1: Schematic Representation of the Structure of the DPD (Kali, 2006)

The initial contents of the DPD are based on the knowledge-integration framework, which
captures design knowledge from twenty years of science-education research (Linn, Davis,
& Bell, 2004; Linn & Hsi, 2000). The DPD is open to the public; designers of educational
technologies can publish, connect, discuss and review design ideas, as well as use these ideas
to design new curricula. Since its initiation in 2001, the database has grownwith contributions
from participants in workshops, from course activities, and from the public. The current
entries in the DPD represent the contributions of over seventy individual researchers. The
database includes more than one hundred features (mainly from physical, life, and earth
sciences), connected with several dozen design-principles. Each design-principle provides
a general rationale, theoretical underpinning, and important considerations, such as pitfalls,
tradeoffs and limits of practical use, to help designers benefit from the many example features
it is connected with in the database.
The current paper illustrates how the DPD can be used: a) as a tool for synthesizing design

knowledge, b) as a methodological support for design-based research, c) as a guide for
designing new technologies, and d) as an infrastructure to support novice educational tech-
nology designers.

The DPD as a Tool for Synthesizing Design Knowledge
To illustrate how the DPD can serve as a tool for researchers to synthesize their design
knowledge, we briefly describe a recent study by Kali, Levin-Peled, & Dori (in press). The
authors initially sought common rationales that have guided the design of three successful
hybrid courses in higher education and formulated these rationales as design-principles.
Then, they illustrated how specific features in each course employ these design principles
and explored the effect of these features on 385 students’ learning. Finally, they refined the
design principles based on the findings and contributed the refined design principles to the
DPD for the general use of the public. The design principles they identified as common ra-
tionales for their design were: (a) Engage learners in peer instruction, and (b) Reuse student
artifacts as resource for further learning.
The first design principle calls for creating opportunities for students to serve as instructors

of their peers. Peer-instruction activities can encourage students to deepen their understanding
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of contents, become more attentive to ideas brought up by peers, take responsibility of their
own learning, increase motivation, and enhance metacognitive skills (Topping, 1996). The
second design principle advocates the use of artifacts developed by learners, as resources
for further learning of their peers (Dillenbourg, 2002; Ronen, Kohen-Vacs, & Raz-Fogel,
2006). In this manner, the artifacts, created by individuals, or in groups, can support the
learning of those who struggled to interpret and process a certain body of knowledge, as
well as others, who can benefit from the products of this process (Bransford, Brown, &
Cocking, 1999).
Figure 2 illustrates how these two design principles were realized as features in the three

courses. The outcomes of the Kali et al. (in press) study indicated that features designed ac-
cording to these design principles were highly productive in supporting student learning,
when learning was measured with rubrics developed according to the specific goals of each
course. The authors claim that it is important to continue to formulate and refine existing
design guidelines, and strengthen them by providing evidence of their impact in several
contexts, as described in their study.

The DPD as a Methodological Support for Design-based Research
Another important purpose of the DPD is to augment claimsmade via design-based research.
Successful curricular materials depend on a process of iterative refinement to respond to the
complex system that impacts classroom learning. Design-based research methods suggest
ways to capture this process and describe how research teams gather evidence to make de-
cisions about refinements (Barab & Squire, 2004; Bell, Hoadley, & Linn, 2004; diSessa &
Cobb, 2004; Linn, Bell, & Davis, 2004). However, it is difficult to use the design knowledge
residing in traditional forms of publication for creating new designs. To make this knowledge
more useful, new approaches for its organization and synthesis are needed. Linn et al. (2004)
suggested using design principles as an organizational unit. According to this approach,
design principles that cut across a variety of designs are synthesized and abstracted based
on various design-based research projects. Bell et al. (2004) refer to such design principles
as:

…an intermediate step between scientific findings, which must be generalized and
replicable, and local experiences or examples that come up in practice. Because of the
need to interpret design principles, they are not as readily falsifiable as scientific laws.
The principles are generated inductively from prior examples of success and are subject
to refinement over time as others try to adapt them to their own experiences. In this
sense, they are falsifiable; if they do not yield purchase in the design process, they will
be debated, altered, and eventually dropped. (p. 83)

Thus, the warrants for design principles are provided in this approach by the empirical
studies that explore their application in new designs and contexts and are based on the cumu-
lative design knowledge of the community.
TheDPD can provide an alternative type of warranting for design-based research outcomes,

based on the design principles approach described above. The type of corroboration supported
by the database is based on a community endeavor, in which researchers build on each others’
knowledge of design, articulated as principles for design, to create new designs. They explore
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the application of these principles in new contexts and bring their findings back to the data-
base. In this manner, knowledge about design grows in the community, and the principles
are debated, refined, or warranted with additional, field-based evidence (Kali, 2008).

Figure 2: Application of two Design Principles via Features in Three Courses
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The DPD as a Guide for Designing New Technologies
One more aim of the DPD is to serve the community of educational technology designers
and provide them with guidelines for developing learning environments that build on past
successes and failures. By using the design knowledge synthesized by the community (see
the DPD as a tool for synthesizing research), designers can create innovative learning envir-
onments, and thus continue to develop the field of educational technology. For example, the
moon-phases web-based module (Hans, Kali, & Yair, 2008) was developed using five main
design principles from the DPD. (a) Provide visual representation tools of data collected by
students , (b) Provide knowledge representation and organization tools , (c) Provide dynamic
visual aids for the perception of 3D phenomena , (d) connect to personally relevant contexts
, (e) Build on students’ ideas . The module, built with the Web-based Science Inquiry En-
vironment (Slotta, 2004) consists of five major activities, each containing several steps.
Figure 3 illustrates how the five design principles are employed in the moon-phases module.
Outcomes from a study with about 40 students indicate that specific features developed ac-
cording to the DPD principles, were highly effective in supporting student learning in the
context of the moon-phases.
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Figure 3: Design Principles that Guided the Design of the Moon-Phases Module

TheDPD as an Infrastructure to Support Novice Educational Technology
Designers
Novice educational technology designers are one of themain audiences of the DPD. To enable
novice designers to take full advantage of the DPDwhile they are learning to design education
technologies, Ronen-Fuhrmann and Kali (2008) developed an instructional model and em-
bedded it into the DPD. They enacted successive versions of the instructional model four
times with about 50 graduate students in education who participated in a technology-based
curriculum development course. For each enactment of the course they documented student
learning as outcomes that either confirmed or challenged design decisions they made to im-
prove the instructional model so it would better support student learning. In this manner the
instructional model developed, from a very open-ended endeavor in the first iteration, to a
structured multi-stage model. A summary of the challenging outcomes and the design de-
cisions made to respond to these challenges follows (Figure 4):
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1. To assist students to cope with the open-ended nature of the task it was decided to use
and widen the well known Analyze, Design, Develop, Implement, Evaluate (ADDIE)
model (Dick, Carey, & Carey, 2001).

2. To help students become more aware of design decisions they make it was decided to
use the DPD at various stages of the design process.

3. To enrich students’ intuition when designing their educational technologies, it was de-
cided to embed the instructional model in a course, with two more components: Educa-
tional Technology Analysis, in which students analyzed state of the art educational
technologies, Theory, in which students read and discussed current relevant literature.

4. To help students become more independent educational technology designers, it was
decided to implement a cognitive apprenticeship model, in which the instructors’
guidance gradually fades away (Allan Collins, Brown, & Hollum, 1991)

5. To exploit the valuable resource of having multiple groups struggling to design their
educational technologies, it was decided to add collaborative aspects to the model, such
as online peer feedback and working in teams.

6. To assist students to design a more engaging flow of activities, it was decided to add a
content analysis stage at earlier phases of the project, which would free students from
being constrained by the hierarchy of contents in their projects.

7. To enable students to take advantage of the feedback they got from their peers and in-
structors for the whole project, it was decided to add a second design cycle to the
model.

8. To help students better understand their peer’s design ideas at various stages of the
design process, it was decided to combine face to face dialog with the online feedback.

9. To prevent confusion of having a dual interface, one for the instructional model, and
the other of the DPD, it was decided to embed the instructional model into the DPD.
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Figure 4: Schematic Representation of the Development of the Instructional Model from an
Open-Ended Endeavor, to a Structured Multi-stage Model

The documentation of design challenges, the changes made to respond to these challenges,
and confirming outcomes that were found regarding these changes (Ronen-Fuhrmann &
Kali, 2008), provide an important resource for understanding learning processes of novice
designers as they gain design knowledge, and for supporting this process.

Concluding Remark
In the above sections we illustrated how the DPD can serve for different purposes and
audiences. We encourage the readers of the Design Principles & Practices Journal to take
part in the various activities enabled by the DPD. Participants are welcome to develop their
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own research and design practices as well as contribute from their design knowledge to the
community of educational technology designers and researchers.
Finally, we would like to point to an intriguing research trajectory, which has not received

adequate attention, namely, exploring cross-domain design principles. Herbert Simon (1969)
defined the term “the sciences of the artificial”, which include domains such as architecture,
engineering and computer science. We suggest using design principles as a framework for
synthesizing lessons learned from the various sciences of the artificial. For instance, one of
the most important design principles in the DPD, connected with the highest number of ex-
ample features is “ Reduce visual complexity to help learners recognize salient information
”. This design principle can probably be applied in many other “science of the artificial”
domains. More research is required to study the added value of such cross-domain syntheses.
We believe that the readers of the Design Principles & Practices Journal are just the right
audience to begin exploring this exciting and promising trajectory.
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