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The Interface Design and the Usability Testing of a
Fossilization Web-Based Learning Environment
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This article describes practical issues related to the design and the development of a Web-
Based Learning Environment (Web-LE) for high school students. The purpose of the Fos-
silization Web-LE was to help students understand the process of fossilization, which is a
complex phenomenon and is affected by many factors. The instructional design team faced
the challenge of designing an environment that could enable its users to construct knowledge
actively by manipulating the various variables of organisms, ecological systems, and physical
burials. An effective user interface is essential to the enabling of students who try to explore
knowledge presented in the learning environment and who, in monitoring their own learn-
ing progress, hope to avoid overwhelmingly complicated content. The analyses of both the
interaction of learning activities and the design of system functions are discussed. In addi-
tion, a usability test was conducted so that the effectiveness of the interface design could be
examined. The findings reveal that target users are satisfied with the usability of the Fossiliza-
tion Web-LE and consider use of the user interface to be easy. At the end, several practical
applications in the design of instructional software’s user interface are suggested.

KEY WORDS: interface design; earth science; Web-based learning environment; learning with technol-
ogy; 3D-representation.

Without a doubt, the design of user interface is
one of the most critical components in the develop-
ment of a software product. In the last few decades,
a considerable number of studies have been made on
how user interface design affects users’ ability to pro-
cess information on a computer system. For exam-
ple, a good interface design can help engage users
(Metros and Hedberg, 2002) and reduce their cog-
nitive load (Jones et al., 1995; Martin-Michiellot and
Mendelsohn, 2000; Sweller and Chandler, 1994). This
article centers on the application of user interface de-
sign principles to the design and the development of a
Web-Based Learning Environment (Web-LE) inter-
face, illustrates the production process, and describes
the usability testing results.

1MSIT, School of Education and Professional Services, New York
Institute of Technology, Old Westbury, New York.

2School of Information Science and Learning Technologies, Uni-
versity of Missouri, Columbia.

3To whom correspondence should be addressed; e-mail: skwang@
nyit.edu

BACKGROUND

The development of the Web-LE was a sub-
set of a laptop evaluation project conducted in a
K-12 school in a southeastern state (Hill et al., 2001,
2002). The teachers and the middle and upper school
students have been using laptops since 2000 at this
school. During the evaluation project, some teach-
ers suggested activities that could be run on the lap-
top in addition to mere use of the laptop as a writ-
ing tool or as an information-gathering tool on the
Internet. The teachers were seeking more effective
ways of integrating laptops into their teaching. Af-
ter assessing the needs and the possibilities charac-
terizing the completion of a software product within
a limited time period, a team was formed that, work-
ing with a science teacher, would design a product to
help upper school students understand the process of
fossilization.

Referring to decades of teaching experience,
this science teacher reported that the students were
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having problems in comprehending the concept of
fossilization. In the unit of fossilization, students have
to understand how and why ecological systems and
physical burials influence the fossilization of certain
organism. Students’ grasp of the material had to
overcome three obstacles: fossilization is dauntingly
intricate, being a result of complex combinations of
organisms, ecological systems, and physical burials;
moreover, students scarcely have the requisite mo-
tivation to learn such abstract concepts compared
to the concepts in other units; finally, the teacher
could not find enough correct or useful materials that
would help the students visualize the process of fos-
silization. Before considering use of the computer as
an instructional tool, the teacher had students select,
as a topic, one of the possible combinations that pro-
duce fossils and illustrate the process. However, each
student had the chance to be familiar with only one
condition out of more than 10 possible conditions.
Furthermore, the production of illustrations is time-
consuming. Therefore, the teacher was looking for a
tool that would be realistic, reusable, and accurate in
its explanation of fossilization and provide learners
with opportunities to consider the potential combi-
nations of different decisions.

After the current available computer-based
tools were evaluated, a Web-LE was selected to
carry the instructional content. The content is
best delivered through the web, because the web
medium has practical operations that, for exam-
ple, enable non linear net-like structures, carry mul-
timedia, distribute cross-platform systems, and—
most important—allow for immediate updates. Web-
based learning materials are located on the server
side instead of the client side. Once the data on the
server side is updated, learners can immediately ac-
cess the latest information. There is no need for the
learners to update their own personal copies of learn-
ing materials.

The Fossilization Web-LE can be accessed at the
following URL: http://iris.nyit.edu/∼skwang/fossil. A
more detailed description of the design, the develop-
ment, and the analysis of the motivational influence
of the Web-LE is reported in Wang (2003).

INTERFACE DESIGN OF THE
FOSSILIZATION Web-LE

Interaction

The interactive learning activities of the fos-
silization Web-LE had to be determined before its

development because the nature of the interactivity
of the learning activities would affect the design of
the user interface. The objective of this unit is to help
students who are studying the unit on fossilization in
the teacher’s classroom be able to explain why one
scenario is more conducive than others to fossil de-
velopment. The teacher indicated that accurate an-
imated illustrations would be the best tool to help
students learn the concepts underlying fossilization.
He believed that graphics and movies, along with pic-
tures of actual fossils, could help students visualize
different types of fossilization, develop more robust
mental models of the processes involved, and culti-
vate a greater appreciation for why fossilization is
such a rare geological event.

The instructional designers in this team care-
fully reviewed the materials that the teacher had pre-
viously used for this unit. After further discussion
with the teacher, the team determined their over-
all instructional goal: after using the Fossilization
Web-LE, students would be able to identify the nec-
essary conditions for fossilization and construct pos-
sible scenarios for fossil formation by manipulating
variables within a simulation. In the meanwhile, the
team identified 18 possible scenarios concerning the
development of dinosaur fossils. Whether or not a
living thing becomes a fossil depends on three gen-
eral conditions: the organism, the ecological system,
and the physical burial. A combination of the three
conditions generated 18 possible paths of fossiliza-
tion: 1 organism, 3 ecological systems, and 6 physical
burials; that is, 1 × 3 × 6 = 18 paths. Therefore, the
interface should enable students to combine multiple
conditions and observe how the selection might af-
fect the result of fossil formation. Students will not
passively receive knowledge as they watch the ani-
mation of fossilization; instead, they will be empow-
ered to construct these very conditions. In doing so,
students should be able to analyze the characteristics
of every variable (3 ecological systems and 6 physical
burials) and compare the similarity and dissimilarity
among them effectively.

As the teacher requested, the tool was designed
to support individual-paced learning. Although it was
intended that the Fossilization Web-LE would be im-
plemented in class, the teacher asked students to fin-
ish the assigned task individually with the tool. Thus,
to make the learning progress visible becomes the
challenge of interface design. The interface should
enable students to actively access the information
and monitor their self learning progress. Therefore, a
navigation tool (Fig. 1) was designed to help students
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Fig. 1. Path tool records a learner’s selection.

not only monitor all possible conditions of fossiliza-
tion but also be aware of their own learning paths.

Students explored the tool with the purpose of
solving a task requiring higher-order thinking skills.
A task consisting of questions (about, for exam-
ple, the defining of those conditions that provide
the best opportunities for development and justifi-
cations underlying choices) was assigned to students
before they launched the tool. Figure 2 is a flow
chart of learners’ interaction with the Fossilization
Web-LE. When entering the Web-LE, learners must
input their names. A learner’s name is visible on the
screen at all times to increase his or her involve-
ment, therein. Researchers suggest that a display of
the user’s name on the screen can personalize the
learning context and increase his or her motivation
(Cordova and Lepper, 1996).

Next, learners who follow the fossilization pro-
cess select an organism to observe. The description
of the selected organism is placed in the text screen
(Fig. 3). By clicking blue keywords, learners can ac-
cess the online encyclopedia to look up information
if they have any questions. Keywords are presented
in a nonlinear arrangement, and learners can access
these concepts based on their interests and needs.
They then select the ecological system and physical
burial conditions. The combination of their three de-
cisions determines how the fossil will be developed.

The fossilization simulation begins when decisions
are finalized. The system records paths that learn-
ers have taken and helps learners identify the learn-
ing process. After experiencing all 18 possible paths,
learners are able to identify the situations that can
create fossils and solve the tasks the teacher has given
them.

Design Principles

When the decisions had been made about the
essential interactions of the learning activities, the
team started to investigate the general design prin-
ciples to follow in order to develop a user inter-
face that would enable learners to interact with the
content effectively. Several principles suggested by
researchers and promoted by experts from related
fields were adopted (IBM, 2004; Lohr, 2000; Suess,
1997). These principles are centered on the concept
of user-centered design.

(1) Make the most important information dis-
tinct: To communicate the most important
information, the team used clear graphic
designs and contrasting colors to highlight
keywords and important messages. Gray is
employed to identify the dysfunctional but-
tons. The interface balances visual weight
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Fig. 2. Flow chart of the learning process.

Fig. 3. Current version of interface design.
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so that no particular parts stand out on the
screen.

(2) Establish a visual order of importance for
users: Information in the system is presented
in three layers so learners can access the
contents according to a hierarchical orga-
nization. Learners have to understand one
concept before entering the next level. The
organism level is the highest in the hierar-
chy, followed by the ecological systems level
and then the physical burial level. The hi-
erarchical arrangement presents the infor-
mation in a non-threatening manner. Thus,
users are not overwhelmed by the amount
of information contained in the program
(Jones et al., 1995).

(3) Organize information so learners see the
“big” picture: In addition to the hierarchical
organization of information that helps learn-
ers explore the content one level at a time, a
map of paths is provided to give learners an
overview of all sections and how these sec-
tions are inter-related.

(4) Consistent button design: An interface must
provide an effective navigational tool for
users’ interacting with the content. To help
learners focus on the instructional content
and avoid distractions stemming from the in-
terface itself, labels are placed on the but-
tons so learners can choose functions eas-
ily. The consistent design of these labels
throughout the program prevents frustra-
tion and confusion in the learners.

(5) Visual feedback: Each behavior that learn-
ers perform results in some visual feedback
that prompts and directs them to interact
with the system. For example, when a stu-
dent loads a video, a visual index appears
as an indicator that lets learners track the
progress. The interface design should antici-
pate all possible interactions that may occur
in the learning process and make feedback
visible.

The members of the design constantly searched
for interface design examples that would effectively
convey this topic to teenagers. In view of this goal,
the design team received consultation from experts
while programmers tested the system. In addition,
the teacher described features of the target learners
and provided the team members with directions con-
cerning the embellishment of the design.

The version of interface design that was em-
ployed in the formal testing research is shown in
Fig. 3.

A. Condition selection: Radio buttons designed
to facilitate learners’ selections.

B. Media representation: Animation and ency-
clopedia appear in this window.

C. Video control buttons: Opportunities for stu-
dents to control the learning path or re-
peat presentations to master the information.
Learners can pause, play, and rewind the ani-
mation if necessary.

D. Text explanation: Explanations of different
organisms, ecological systems, and physical
burials appear in the text screen.

E. Identification: A path recorder was de-
signed to help learners track their own
progress.

Visual and Audio Issues

Video and animation can represent the com-
plexity, ambiguity, and continuity of concepts. Re-
search supports the usage of interactive video to im-
prove student achievement when it is integrated into
the learning environment effectively, and also sup-
ports the conclusion that interactive video is more
efficient in the conveying of concepts than traditional
approaches (Doulton, 1984; Stevens and Zech, 1987).
Yair et al. (2001) conclude that scientific visual repre-
sentations provide students with opportunities to ob-
serve phenomena that are difficult or impossible to
observe directly.

The primary target audience of this Web-LE
is high school students, to whom realistic graphics
and vivid animation appeal. The science teacher also
stressed that the representation of the fossilization
process should be realistic and credible. Several en-
deavors have been made to achieve this require-
ment. The dinosaur has been developed with correct
proportion, color, and movement. The 3D software
(Corel Bryce c©) was used to develop the realistic
landscapes and objects, including ancient plants, vol-
canoes, lakes, and fossils. Macromedia Flash c© was
adopted as the primary authoring tool because of its
ability to integrate multimedia and its capacity to op-
timize high quality media to enhance the speed of
transmission. Sound files were incorporated to in-
crease students’ interests while the students use the
tool.
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Online Encyclopedia

One major function of this tool is to provide
extensive and detailed explanations of selected key-
words. These hyper-linked keywords are designed
for learners who have difficulty understanding the ex-
planation of the fossilization process. Learners can
choose to learn about any keywords without sus-
pending the whole learning process. Streaming ani-
mation and hyperlink functions are used to present
the encyclopedia information via a hyperlink func-
tion. Students can link to the open environment
to access other web sites and extend their knowl-
edge about the topic. Furthermore, students can use
the online encyclopedia as a separate tool without
launching the main tool.

FORMATIVE EVALUATION AND
USABILITY TESTING

To ensure that the team made accurate or ap-
propriate decisions in each stage of the Web-LE de-
velopment, the team members conducted formative
evaluations starting at the storyboard design phase.
To do the formative evaluation, the team members
made continuous use of peer reviews and consulted
with experts during the development process.

Usability problems can impair student perfor-
mance (Tselios et al., 2001), and it is important to
conduct usability testing during the development and
implementation process. The twin goals of usability
testing are to ensure that target users find the tool
easy to use (Rubin, 1994, p. 26) and to facilitate ex-
amination of potential usability problems with the in-
terface design.

Usability testing was conducted so that, after
completion of the prototype, useful feedback for im-
provement of the interface design could be collected.
Students filled out surveys about this tool, and, as
they used the tool in the classroom, the team ob-
served their behaviors and interactions. These meth-
ods were employed so that information pertaining to
modification and refinement of the tool could be ob-
tained. Two questions were posed in relation to the
usability testing: (1) are the media elements effective
enough for the target audience? and (2) do the us-
ability testing results support the effectiveness of the
interface design?

The prototype for the usability testing included
four scenarios of fossilization. Seven 10th grade stu-
dents (four males and three females) were selected

to test the prototype after school. The students were
not given specific instructions for using the interface;
they were asked to explore the functions of the pro-
gram by themselves and to undertake an assigned
task (to find out which scenario is most likely to pre-
serve the complete skeleton of a dinosaur) by going
through the tool. The students spent approximately
30 min with this tool and spent another 5 min fill-
ing out the usability questionnaire. The classroom
observation, the usability testing questionnaire, and
interviews with students were the primary meth-
ods by which data were gathered in the usability
testing.

USABILITY TESTING RESULTS

The usability testing questionnaire focused on
students’ opinions of the program. Sample questions
included “Using this software was easy” or “Figur-
ing out the path I already completed was easy.” To
make a selection that best represented their opinions,
Students referred to a scale ranging from one to five.
The means of the students’ usability testing results
are graphed in Fig. 4. Generally, students thought
the interface design was effective and enabled them
to explore all scenarios and the online encyclopedia.
They could find certain buttons on the interface and
use the path record function to track their learning
history.

One item that required attention was “Know-
ing what I was supposed to do.” The overall mean
for this item only reached “neutral.” A possible ex-
planation of this result is that to activate any one
scenario, students had to go through three different
layers and might have been distracted by the key-
word explanations. When students make the final de-
cision, the simulation does not automatically occur
until they press the “submit” button. Several buttons
were available on the same screen, and the students
may not have understood which button they were to
press to enter the next level.

The questionnaire featured two other questions
that tested whether students could use the pro-
gram to complete the assigned task and how help-
ful the Web-LE might be in improving their learning
achievement. The teacher asked students to figure
out which scenario has the best chance to produce
the complete skeleton of a dinosaur. All the students
selected the correct condition, and all the students
pointed out that the fossilization tool indeed helped
them to learn the concepts of fossilization underlying
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Fig. 4. Usability testing results.

this solution. This is the evidence that the user in-
terface design effectively helped learners concentrate
on the primary cognitive task.

Classroom observation focused on how individ-
ual students interacted with the program, their ex-
pressions of interest and motivation, which part of
the program attracted their attention most, what kind
of navigation problems they encountered, and con-
versations about the Fossilization Web-LE among
students. The classroom observation provided clear
information about some flaws in the interface de-
sign, especially about students’ difficulties figuring
out how to continue the instruction when a sce-
nario was being selected. It appears that some stu-
dents had problems finding where the “submit”
button is and knowing when to press the “view”
button.

In student interviews, common words and
phrases used to describe the students’ initial impres-
sions of the tool included “interesting,” “helpful,”
“easy to use,” “cool,” “fun,” and “provided lots of
information.” They pointed out that the visualiza-
tion of the tool was unique and that they had never
had this kind of learning experience before. Students
identified that the animation, the captions, and the
online encyclopedia were the most useful parts of the
tool.

The students’ overall impression was that the
Fossilization Web-LE was useful for developing bet-
ter knowledge about the concept of fossilization.
They identified two problems with the interface de-
sign: a “go back” button is needed, and access to
the encyclopedia should be easier. As for the learn-
ing process, they hoped that, next time, the teacher
would give students some instruction about the topic
and more time to do the assignment. The team re-
vised the interface based on the usability testing
results.

DISCUSSIONS

Interface design flaws can cause severe prob-
lems when students use computer tools. The findings
of this study suggest the following practical applica-
tions in the design of instructional software’s user
interface.

1. In the preliminary phase of interface design,
designers should adhere to the standards for
usability and accessibility. When the proto-
type is finished, the conducting of usability
testing with representatives of the end users
is essential to the elimination of potential fu-
ture operational problems. The cognitive load
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demanded by an interface should be mini-
mized so that users can focus their cognitive
processing on the learning tasks inherent in
the Web-LE itself. It is suggested that design-
ers use common metaphors for the design of
buttons (for example, apply the metaphors
characteristic of VCR buttons to the buttons
used in the animation control) or that a but-
ton’s function be displayed when it is rolled,
or moused, over. The maintenance of con-
sistency in interface design is another strat-
egy that can help users intuitively control
the tool.

2. The interface should enable students to ac-
cess information according to their needs. To
maximize their control over their progress,
designers furnished this tool with several
functions: movie control buttons; buttons for
accessing the online encyclopedia, keywords,
and in-depth explanations; functions for mon-
itoring the learning progress; and interactive
functions enabling students to combine var-
ious conditions for fossilization. It is neces-
sary to discuss the interface design with the
teachers and the target users in the design and
development phase and make sure the inter-
face design enables users to interact with the
learning activities effectively.

3. In this study, data gathered from student in-
terviews suggested that high school students
are visually oriented and are attracted to real-
istic objects. When designing a tool for differ-
ent learners, team should consider how to ap-
peal to their needs (e.g., screen design, color
usage, degree of realism). Some visual ele-
ments, such as the cartoon-style, that attract
the attention of elementary students may fail
to make upper school students engage with
the learning process. On the other hand, re-
alistic simulations may be both appealing and
effective.

4. It is important to conduct usability testing to
minimize the possible design flaws of the in-
terface. Having a group of target users use
the interface when the prototype is completed
could help the team probe potential issues
while interacting with the Fossilization Web-
LE. To avoid later usability problems, design-
ers responsible for the user interface should,
early on, address the issue of users and the
difficulty level of the interface with which
they complete related tasks.

CONCLUSION

User-centered design is a key principle for the
design of user interface (McKnight et al., 1996;
Torres, 2002, p. 15). An effective instructional soft-
ware user interface may reduce not only the cogni-
tive load of learners who are performing tasks, but
also the possibility of disengagement. However, in
order to develop an effective user interface, design-
ers must investigate and understand the target learn-
ers’ characteristics, including computer skills, prior
knowledge of the subject, and visual habits. More
important, the creation of an educational innovation
and the interaction of learners with learning activi-
ties (which is the heart of learning itself) underlie the
design of any computer interface and should be ana-
lyzed from the beginning.

This study is an example of collaboration among
a front line teacher and instructional designers who
aimed to develop a web-based learning tool by
adopting the user-centered design approach. The
results of this study yield some suggestions that
can inform future efforts to develop or implement
similar instructional innovations. From a practical
standpoint, a good user interface will not guarantee
a better learning outcome if the underlying learn-
ing activities are not meaningful and designed delib-
erately. However, a non-intuitive user interface can
cause frustration and turn learners off.

ACKNOWLEDGMENTS

The authors would like to extend their grati-
tude to Dr. Tom Reeves, Dr. Janette Hill, Wan-Ting
Huang, Beaumie Kim, and Jack Kridler for their con-
tributions to this study.

REFERENCES

Cordova, D. I., and Lepper, M. R. (1996). Intrinsic motivation and
the process of learning: Beneficial effects of contextualization,
personalization, and choice. Journal of Educational Psychol-
ogy 88: 715–730.

Doulton, A. (1984). Interactive video in training. Media in Educa-
tion and Development, December, 205–206.

Hill, J. R., Reeves, T. C., Grant, M. K., Wang, S. K.,
and Han, S. (2002). The impact of portable technologies
on teaching and learning: Year three report, 2004, from
http://lpsl.coe.uga.edu/Projects/AAlaptop/index.html

Hill, J. R., Reeves, T. C., Grant, M., and Wang, S. K. (2001). Ubiq-
uitous computing in a day school: Initial results from a lon-
gitudinal evaluation. Paper presented at the Annual Confer-
ence of the Association for Educational Communications and
Technology, Atlanta, GA.



The Interface Design and the Usability Testing 313

IBM. (2004). User-centered design. (2004, August 10). Re-
trieved from http://www-306.ibm.com/ibm/easy/eou ext.nsf/
publish/570

Jones, M. G., Farquhar, J. D., and Surry, D. W. (1995). Using
metacognitive theories to design user interfaces for computer-
based learning. Educational Technology 35(4): 12–22.

Martin-Michiellot, S., and Mendelsohn, P. (2000). Cognitive load
while learning with a graphical computer interface. Journal of
Computer Assisted Learning 16(4): 284–293.

McKnight, C., Dillon, A., and Richardson, J. (1996). User-
centered design of hypertext/hypermedia for education. In
Kozma R. B. (Ed.), Handbook of Research for Educational
Communications and Technology, Association for Educa-
tional Communications and Technology, pp. 622–633.

Metros, S. E., and Hedberg, J. G. (2002). More than just a pretty
(inter) face: The role of the graphical user interface in engag-

ing e-learners. Quarterly Review of Distance Education 3(2):
191–205.

Rubin, J. (1994). Handbook of Usability Testing: How to Plan,
Design, and Conduct Effective Tests, Wiley, New York.

Stevens, D. J., and Zech, L. (1987). The classroom applications of
an interactive videodisc high school science lesson. Journal of
Computers in Mathematics and Science Teaching 6(3): 20–26.

Sweller, J., and Chandler, P. (1994). Why some material is difficult
to learn. Cognition and Instruction 12(3): 185–233.

Torres, R. J. (2002). Practitioner’s Handbook for User Interface
Design and Development, Prentice Hall, New Jersey.

Wang, S.-K. (2003). Development research with cognitive tools: An
investigation of the effects of a web-based learning environ-
ment on student motivation and achievement in high school
earth science. Unpublished doctoral dissertation, University
of Georgia, Athens, GA.


