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Abstract

In this paper we present work toward a new method of
evaluation for Reality-Based Interaction Styles that we
call Cognitive Description and Evaluation of Interaction
(CoDeln). This framework is similar to GOMS, but also
shares similarities with cognitive architectures, such as
ACT-R and Soar. We apply this new approach to a
Tangible User Interface, built as a Wizard of Oz
interface, to illustrate the new method, and compare
CoDeln’s results to a GOMS model. We show that
CoDeln provides some promise of representing the
parallel processing and new modes of physical
interaction inherent in reality-based interfaces, and
CoDeln does a better job in predicting the completion
time of an example task than GOMS.
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Introduction

Today there are many methods for the evaluation of
the Direct Manipulation (DM) interfaces [5, 11], with
one of the most prominent being the GOMS (Goals,
Operators, Methods, Selection Rules) family [1, 9]. But
as new interaction styles are being created to take
advantage of quickly evolving technology, we wonder
whether existing evaluation methods can be used to
evaluate tasks in these new interaction styles.

Here we propose a new method that particularly
supports the evaluation of Reality-Based Interfaces
(RBIs) [6, 7], and may extend our ability to evaluate
existing interfaces. The method evaluates a task in
terms of the users’ required knowledge to perform that
task. This is done through a diagramming notation that
allows the designer to model the interactions allowed in
a RBI interface, given the interface actions and the
required task knowledge.

To evaluate the proposed method, we present a
preliminary experiment that compares the findings of
the proposed method to GOMS. The result is that the
proposed method performs better than GOMS in the
RBI context.

Background

GOMS is one of the most widely known model based
evaluation methods in HCI. Based on the goals of the
user to perform a task, it analyzes the task using
operators, methods and selection rules. GOMS though,
presents some well known problems in the evaluation
process. First, it only applies to expert, error-free
performance [1], which excludes evaluation for
occasional users who are among the most frequent
users of RBIs. Second, only one of its varieties, CPM-

GOMS [3], allows the evaluation of parallel tasks,
something that seems common in RBIs [8], however,
CPM-GOMS is very complex for most evaluation
analyses [10].

The proposed evaluation method introduced here is
based on an idea presented by Christou and Jacob [2],
which stated that a task can be evaluated on the
amount of knowledge required for the performance of
that task. The method uses the Keystroke Level Model
operators [1] for evaluation of other portions of the
task. The notation of the proposed method is based on
Augmented Transition Networks (ATNs) and is inspired
by Statecharts [4].

CoDeln: the Proposed method

The proposed method evaluates a task based on the
required task knowledge. We name this method
COgnitive Description and Evaluation of INteraction
(CoDeln). The knowledge that is modeled in CoDeln is
of two types: declarative knowledge and procedural
knowledge. We assume that domain knowledge is
constant across interfaces, and that the user already
possesses the required domain knowledge for the task.
Therefore, we do not take domain knowledge into
account for the proposed method for comparing
interfaces.

Because the task is modeled based on the knowledge
required to perform the task, we move away from the
concept of goals, and goal-based evaluation methods;
the method uses the designer’s model of the task, and
not the user’s. This is important, because when actions
that may be performed in parallel are modeled, the
model reflects this, even though the user may not
choose to perform the actions in parallel. This may
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Figure 1 The diagrammatic
components that make up the
syntax of the proposed
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seem to undermine the method’s validity, but we argue
that it does not because we expect that expert users
(the ones modeled in the case shown in this paper), will
perform the actions trying to be as efficient as possible,
thus utilizing any “shortcut”, like performing actions in
parallel.

We also have some preliminary promising results in
modeling non-expert users, by using the same model
and fuzzy logic rules, on the required task knowledge.
We do not however, present those in this paper.

Notation

The diagrammatic notation to describe and evaluate
interaction tasks is shown in Figure 1. It uses an ATN to
represent the flow of the task from one action to the
other, and allows zooming into task states to see how
they are carried out, like Statecharts [4].

Figure 1 includes four components: the rectangle that
represents a knowledge state, a declarative knowledge
chunk, modeled as a circle, a procedural knowledge
chunk modeled using a triangle, and an action that
moves the user from one knowledge state to another,
shown as an arrow. Because we propose modeling the
task, and not modeling the interface, the knowledge
state does not represent a specific state of the
interface. Rather, it represents a state in the process of
the task, a subtask. Each knowledge state may either
hold other knowledge states, or required knowledge for
the performance of the action coming out of the state.
The arrow may also have a condition, which defines
when the transition will be followed, and not when the
action will be performed. In any knowledge state, when
an arrow exists, the action may be performed as long
as the knowledge requirements of the knowledge state

are satisfied. Action conditions are optional, and if not
included, then the action may be performed when the
corresponding state is entered.

The evaluation process is best shown by applying it to

an example task. We next describe an experiment that
gathered data to compare the performance of CoDeln

to GOMS.

Experiment

PARTICIPANTS

10 participants were recruited from the Computer
Science department of Cyprus College, ranging in age
from 19 to 25 years old. All were taking an
introductory HCI course at the time of the experiment,
and participated in the study for course credit.

PROCEDURE

Participants were asked to perform the following task:
“Find a specific mp3 file in a list of folders, where the
target file, the source and target folders are given, and
move the requested file from the source folder to the
destination folder”. For example, the participants would
be asked to find the mp3 file called “Cleaning my
closet” by Eminem, which would be in the “Sting” folder
(source folder), and move it to the correct (destination)
folder, which in this case would be the “Eminem” folder.

Figure 2 shows the layout that was used for the
experiment. The experiment was performed by asking
the participants to reach into the source folder, grab
the file objects and search through them. When they
would find the target mp3 file they would proceed to
place it into the destination folder. This signaled the
end of the trial. The whole task is shown as an NGOMSL
model in Table 1.



Top Level Method (8.95s):

Method for Goal: Move file from source folder to
destination folder

Step 1: Locate source folder (M = 1.2s)

Step 2: Reach into source folder and grab files (R =
0.85s)

Step 3: Examine the name of the file object on top of
the file object pile (negligible)

Step 4: Decide: If the filename matches the required
filename Then Accomplish Goal: Place File in Destination
Folder (3.1s) Else Accomplish Goal: Find required file
(3.5s)

Step 5: Return with goal accomplished

Method for Goal: Find Required File (3.5s)

Step 1: Move file object from top of file object file to
bottom.

Step 2: Examine the name of the file object on top of
the file object pile

Step 3: Decide: If the filename matches the required
filename Then Return with goal accomplished Else
Accomplish Goal: Find Required File

Method for Goal: Place File in Destination Folder (3.1s)
Step 1: Locate destination folder (M = 1.2s)

Step 2: Place file in the destination folder (R = 0.85s)
Step 3: Place remaining files in source folder (R =
0.85s)

Step 4: Return with goal accomplished

Table 1 The NGOMSL methods for the evaluation of the
experimental task. [move lower if you can, always after intro

Figure 2 The layout of the experimental task.

MATERIALS AND DESIGN

The task was designed as a Tangible User Interface
(TUI), as shown in Figure 2, using a mockup of a
physically realized interface. Because the interaction
with the interface is what is of interest here, it was
deemed unnecessary to actually build the
computationally realized TUI to support the task. Thus,
it was built as a wizard of Oz interface. Folders were
represented by 16 x 14 cm cardboard boxes. The name
of each folder was written on the front side of each box.
Inside each box there were paper cutouts of file
objects, measuring 7.2 cm wide and 5.4 cm long. Each
folder had a minimum of 3 and a maximum of 11 file
objects. The file objects represented the files that were
inside each folder, with the name of the file they
represented printed in a box in the middle of the paper
cutout. The song/album pairs were the same for all
participants. Each participant performed ten trials per
condition.

During the experimental task, two things could happen
in parallel. The first was that the participants would find
the positions of the source and target folders first,



TUI Deviation

Experiment

Average 4.12 o
GOMS 8.95 4.74
CODE’IN 6.4 2.28

Table 2 Analysis results of task
performance predictions and times (in
seconds) for the interface along with
deviations from the experimental time.
Dashes are used where no available value
exists.

because the folder view was constantly in front of
them. This parallel action is shown in the first
knowledge state (upper left), by using only one M
operator to show that the participants searched for the
position of the two folders.

The second pair of possible parallel actions happens
after the last knowledge state, when the participants
place both the target file object and the rest of the file

objects back to their respective positions in one motion.

This is reflected by the two arrows coming out of the
last knowledge state, and by only marking the
completion time on one of the arrows.

Discussion

The estimated completion time results could not be
found just by using the primitive operators offered by
GOMS: reaching to grasp, or prehension, and the
search through the file objects that allowed the
participants to find the target object. This shows the
incompleteness of GOMS as is, to evaluate RBIs. Thus,
we performed another experiment that showed the
average time for prehension, in this experimental
setting, to be 0.85 s. This was used for both analyses,
shown in the NGOMSL model as the R operator, and
shown in the CoDeln model of Figure 3 as the grabbing
action.

The second action that GOMS could not handle was the
search through the file objects. For this reason, we
performed yet another experiment, where we isolated
the search task, and found the average search time to
be 3.5 s, in the same experimental setting.

Table 2 shows the results of the two analyses. Here,
CODE’IN provides a more accurate result than GOMS.
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Figure 3 The CoDeln model for the experimental task.

As mentioned earlier, we believe that CoDeln can be
used not only in the analysis of expert behavior for a
task, but for any user, because of the explicit
definitions of knowledge for each action.

Conclusions and Future Work

In this article we presented a preliminary experiment,
carried out to compare the performance GOMS with
CoDeln, a new proposed evaluation method. The
experiment included a task with a TUI condition,



representing the new trend in interaction styles based
on computing embedded in the world, collectively called
RBI.

While GOMS needed to be extended, CoDeln managed
to provide a good estimate for the completion time of
the task. Also, because of the graphical notation,
CoDeln presents an easy way of modeling parallel
actions. Another result that suggests further work with
CoDeln is that we believe it can model any type of
user, unlike GOMS, which can only model expert
performance. We are working towards this purpose
now, by creating more complex experimental tasks,
and using different types of users for our experiments,
to gauge the performance of CoDeln given the different
user classes. We are also working on a set of operators,
much like GOMS’ primitive operators, that cover
different actions that have not yet been modeled in
GOMS, such as the prehension operator, mentioned
earlier.
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