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a b s t r a c t

Purpose: The purpose of this paper is to describe an experimental study to reduce cognitive load and
enhance usability for interactive geometry software.
Design/methodology/approach: The Graphical User Interface is the main mechanism of communication
between user and system features. Educational software interfaces should provide useful features to
assist learners without generate extra cognitive load. In this context, this research aims at analyzing a
reduced and a complete interface of interactive geometry software, and verifies the educational benefits
they provide. We investigated whether a reduced interface makes few cognitive demands of users in
comparison to a complete interface. To this end, we designed the interfaces and carried out an experi-
ment involving 69 undergraduate students.
Findings: The experimental results indicate that an interface that hides advanced and extraneous fea-
tures helps novice users to perform slightly better than novice users using a complete interface. After
receiving proper training, however, a complete interface makes users more productive than a reduced
interface.
Originality/value: In educational software, successful user interface designs minimize the cognitive load
on users; thereby users can direct their efforts to maximizing their understanding of the educational
concepts being presented.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The interplay between computer systems and human beings
occurs through a graphical user interface (GUI). Improperly
designed GUIs (i.e., interfaces that do not meet usability criteria)
often hinder how users interact and access the underlying func-
tionality (Nielsen,1993). As a result, users might end up performing
wrong operations, thereby reducing their productivity and even
tampering with parts of the system. GUIs developed according to
usability patterns provide a number of benefits to their users: they

(i) optimize users' productivity; (ii) help users to quickly memorize
the available functionalities; and (iii) mitigate interaction problems.

In the context of educational software for geometry, the devel-
opment of interfaces can influence how learners explore and un-
derstand the concepts shown on the computer screen (Sedig &
Liang, 2006). Interactive Geometry (IG) software is computer pro-
grams tailored toward geometry education. IG software allows
learners to interact with geometry objects and dynamically
construct their knowledge (Isotani & Brand~ao, 2008). Recent
studies suggest that IG software containing interfaces that show a
great number of graphical elements and features are not adequate
for beginners (Kortenkamp & Dohrmann, 2010; Schimpf &
Spannagel, 2011). According to these studies, when learners use
GUIs containing a large number of functions, they spend a signifi-
cant amount of time “trying to find certain features” instead of
learning the subject (e.g. Mathematics).
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Although some studies have discussed the development of in-
terfaces for IG software, little effort has been made to carry out
empirical studies to evaluate how GUIs can be used to avoid
problems in the learning processes (Mackrell, 2011). There are
approaches to cope with the complexity found in GUIs. These ap-
proaches turn complex GUIs into more user-friendly ones. For
instance, one approach consists of enhancing adaptability by
allowing the user to either hide or disable extraneous features. By
keeping only the graphical elements that are usedmore often, users
tend to be more productive (Schimpf & Spannagel, 2011). However,
the existing approaches are not specific to IG software (Kortenkamp
& Dohrmann, 2010).

Designing effective GUIs for IG software is important because
GUIs play a pivotal role in the learning process. Learning consists of
transferring information from working memory to long-term
memory (Coyne, Baldwin, Cole, Sibley, & Roberts, 2009). Never-
theless, our working memory can hold a limited amount of cogni-
tive load, which means that when faced with difficult tasks we
should use our working memory effectively. Within this context,
learners that study geometry through IG software with low us-
ability wastemost of their cognitive load in learning how to interact
with the underlying IG software. Thus, GUIs for IG software should
be friendly enough not to exceed users' working memory capacity.

This study aims at understanding how the interfaces of IG
software affect the learning process and the productivity of their
users. In order to investigate this topic, an experiment involving 69
undergraduate students was carried out using the IG software
called iGeom (Isotani & Brand~ao, 2008). Most subjects involved in
the experiment stated they had advanced computer skills and a
working knowledge of geometry. Only four students had prior
experience with IG software, and only one student had prior
experience with the particular IG software used in the experiment.

In the next sections, we present background, our experiment,
and the conclusions of this study. The concepts of IG software,
cognitive load, and usability are described in Section 2. Section 3
presents related work and similar experiments already carried
out in the area. Section 4 describes the experiment we carried out
using two versions of interface for iGeom, namely, complete and
reduced interfaces. Section 4 also discusses the results of our
experiment. Section 5 suggests future work and Section 6 presents
concluding remarks.

2. Background

Interactive geometry software (IGS; dynamic geometry envi-
ronments, DGEs; or dynamic geometry systems, DGSs) is computer
programs developed with the goal of enabling students to explore
geometry concepts through dynamic manipulation of geometric
objects (e.g., Lines, circles and dots) (Erez & Yerushalmy, 2006;
Isotani & Brand~ao, 2008; Roanes-Lozano, 2003). IG software im-
plements the conventional tools employed in classroom settings to
teach geometry, such as a ruler and compass using computational
resources. The term “geometry” refers to the branch of mathe-
matics that studies properties and relations of geometric objects. In
this context, IG software allows students to create abstract repre-
sentations of geometric objects and concepts to measure and
manipulate them. These activities allow students to receive quick
feedback after handling an object on screen. Consequently, stu-
dents can test conjectures and hypotheses and find new relation-
ships and properties based on a constructivist approach
(Hollebrands, 2003).

During the learning process, students interacting with the
software are able to visualize geometric constructions via GUI.
Furthermore, they are able to interact with the features of the
software and easily understand the information through these

visualizations (Shimomura, Havannber, & Hafsteinsson, 2013).
However, Baker, Greenberg, and Gutwin (2001) and Laborde (2007)
suggest that the development of IG software should take into
consideration not only pedagogical aspects, but also the design of
the interface. The reason is to avoid developing software that tends
to support a superficial sort of teaching, causing frustration among
the students, who may struggle using the software and ultimately
not direct their attention to the task that really matters: to learn
geometry (Kortenkamp & Dohrmann, 2010; Schimpf & Spannagel,
2011).

Previous studies have shown that students who use IG software
to learn geometry are more committed than students learning with
traditional tools, such as rulers and compasses (Erbas & Yenmez,
2011). Research findings indicate that IG software encourages stu-
dents to develop their own hypotheses and find new ways to solve
the proposed problems (Isotani & Brand~ao, 2008). Yet, during the
learning process students need to learn at the same time, both
mathematical concepts and how to use the IG software (e.g., un-
derstand the interface and functions of the software).

2.1. Cognitive load theory and usability

Schimpf and Spannagel (2011) have shown that one of the main
difficulties reported by students while learning how to use IG
software is related to the wide variety of features in their interfaces.
A large number of features can lead to ambiguity, confuse the
students with too many details, and cause frustration and demo-
tivate students. In other words, GUIs of IG software containing too
many graphical elements may hinder the learning process,
requiring users to experience high cognitive loads. As pointed out
by Sedig and Liang (2006), the cognitive abilities of students are
limited and should be directed to help them understand mathe-
matical concepts and not be wasted learning how to use the soft-
ware interface.

The cognitive load refers to the demands placed on the working
memory of learners during the learning process. This concept is the
basis of the cognitive load theory (CLT) (Paas, Renkl, & Sweller,
2003). According to this theory, humans have limited
information-processing capacity. Because of that, we (humans)
have difficulty memorizing past concepts for a long period during
instruction. Cognitive load theory is concerned with how to
maximize the performance of students investigating ways inwhich
statements/interfaces must be presented and the type of activities
in which learners must engage. The knowledge of human cognitive
architecture provides the foundation that underlies the area,
especially memory and long-term memory working.

CLT classifies cognitive load into three different types: intrinsic,
germane and extraneous cognitive load (Sweller, Ayres, & Kalyuga,
2011). The intrinsic cognitive load is related to the complexity of a
given task that must be processed by the learner and cannot be
modified by an instructor. Germane cognitive load is the load uti-
lized to the processing, construction and automation of schemas.
The extraneous cognitive load is generated by the way in which
information is shown to learners. It means that extraneous cogni-
tive load demands mental efforts that do not promote learning and
can be attributed to the design of the instructional materials
(Chandler & Sweller, 1991).

The interface designers are concerned with the extraneous
cognitive load, such as the level of irrelevant information presented
to users. As shown in Fig. 1, if the interface presents irrelevant el-
ements, learners need to figure out what information is important
and what information is not relevant to their learning. Unlike
intrinsic load, that is constant (considering the task to be per-
formed); the other loads can be controlled (Gog & Paas, 2012).
Therefore, to design an educational system that helps students to
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