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Support for Augmented Reality Simulation
Systems: The Effects of Scaffolding on
Learning Outcomes and Behavior Patterns

Maria-Blanca Ibafiez, Member, IEEE, Angela Di-Serio, Diego Villaran and Carlos Delgado-Kloos,
Senior Member, |IEEE

Abstract— An AR-based simulation system that integrates background knowledge and experimental support (AR-SaBEr) was
designed as a learning tool for teaching basic principles of electricity to ninth-grade students. The aim of this study was to
investigate how supporting the learner focus on meaningful activities affects behavior and learning performance. The sample
was 82 students, who were randomly assigned to two groups. The control group used AR-SaBEr with no support for
recommending activities. The experimental group had personalized extra support designed to help learners focus on the subject
matters that they did not master. The study found that learners from experimental group showed better learning achievements
than those who participated in the control group. Furthermore, learners’ behavioral patterns were dependent upon the support
received. Learners from the control group were more willing to browse information about activities than to read about the subject
before experimenting. Learners from the experimental group browsed activities information prior to carrying them out and read
about the subject matter prior to experimentation. The observed behavioral patterns and learning achievements suggest that in
augmented reality based simulation environments it is worth providing mechanisms to focus the attention of students on the

most relevant topics for them.

Index Terms—augmented reality, behavioral pattern, computer simulations, scaffolding, science learning

1 INTRODUCTION

UGMENTED reality (AR) is a technology that

enhances the user's sensory perception of the real
world with a computer-assisted contextual layer of
information in real time [1]. AR has become a central
player in the technology landscape since its introduction
in mobile devices provided with high communications
bandwidth and basic AR browser tools. In the education-
al arena, the 2011 Horizon Report [2] drew researchers'
attention to this emerging technology that enables creat-
ing enhanced learning environments in which coexist real
and digital worlds in real time [2], [3]. Since then, educa-
tional researchers have increasingly explored potential
opportunities for teaching and learning of AR [4]. Initial
studies devoted mainly to development, usability, and
initial implementations of applications have revealed
educational values of AR including providing contextual-
ized information, allowing the visualization of invisible
phenomena and the interaction with 3D objects in real
time, favoring learning cognitive processes, and support-
ing collaboration activities [5], [6], [7]. Leader researchers
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suggest that one of the most promising uses of AR in
education is to support science learning with simulation
activities [8], [9], [10].

The use of AR in education is not exempt from risks,
engagement in AR activities can become an obstacle for
achieving desired learning goals. Indeed, in a located
based AR system devoted to active inquiry, M. Dunleavy
et al. [10] report how students were so engaged in the AR
system that they paid no attention and lost track of their
real environment, whereas the activity required the in-
corporation of the physical space into the learning experi-
ence. They also pointed out that learners were so en-
grossed exchanging information that they ran out of time
and had difficulties completing the activity. A similar
problem has been reported by B. Schneider et al. [11]
regarding tangible interfaces. Indeed, they claim that
tangible interfaces may constrain reflection and abstract
thinking by blocking the learner in manipulative activi-
ties. Similarly, in a previous work the authors of this
study found that although students were highly motivat-
ed by experimenting with an AR-based learning envi-
ronment almost one out of four simulation tasks they
made were unsuccessful and learning effectiveness was
rather small [12].

On the other hand, often the use of computer simula-
tions in discovery learning has been ineffective in improv-
ing learning processes and outcomes [13], [14], [15], [16].
Consequently, some researchers have studied the difficul-
ties that learners might encounter in the discovery learn-
ing process [13] and proposed mechanisms to overcome
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Fig. 1. Types of support to overcome difficulties associated to scientific discovery in computer simulation environments.

these problems. Their recommendations encompass two
major guidelines: the exploration of diverse media to
deploy simulation tools, and the integration of instruc-
tional support into discovery learning activities [13], [17],
[18]. Therefore, AR technology might be useful to support
science learning with simulation activities provided that
instructional designers capitalize psychological af-
fordances of this technology to achieve the effectiveness
of and learners behaviors while using AR-based learning
environments [19], [20].

As an effort to shed some light on how to learners us-
ing AR exploratory environments can discover and build
knowledge via experimentation, Section 2 reviews the
strategies used in web-based simulators to overcome the
difficulties that hinder the construction of conceptual
models of scientific phenomena. Based on the theoretical
foundations of Section 2, an AR-based simulation tool is
presented in Section 3. The tool was designed to explore
the effect of scaffolding support strategies in the behav-
ioral patterns of students who interact with the AR-based
simulation environment, and to assess the learning effec-
tiveness of the environment for learning basic electrical
principles. The research method followed is presented in
Section 4, the results and data analysis are exposed in
Section 5 and finally, the discussion and conclusions are
presented in Section 6.

2 SCAFFOLDING IN COMPUTER SIMULATION
LEARNING ENVIRONMENTS

T. de Jong and W. van Joolingen [13] classified the dif-
ficulties students found to construct the conceptual mod-
els of scientific phenomena into five categories: (1) prob-
lems to recall relevant domain information; (2) difficulties
in generating and adapting hypotheses; (3) problems
designing experiments that provide information for de-
ciding whether the hypothesis is valid or not; (4) difficul-
ties in data interpretation; and (5) problems regarding the
regulation of the learning process. A number of studies
have been conducted to overcome these problems by
assisting learners with scaffolding mechanisms [13], [17],
[21]. From the evidence collected, three types of supports
can be identified: (1) background knowledge support to
provide the domain knowledge related to the simulation;
(2) experimental support to assist learners in the core
processes in scientific inquiry; and (3) learning support to
help learners to perform discovery activities in a structur-
al and systematic way (see fig. 1).

2.1 Background Knowledge Support

Background knowledge support has been recognized
as relevant because insufficient background-knowledge
may result in an inability to make hypotheses, the design
of inconclusive experiments or drawing incorrect conclu-
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sions [8], [22], [23]. Researchers have provided back-
ground knowledge taking advantage of the technological
interfaces supporting the simulation based learning activ-
ities. For instance, in web browser based environments,
background knowledge can be directly provided through
hypermedia links that act as online hypertext dictionaries
[23] or through the activation of prior knowledge through
direct questions to learners [24]. The unique immersive
affordances of 3D virtual worlds can be used to provide
in-worlds documents as in the Virtual TEAL World, an
interactive and collaborative multi-user virtual world for
physics learning activities [25]. Just-in-time access to
knowledge can be provided in augmented reality based
simulation environments by triggering knowledge infor-
mation in location based [6] or in marker based augment-
ed reality environments [12]. Regarding AR-based simu-
lation systems in general and those that use tangible ob-
jects in particular, it is also beneficial for learners to see
instructions integrated with materials to be manipulated
[26].

2.2 Experimental Support

Experimental support is intended to help learners to
conduct systematic and valid scientific experiments [21],
[24]. The treatments developed by researchers encompass
a broad range of studies which support the processes for
hypothesis generation, scientific experimental design,
manipulation of variables, and inference of reasonable
conclusions. Scaffolding for hypothesis generation has
included templates to formulate syntactically correct
predictions [27] or to if-then rules to establish relations
between variables [28]. The support provided for experi-
mental design has been based on a range of hints such as
"vary only one variable at a time" [21]. Regarding the
manipulation variable treatments, studies have focused
their efforts on providing tools for collecting, organizing,
and visualizing data [29], [30], [31]. Finally, to help learn-

ers draw conclusions, the existent supporting tools pro-
vide mechanisms for inspecting data in different ways
[21], [24].

2.3 Learning Support

By providing learning support students can focus on
the principles behind the results rather than become dis-
tracted by superficial aspects of the learning activities
[21], [32]. Learning support encompasses measures for (1)
planning to guide learners through the discovery process;
(2) monitoring to help learners to reflect on their progress
in relation to their inquiry goals; and (3) structuring the
discovery process to guide learners to choose the most
relevant and productive tasks [13], [21].

Planning in the inquiry based instruction involves,
first, the formulation of hypotheses, and, second, the
establishment and implementation of strategies to prove
or refute the hypotheses. For example, Co-Lab includes
the Process Coordinator planning tool for guiding learn-
ers through the stages of the learning process by specify-
ing a series of goals and subgoals to accomplish [28].

Monitoring has been mainly supported by reflective
prompts that are proven to increase the self-awareness of
the learning processes, and assist learners in connecting
new insights with learners' mental models [8], [22].

Finally, software tools can help learners to structure
the discovery process by decomposing tasks and by guid-
ing them through key components of the learning activi-
ties [33]. Another way of structuring tasks is made by
providing explanation guides or by providing the de-
scriptions required to construct products [21]. Platforms
such as nQuire divides the discovery task into eight steps
helping students to decompose problems which can help
guide what actions to take, their order, or necessary as-
pects of work products; Co-Lab includes the so-called
model progression, aiming at reducing the cognitive
complexity of the learning process [28], [34].

Fig. 2. AR-SaBEr's mechanisms for the experimental support: (a) simulation goal; (b) tools to measure; (c) tools for visualizing, and (d) draw-

ing conclusions.



3 AR BASED SIMULATION LEARNING APPLICATION

AR-SaBEr is an augmented reality simulator constructed
by the authors of this study; it was designed with the aim
of introducing ninth-grade students to the basic princi-
ples of electricity. The simulator conforms to the Spanish
secondary school physics curriculum, and provides both
reading materials and AR-based simulations about: (a)
the concepts of electric current, voltage, and resistance;
(b) the electrical behavior of conductors and insulators; (c)
the main components of an electrical circuit; (d) how to
measure electric current, voltage, and resistance; (e)
which factors affect the resistance of a conductor.

Students accessed AR-SaBEr's learning materials
through the main menu of their tablets which contains
three topics: (T1) electricity current; (T2) voltage, and
(T3) resistance. Each topic consists of three activities and
each activity includes four phases: (P1) the background
information to understand the main concepts related to
the activity; (P2) an AR-based simulation of the physical
principle related to the activity; (P3) and (P4) general
description of phases (P1) and (P2), respectively. The
learning application promotes self-directed learning with-
in an environment that allows free access to learning re-
sources. In such an environment, students must decide
which activities and phases to perform, in which order,
and what learning resources they will use. While navi-
gating through the application, students have the oppor-
tunity to discover the basic principles of electricity
through reading and experimentation.

The AR-based simulations included in AR-SaBEr were
aimed at taking advantage of AR affordances for science
learning. The experimental activities were structured
around students' manipulation of 3D shapes, which mim-
icked circuit elements. The use of these tangible objects
was introduced to enhance the learning experience [4],
[35], [36]. The simulations make the invisible visible to
promote deeper understanding of electrical phenomena
and process [4], [37]. Additionally, the application was
designed to simplify the complexity of reality avoiding
cognitive overloading. It presents activities to students
that are neither too complicated nor too simple, and
aimed at arousing curiosity and motivating them to ex-
plore the learning environment [4].

Regarding scaffolding strategies, AR-SaBEr includes
both background knowledge and experimental support to
assist students in their discovery process. The back-
ground knowledge support associated with each simula-
tion activity comprises explanatory texts of the concepts
and experiments related to the activity. Whereas the ex-
perimental support includes several mechanisms to assist
learners in the discovery of the basic principles of electric-
ity through simulations. Each simulation activity allows
testing a hypothesis by varying one or at most two varia-
bles signaled by the application. The application provides
tangible elements that act as electrical measuring tools
such as voltmeter, ammeter and ohmmeter to test the
variables of the system. The visualization support in-
cludes the superposition over the scene of the values
gotten by the measuring tools. For example, fig. 2 shows
the simulation activity designed to test the effect the
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thickness of a wire has on resistance (fig. 2a) within the
topic T3. Fig. 2b shows the ohmmeter used to take the
measures that the application superimposed upon the
scene (fig. 2c). Fig. 2d shows a final test included to help
learners to reflect upon the main conclusion of the activi-

ty.

4 METHOD

AR-SaBEr combines affordances of AR technology
with scaffolding mechanisms in a learning environment
that assists learners in discovering the basic principles of
electricity. In a previous work [12], AR-SaBEr have prov-
en effective to foster learners motivation. However, the
tool might require learning scaffolding strategies to help
focusing students' attention on the discovery activities
rather than on the AR-technology and improve learning
effectiveness. Consequently, researchers deployed two
versions of the application with different learning scaf-
folding strategies. The two versions of AR-SaBEr had the
same content, the same activities, provided learners with
the freedom to choose activities, and included the
knowledge based and experimental support described in
the previous section. What differentiated them was the
learning support provided to suggest learners the most
relevant and productive tasks [13], [21]. The advice was
given with visual clues that highlighted the suggested
activities and this was based on the learner's knowledge
of the fundamental concepts of electricity covered in this
simulation environment. All learning activities were pre-
sented to the control group (CG); therefore, participants
in this group chose the learning activities according to
their willingness to work, with no extra help from the
system. On the other hand, experimental group (EG)
received visual clues that recommended learning activi-
ties according to their results in a knowledge pretest, and
they used the AR-SaBEr_E simulator. This supporting
mechanism was called knowledge-based scaffolding by
Fund [38]. For both groups, once the learner performed
an activity, the activity ceased to be recommended. There-
fore, an experimental-control group design was used to
compare two ways of recommending learning activities
on participants' acquisition of electricity basic concepts.
The independent variable of the study was the scaffolding
learning support designed to guide learners to choose the
learning activities.

In order to gain insight into the behavioral patterns of
learners that might occur during the discovery learning
process, learners' interactions with the tool were ex-
plored.

In this study, the specific research questions aimed at
exploring whether the scafolding service have any impact
on students behavior (RQ1, RQ2, RQ3) and on students
learning outcomes (RQ4) were the following:

RQ1: Are there any differences in students' behavioral
pattern depending on the scaffolding strategy used?

RQ2: Is there any difference in students' overall simu-
lation time spent during the experience depending on
which scaffolding strategy they used?

RQ3: Is there any difference in students' overall read-
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ing time spent during the experience depending on which
scaffolding strategy they used?

RQ4: Are there any differences in students' learning ef-
fectiveness depending on which scaffolding strategy is
used?

4.1 Participants

In this study ninth-grade students participated from three
schools located in the south of Madrid. Students' partici-
pation in the learning activity was mandatory. The sam-
ple consisted of 82 students (age 14-17, M=14.5 SD=0.7).
Ten students did not complete some of the tests and thus
were not considered for the purposes of this study. Stu-
dents were randomly assigned to either of two groups:
the control group (CG) included 18 males and 22 females
whose ages ranged from 14 to 15 years old (M=14.2,
SD=0.4), and the experimental group (EG) included 18
males and 14 females from 14 to 17 years old (M=14.75,
SD=0.91).

Students had basic computer skills (e.g. elemental
computer operation, the ability to use a web browser),
which form part of their computer science curriculum.
However, they had not previously used any AR applica-
tion before.

4.2 Procedure

First, in each of the selected schools, students received
traditional instruction related to the concepts involved in
the activity by their respective teachers who followed the
same physics curriculum. In the subsequent week, stu-
dents were randomly assigned either to any of the groups
(CG or EG). Each student received a tablet with the AR-
based application installed and the set of physical objects
required for the intervention. Prior to their actual interac-
tion with the application on an individual basis, the stu-
dents received brief oral instructions on its use by the
researchers. Students started by completing a knowledge

pretest. Then, they started the interventions in presence of
their teachers and the researchers. The interventions last-
ed 50 minutes. Throughout this time, students received
technical and procedural help from the researchers and
their teachers respectively. After the completion of the
interventions, students completed a knowledge posttest
questionnaire. All the surveys and tests were embedded
in the application.

The activity lasted 100 minutes. The maximum amount
of time given for the completion of the pretest and post-
test questionnaires was 20 minutes for each of them. All
students completed the test within the stipulated time.
Students who completed the test before the stipulated
time waited for their peers.

4.3 Measurement Instruments
To assess the effectiveness of the interventions on learn-
ers' electricity basic concepts, knowledge pretest and
posttests were conducted and analyzed. The pretest and
posttest were comprised of 10 multiple-choice questions,
each worth one point. Tests were designed by researchers
and examined as to content validity by teachers of the
high schools taking part in the study. Two example ques-
tions from pretest and postest, respectively, are listed as
follows:
Pretest sample question:
"Q4. What instrument measures electrical current? (a)
The voltmeter, (b) The ammeter, (c) The ohmmeter, (d)
None of the above."
Posttest sample question:
"Q4. What is electric current measured in? (a) Am-
peres, (b) Coulombs, (c) Volts, (d) None of the above."
Web usage mining was applied in order to understand
how learners engaged in the activities provided by the
AR-based application [39]. Learners' click-stream of page
views and time spent in each page were captured in the
form of log files. The logs recorded learners' interactions

TABLE 1
ADJUSTED RESIDUALS TABLE FOR CONTROL GROUP

Start RSC_I RHSC_I RHEC I E_I RSC_V RHSC_V RHEC_V E_V RSC_R RHSC R RHEC R E R End

Start 3.76 2.76 196

RSC_I
RHSC_I
RHEC_I
E_I

2.31 2.14

3.08 7.77 6.78
5.04

9.20

2.07

RSC_V
RHSC_V
RHEC_V
EV

2.59 4.68
3.18
6.06

7.96

RSC_R
RHSC_R
RHEC_R
E R

4.24
4.35

2.37 10.10 9.17

End
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Fig. 3. Behavior transition diagram for control group (RSC_topic: reading subject content; RHSC_topic: reading highlights of subject content;

RHEC_topic: RHEC_topic: reading highlights of experiment content;

with the application in the order of their occurrence. In
this study, the coding scheme reflected the structure of
the application with a total of 14 codes, one for each page:

RSC_t: It includes subject content. The learners have

access to the background information on the topic "t"

("t" can be "I", "V", or "R" for electricity current, voltage

or resistance, respectively). It corresponds to phase P1.

For example, for the topic T3 a text of 145 words is pre-

sented to participants. The text defines what is the elec-

trical resistance of a material.

E_t: It includes an experiment. It corresponds to phase

P2. The learners have access to the experiments associ-

ated with the topic "t". Fig. 2b and fig. 2c show two

screenshots of the experiment of topic T3.

RHSC_t: It includes highlights of subject content. The

learners have access to the text that describes what are

they going to learn by reading the subject content of
the topic "t". It corresponds to phase P3. For example,

the text RHSC_I is: "In this section you will learn (1)

What are the elements of a circuit?; (2) What good are

the circuit elements?, and(3) How to represent graph-

ically a circuit?."

RHEC_t: It includes highlights of experiment content.

The learners have access to the description of the ex-

periments on the topic "t". It corresponds to phase P4.

For example, for the topic T1 the text that highlight the

experiment content is: "In this section you will learn (1)

How to build simple electrical circuits using a battery,

a lamp, a fan and a switch and, (2) you will observe the

electrical circuit working."

Start: The page where the activity begins.

End: The page where the activity finishes.

RSC_t, RHSC_t and RHEC_t correspond to reading
tasks, E_t correspond to experimental tasks and Start and
End correspond to the first and last empty tasks included
for completeness.

E_topic: experiment; Start, End).

5 RESULTS AND DATA ANALYSIS

5.1 Behavioral Sequential Analysis

This part of the study was aimed at exploring the research
question RQ1. Lag sequential analysis (Bakerman, &
Gottman, 1997) was used to identify and visualize the
learners' behavioral patterns when using different scaf-
folding services. The analysis used the logs recorded with
the click-stream of page views for the learners. The ad-
justed residual tables of the students' behavioral transi-
tions were determined for the control group (n = 40) and
the experimental group (n = 32), as shown in Tables 1 and
2 respectively. The rows represent the starting behaviors,
and the columns represent subsequent behaviors. A Z-
value greater than 1.96 means that a behavior-sequence
reaches the level of significance (p<.05). Based on the
significance sequences from Tables 1 and 2, diagrams of
behavioral transition were prepared (fig. 3 and 4, respec-
tively); the arrows indicate the direction of a significant
sequence, and the number refers to the Z-value. It should
be noted that only those Z-values of significant sequences
are shown in fig. 3 and 4.

Fig. 3 shows the significant behavioral sequences in the
control group divided into nine, six, and five behavioral
sequences related to the topics electricity current, voltage,
and resistance, respectively. Furthermore, the sequences
(Start = RSC_V and E_I = RHEC_V) show the transitions
between the electricity current and voltage topics.

From the inspection of significant behavioral sequenc-
es related to the electricity current topic, the sequence
Start = E_I suggests that the students were mainly inter-
ested in doing the simulations. Two other sequences (E_I
— E_I, E_I = RHEC_V) contribute to stress the previous
statement. Indeed, the circular pattern E_I = E_I shows
students' interest in doing the simulations, whereas E_I —
RHEC_V shows that when they finalized the simulation
activities, they continued working on the voltage topic. It
is worth noting that for the control group the preference
for experimentation over reading is a behavioral pattern
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TABLE 2

ADJUSTED RESIDUALS TABLE FOR EXPERIMENTAL GROUP

Start RSC_I RHSC_I RHEC I E_I

RSC_V RHSC V RHEC V EV RSC R RHSC R RHEC R E R End

Start 2.88 9.18 2.88

RSC_I
RHSC_I 759 66

RHEC_I 7.74 3.67

E_I

11.25

9.4 3.39

RSC_V
RHSC_V
RHEC_V
E_V

12.4
2.36
2.11

11.97
3.17
431 3.97
6.34

RSC_R
RHSC_R
RHEC_R
E R

7.1
5.73 9.59
3.12
23 12.1 6.29

End

11.25

9.4

b

3.39 @
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Fig. 4. Behavior transition diagram for experimental group (RSC_topic: reading subject content; RHSC_topic: reading highlights of subject
content; RHEC_topic: RHEC_topic: reading highlights of experiment content; E_topic: experiment; Start, End).

that appears also in the other topics (E_V = E_V and E_R
— E_R).

However, in the control group there were also students
who read before experimenting. Indeed, there were simi-
lar reading behaviors in the electricity current and voltage
topics (fig. 3). In both cases, the behavioral sequences
show students' interest in reading about the subject be-
fore experimenting (RSC_I = E_I, RSC_V — E_V) or at
least reading about the experimentation step before per-
forming it (RHEC_I = E_I, RHEC_V — E_V). However, it
is worth noting that the frequency of the first patterns
(2.14, 4.68) is lower than the frequency of the last patterns
(5.04, 6.06). Finally, RHSC_I — RSC_I and RHSC_V -
RSC_V patterns suggest a planning learning behavior,
whereas RHSC_I and RHSC_V represent browsing ac-
tions that show very limited interest in the topics.

The most remarkable fact regarding the behavioral pat-

terns emerged in the resistance topic, namely, the absence
of RSC_R (reading subject content) in any sequence. This
suggests students' lack of interest in reading about this
topic. The results indicate that students were only inter-
ested in browsing activities and doing simulations
(RHSC_R — RHEC_ R, RHEC_ R - E R, ER = E R).
However, students cycled between these three sequences,
which suggests they were seeking further information to
execute the simulations successfully.

Fig. 4 shows the significant behavioral sequences in
the experimental group. In the electricity current topic,
the group read before experimenting (RSC_I = E_I), re-
peating experimentation (E_I — E_I), browsing infor-
mation before reading (RHEC_I — RSC_I, RHSC_I -
RSC_I) or reading or browsing as initial starting learning
activities in the topic (Start = RHEC_I, Start = RSC_],
Start = RHSC_I). These results suggest that learners



showed interest on instruct themselves about the electrici-
ty current topic or at least about the experiments before
doing the simulations. The activities that comprise the
voltage topic were almost equivalent to their counterpart
in the electricity current topic; only the behavioral se-
quence (E_I = RSC_V) did not achieve significance. Final-
ly, in the behavioral sequences RHSC_R — RSC_R and
RSC_R — E_R indicate that students were interested in
browsing information before reading and in reading be-
fore experimenting; students' interest by the simulation
was also significant (E_R < E_R) and the circular pattern
E_R < RHEC_R suggests that they were seeking infor-
mation to execute the simulations successfully.

5.2 Analysis of Learners’ Time Spent on Activities
This part of the study was aimed at exploring two specific
research questions RQ2 and RQ3.

A Shapiro-Wilk test of normality distribution was
used to examine the distribution of the simulation and
reading time spent depending on which strategy was
used. Since distributions were not normal, Mann-
Whithney U tests were used to compare both strategies.
For non-parametric effect size analysis, Cliff's Delta statis-
tic was used [40]. The absolute value of the Cliff’s Delta
can be considered small around 0.147, medium around
0.33, and large around 0.474 [41].

For the time spent doing simulations, result showed
that there was no statistically significant difference be-
tween the two groups (U=504, Z=-1.5412, p=124). There,
we fail to reject the null hypothesis that there is no differ-
ence between groups. Instead for the reading time, result
showed that there was a statistically significant differ-
ence between the control group (Mdn=22) and the exper-
imental group (Mdn=231), U=111.5, Z=-6.000, p<.001.
Cliff's Delta effect size value (6=-.83) suggested a high
practical significance.

The intervention included three different kinds of lec-
tures that were coded as RSC_t, RHSC_t and RHEC t
referring to the reading of (1) subject content, (2) high-
lights of subject content and, (3) highlights of experiment
content respectively. Mann-Whithney U tests were used
to compare both strategies since data was not normally
distributed. For the first code, result showed that there
was a statistically significant difference between the con-
trol group (Mdn=16.5) and the experimental group
(Mdn=225.5), U=107.5, Z=-6.0526, p<.001. Cliff's Delta
effect size value (6= -.83) suggested a high practical sig-
nificance. For the second code, result showed that there
was a statistically significant difference between the con-
trol group (Mdn=0) and the experimental group (Mdn=>5),
U=336, Z=-3.7572, p<.001. Cliff's Delta effect size value
(6= -.48) suggested a high practical significance. Finally,
for the third code result showed that there was not statis-
tically significant difference between groups (U=581.5,
Z=-7907, p=.433, 5=-.092). In this case, Cliff's Delta effect
size value (86=-.092) suggested a very low practical signif-
icance. Therefore, the difference on reading times was
mainly due to the reading on subject content.
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5.3 Learning Effectiveness Analysis

This part of the study explores the research question RQ4.
An analysis of covariance (ANCOVA) was carried out to
compare learning effectiveness depending on the strategy
used. To investigate potential initial differences between
groups an analysis of the pretest scores was performed.
Result showed that there was no statistically significant
difference between control group (M=4.55, SD=2.01) and
experimental group (M=5.21, SD=2.19), F(1,70)= 1.81,
p=.183, which indicates that the groups had similar back-
ground knowledge about electricity basic concepts before
starting the experiment.

Before conducting the analysis of covariance (AN-
COVA) on posttest scores, preliminary verifications were
performed to confirm that there was no violation of the
assumptions of normality, linearity, homogeneity of vari-
ances, and homogeneity of regression slopes. The sample
satisfied the requirements for analysis of covariance. The
skewness and kurtosis was between -1.0 and 1.0 for pre-
test and posttest scores, thus the assumption of normality
is satisfied. The univariate general linear model proce-
dure was used to test the significance of an interaction
term in the model, made up of the covariate (pretest
scores) and the groups. The result indicated that the as-
sumption of homogeneous regression slopes is satisfied
(F(1,70) =3.3337, p=.07).

After adjusting the posttest scores in the pretest (co-
variate), the following results were obtained. A statistical-
ly significant main effect was found for type of interven-
tion on the posttest scores, F(1,69)=7.70 , p<.001, in favor
of the experimental group (M=6.31, SD=1.63) over the
control group (M=4.92, SD=2.12). Partial eta squared
values was obtained from the ANCOVA test in order to
determine the effect size of scaffolding strategy on the
posttests scores. The partial eta squared values of 0.01,
0.06, and 0.14 are considered as small, medium, and large
effect sizes, respectively. Partial eta squared= 0.10 ob-
tained suggested a nearly large practical effect of the dif-
ference between the two groups. This finding suggests
that participants from the experimental group showed
significant better learning achievements than those of the
control group.

6 DIScUSSION AND CONCLUSIONS

In this study, we attempted to investigate the effects of
structuring student work on learning outcomes and be-
havior patterns in an AR-based environment. To this end,
we designed AR-SaBEr, an AR-based simulation tool for
teaching basic principles of electricity to ninth-grade stu-
dents. The study integrated a quantitative analysis of the
time learners spent interacting with AR-SaBEr and a se-
quential behavior analysis to examine the patterns of use
of background information and simulations of two ver-
sions of the tool which included background learning and
experimental support and differed in the learning sup-
port provided.

6.1 Differences in Behavioral Patterns
According to sequential analysis, participants from both



AUTHOR ET AL.: TITLE

groups sustained experiment activities along with the
three topics of the intervention (E_LI = E_I, EV - E_V,
and E_ R = E_R). Moreover, quantitative results showed
that there were no statistically significant difference on
time spent by the groups on the corresponding experi-
menting activities.

In the other hand, the groups showed different pat-
terns of activity when include reading activities (RSC_t,
RHSC_t and RHEC_t). The behavioral pattern of the con-
trol group showed a weaker interest in reading about
subject content before experimenting than in browsing
information before experimenting. Conversely, the exper-
imental group showed a tendency to read about the topic
before experimenting. This difference of behavior pat-
terns between control and experimental group might be
due either to the personalization of activities, or to the
restricted amount of the suggested activities. The person-
alization of activities promotes what is considered a posi-
tive inquiry learning behavior [23], whereas a restricted
amount of information decreases the cognitive load [42]
and might benefit learning outcomes. Therefore, it seems
advisable to adapt the activities to the learners according
to their background knowledge. In both groups, learners
were more likely to read small pieces of information that
guided or inform them rather than the information in-
tended to provide background knowledge support. Fur-
ther studies are necessary to determine what is the
amount of information to provide to guarantee an effec-
tive background learning support in AR-based learning
environments.

A sustained interest in reading about the subject con-
tent was not present in any group. However, the study
demonstrated that the participants of the experimental
group spent more time reading the background infor-
mation on the three topics of the learning activity than
participants in the control group. This suggests that guid-
ing students to focus on relevant activities helps them to
find out relevant information for experimentation.

6.2 Differences in Learning Effectiveness

Regarding the learning effectiveness of the two scaffolding
strategies analyzed, after conducting a statistical analysis on
the pre- and posttests scores, it was found that the learners'
knowledge related to basic principles of electricity was better
when the AR-SaBEr_E simulator was used. This result along
with the behavioral patterns observed would suggest that
focusing learners' attention on the subject matters they do
not master is effective for discovery learning in AR-based
simulator environments.

This study was an initial step toward understanding
learners' behavior in AR-based simulated environments.
Future research includes understanding learners' behav-
ior in these environments when using different scaffold-
ing supports for discovery based learning. It would also
be interesting to investigate which scaffolding mecha-
nisms adapt better to AR-based simulated environments
with different levels of inquiry (e.g. highly, medium,
open structured).

Results of this study demonstrate that learners take
advantage of text knowledge support even in learning

environments with other more appealing activities when
they are supported in focusing attention on personal chal-
lenging activities. Under these circumstances, they exhibit
learning behaviors which lead them to improve their
learning outcomes.

Acknowledgment

The authors would like to thank all the professors and
students from Centro Escolar Amanecer, Colegio Villa de
Navalcarnero and L.E.S. Pedro Duque (Spain) who kindly
collaborated in this research study. We are also especially
thankful to Prof. Maria Gregoria Casares who contacted
most of the institutes.

This work was supported in part by the Spanish pro-
ject EEE under the grant CICYT (TIN2011-28308-C03-01)
and the Spanish project eMadrid under the grant
52009/ TIC-1650.

REFERENCES

[1] R.T. Azuma, “A survey of augmented reality,” Presence, vol. 6,
no. 4, 1997, pp. 355-385.

[2] L. Johnson, R. Smith, H. Willis, A. Levine and K. Haywood,
“The Horizon Report 2011,” The New Media Consortium, Austin,
2011.

[3] S.C. Bronack, “The role of immersive media in online educa-
tion,” The Journal of Continuing Higher Education, vol, 59, no. 2,
2011, pp. 113-117.

[4] HXK. Wu, SW.Y. Lee, HY. Chang and ].C. Liang, “Current
status, opportunities and challenges of augmented reality in
education,” Computers, & Education, vol. 62, 2013, pp. 41-49.

[5] J. Martin-Gutiérrez, J.L.. Saorin, M. Contero, M. Alcaiiiz, D.C.
Pérez-Lopez, and M. Ortega, “Design and validation of an
augmented book for spatial abilities development in engineer-
ing students,” Computers & Graphics, vol. 34, no. 1, 2010, pp. 77-
91.

[6] A.M. Kamarainen, S. Metcalf, T. Grotzer, A. Browne, D. Maz-
zuca, M.S. Tutwiler and C. Dede, “EcoMOBILE: Integrating
augmented reality and probeware with environmental educa-
tion field trips,” Computers, & Education, vol. 68, 2013, pp. 545-
556.

[7] H. Kaufmann and B. Meyer, “Simulating educational physical
experiments in augmented reality,” ACM SIGGRAPH ASIA
2008 educators programme on - SIGGRAPH Asia '08. ACM, 2008.

[8] K.E. Chang, Y.L. Chen, HY. Lin, H.Y. and Y.T. Sung, “Effects
of learning support in simulation-based physics learning,”
Computers, & Education, vol. 51, no. 4, 2008, pp. 1486-1498.

[9] K.H. Cheng and C.C. Tsai, “Affordances of augmented reality
in science learning: suggestions for future research,” Journal of
Science Education and Technology, vol. 22, no. 4, 2013, pp. 449-
462.

[10] M. Dunleavy, C. Dede and R. Mitchell, “Affordances and limi-
tations of immersive participatory augmented reality simula-
tions for teaching and learning,” Journal of Science Education and
Technology, vol. 18, no. 1, 2009, pp. 7-22.

[11] B. Schneider, P. Jermann, G. Zufferey and P. Dillenbourg,
“Benefits of a tangible interface for collaborative learning and
interaction,” IEEE Transactions on Learning Technologies, vol. 4,
no. 3, 2011, pp. 222-232.

[12] M.B. Ibafiez, A. Di Serio, D. Villaran and C. Delgado Kloos,



(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

"Augmented Reality based Simulators as Discovering Learning
Tools: An Empirical Study," IEEE Transactions on Education, doi:
10.1109/TE.2014.2379712.

T. de Jong and W.R. Van Joolingen, “Scientific discovery learn-
ing with computer simulations of conceptual domains,” Review
of Educational Research, vol. 68, no. 2, 1998, pp. 179-201.

P.A. Kirschner, J. Sweller, and R.E. Clark, “Why minimal guid-
ance during instruction does not work: An analysis of the fail-
ure of constructivist, discovery, problem-based, experiential,
and inquiry-based teaching,” Educational Psychologist, vol. 41,
no. 2, 2006, pp. 75-86.

L.P. Rieber and M.W. Parmley, “To teach or not to teach? Com-
paring the use of computer-based simulations in deductive ver-
sus inductive approaches to learning with adults in science,”
Journal of Educational Computing Research, vol. 13, no. 4, 1995, pp.
359-374.

J. Settlage, “Demythologizing science teacher education: Con-
quering the false ideal of open inquiry,” Journal of Science Teach-
er Education, vol. 18, no. 4, 2007, pp. 461-467.

T. Bell, D. Urhahne, S. Schanze, and R. Ploetzner, “Collabora-
tive inquiry learning: Models, tools, and challenges,” Interna-
tional Journal of Science Education, vol. 32, no. 3, 2010, pp. 349-
377.

N. Rutten, W.R. Van Joolingen, and J.T. Van Der Veen, “The
learning effects of computer simulations in science education,”
Computers, & Education, vol. 58, no. 1, 2012, pp.136-153.

R. Azuma, M. Billinghurst and G. Klinker, “Special section on
mobile augmented reality,” Computers & Graphics, vol. 35, no. 4,
2011, pp. vii-viii.

TJ. Lin, H.B.L. Duh, N. Li, HYY. Wang, and C.C. Tsai, “An
investigation of learners' collaborative knowledge construction
perfor-mances and behavior patterns in an augmented reality
simulation system,” Computers & Education, vol. 68, 2013, pp.
314-321.

C. Quintana, B.J. Reiser, E.A. Davis, J. Krajcik, E. Fretz, R.G.
Duncan, E. Kyza, D. Edelson, and E. Soloway, “A scaffolding
design framework for software to support science inquiry,” The
Journal of the Learning Sciences, vol. 13, no. 3, 2004, pp. 337-386.
T. de Jong, “Instruction based on computer simulations,” Hand-
book of Research on Learning and Instruction, 2010, pp. 446-466.
V.J. Shute, “A comparison of learning environments: All that
glitters,” Computers as Cognitive Tools, 1993, pp. 47-73.

D.J. Reid, J. Zhang and Q. Chen, “Supporting scientific discov-
ery learning in a simulation environment.” Journal of Computer
Assisted Learning, vol. 19, no. 1, 2003, pp. 9-20.

J. Pirker, C. Giitl, J.W. Belcher and P.H. Bailey, “Design and
evaluation of a learner-centric immersive virtual learning envi-
ronment for physics education,” Human factors in computing and
informatics, Berlin, Heidelberg: Springer, 2013, pp. 551-561.

A. Tang, C. Owen, F. Biocca and W. Mou, “Comparative effec-
tiveness of augmented reality in object assembly,” Proc. SIGCHI
Conf. on Human Factors in Computing Systems, ACM, 2003, pp.
73-80.

W.R. Van Joolingen and T. de Jong, “Exploring a domain
through a computer simulation: traversing variable and rela-
tion space with the help of a hypothesis scratchpad,” Simula-
tion-based experiential learning. D. Towne et al, eds., Berlin:
Springer-Verlag, 1993, pp. 191-206.

W.R. Van Joolingen, T. de Jong, A.W. Lazonder, E.R. Savels-
bergh and S. Manlove, “Co-Lab: Research and development of

[29]

(30]

[31]

(32]

(33]

[34]

(35]

36]

[37]

[38]

[39]

[40]

[41]

[42]

IEEE TRANSACTIONS ON JOURNAL NAME, MANUSCRIPT ID

an online learning environment for collaborative scientific dis-
covery learning,” Computers in Human Behavior, vol. 21, no. 4,
2005, pp. 671-688.

J. Ketelhut “The impact of student self-efficacy on scientific
inquiry skills: An exploratory investigation in River city, a mul-
ti-user virtual environment,” Journal of Science Education and
Technology, vol. 16, no. 1, 2007, pp. 99-110.

S. Pedersen and T. Irby, “The VELscience project: Middle
schoolers' engagement in student-directed inquiry within a vir-
tual environment for learning,” Computers & Education, vol. 71,
2014, pp.33-42.

B. Vogel, D. Spikol, A. Kurti and M. Milrad, “Integrating mo-
bile, web and sensory technologies to support inquiry-based
science learning,” Wireless, Mobile and Ubiquitous Technologies in
Education: 6th IEEE International Conference (WMUTE), 1EEE,
2010, pp. 65-72.

J. Krajcik, P.C. Blumenfeld, R.-W. Marx, K.M. Bass, ]. Fredricks
and E. Soloway, “Inquiry in project-based science classrooms:
Initial attempts by middle school students,” Journal of the Learn-
ing Sciences, vol. 7, (3-4), 1998, pp. 313-350.

B.J. Reiser, “Scaffolding complex learning: The mechanisms of
structuring and problematizing student work,” The Journal of
the Learning Sciences, vol. 13, no. 3, 2004, pp. 273-304.

P. Mulholland, S. Anastopoulou, T. Collins, M. Feisst, M.
Gaved, L. Kerawalla, M. Paxton, E. Scanlon, M. Sharples, and
M. Wright, “nQuire: technological support for personal inquiry
learning,” IEEE Transactions on Learning Technologies, vol. 5, no.
2, 2012, pp. 157-169.

S. Cuendet, Q. Bonnard, S. Do-Lenh, and P. Dillenbourg, “De-
signing augmented reality for the classroom,” Computers, & Ed-
ucation, vol. 68, 2013, pp. 557-569.

Z.C. Zacharia and T. de Jong, “The effects on students’ concep-
tual understanding of electric circuits of introducing virtual
manipulatives within a physical manipulatives-oriented curric-
ulum,” Cognition and Instruction, vol. 32, no. 2, 2014, pp.101-158.

Y.J. Dori, E. Hult, L. Breslow and J.W. Belcher, “How much
have they retained? Making unseen concepts seen in a fresh-
man electromagnetism course at MIT,” Journal of Science Educa-
tion and Technology, vol. 16, no. 4, 2007, pp. 299-323.

Z. Fund, “The effects of scaffolded computerized science prob-
lem-solving on achievement outcomes: a comparative study of
support programs,” Journal of Computer Assisted Learning, vol.
23, no. 5, 2007, pp. 410-424.

J. Srivastava, R. Cooley, M. Deshpande and P.N. Tan, “Web
usage mining: Discovery and applications of usage patterns
from web data,” ACM SIGKDD Explorations Newsletter, vol. 1,
no. 2, 2000, pp. 12-23.

N. Cliff, "Dominance statistics: Ordinal analyses to answer
ordinal questions," Psychological Bulletin, no. 114, 1993, pp. 494-
509.

J. Romano, J. D. Kromrey, J. Coraggio, J]. Skowronek and L.
Devine, "Exploring methods for evaluating group differences
on the NSSE and other surveys: Are the t-test and Cohen’s d
indices the most appropriate choices?," In Annual meeting of the
Southern Association for Institutional Research, October, 14-17,
2006, Arlington, Virginia.

H.B. Yim and P.H. Seong, “Heuristic guidelines and experi-
mental evaluation of effective augmented-reality based instruc-
tions for maintenance in nuclear power plants,” Nuclear Engi-
neering and Design, vol. 240, no. 12, 2010, pp. 4096-4102.



AUTHOR ET AL.: TITLE

Maria Blanca Ibainez received her computer
science BS and MsC degrees from the
University Simon Bolivar, Venezuela, in
1979 and 1982 respectively; and her PhD
degree in computer science from the INPG,
France in 1990. She was a Full Professor
with the Computer Science Department at
University Simon Bolivar, Venezuela from
1995 to 2003, and now she is Visiting Pro-
fessor of Telematics Engineering at the
Carlos 11l University of Madrid, Leganes,
Spain. Her current research interests include new e-learning tech-
nologies.

Angela Di Serio received her computer
science engineering degree from the
University Simon Bolivar, Venezuela in
1983 and her MsC degree in computer
science from the University of Connecti-
cut, USA in 1994. She has been an
Associate Professor at the Computer
Science Department of the University
Simon Bolivar, Venezuela since 1995.
Her current research interests include
new e-learning technologies and augmented reality.

Diego Villaran-Molina received his B.S.
degree in telecommunication engineering
from the Carlos Ill University of Madrid,
Spain, in 2012. He is a Research Assistant
at the Carlos Il University of Madrid in the
Gradient Laboratory. His main current re-
search interest lies in educational technolo-
gies and augmented reality.

Carlos Delgado Kloos received his PhD
degree in computer science from the
Technical University of Munich, Munich,
Germany, and his PhD degree in tele-
communication engineering from the
Technical University of Madrid, Madrid,
Spain, in 1986. He is a Full Professor of
Telematics Engineering at the Carlos Il
University of Madrid, Leganes, Spain,
where he was the Founding Director of the
Department of Telematics Engineering. He
is currently Associate Vice-Chancellor, Director of two Master’s
programmes (one on e-learning), and Director of the Nokia Chair. He
has authored over 200 articles for national and international confer-
ences and journals. He has authored one book, co-authored anoth-
er, and co-edited five. He was the Coordinator of the European-
funded E-LANE project on e-learning in Latin America and a Member
of the Board of Directors of the .LRN Consortium. He has been
involved in more than 20 projects with European (Esprit, IST, @LIS),
national (Spanish Ministry), and bilateral (Spanish-German and
Spanish-French) funding. His main current research interest lies in
educational technologies.




