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Abstract There is a need to incorporate constructivist environments in the pedagogical practice. A

constructivist learning environment allows students to build up their own knowledge (based

on previous one) while working jointly among them in a reflexive process directed by the

teacher. Wireless interconnected handhelds can introduce a space that favours constructivism

and collaboration in order to achieve creation of new knowledge. We have developed a

constructivist learning environment supported by handhelds, for the teaching of reading for

first graders. This environment was compared to an equivalent constructivist environment

without technological support, obtaining significant different learning results.
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Introduction

Pervasive computing is progressively coping all

niches of human actions including education.

Handhelds are the main instrument we have in this

direction. These are being used from elementary to

university students, who may receive wireless infor-

mation anytime, anywhere (Roach 2002). Handhelds

are attractive since they are low cost; are portable

permitting easily its use in the classroom or any other

place, avoiding the need for children to go to a lab for

their use; are wireless, allowing information access

without being tied up to a fixed connection within a

determined physical space permitting a face-to-face

relation of the users; and have a sense of belonging

since it is of a personal use during the activity.

Handhelds support constructivist educational ac-

tivities through collaborative groups (Dede & Sprague

1999), increasing motivation, promoting interactive

learning, developing cognitive skills (ordering, eval-

uating, synthesizing), and facilitating the control of the

learning process and its relationship with the real

world. (Valdez et al. 2000). Rochelle (2003) reports

that it has been shown that both students and teachers

respond favourably to handheld applications; how-

ever, its impact in the classroom has still to be proved.

Our work shows how handhelds can be used as

support tools for constructivist environments for

6–7-year-old children. These environments promote

the development of communication and social skills

encouraging dialogue and collaboration between

members. As in Social Constructivism (Vygotsky

1978), each child acquires new knowledge based

on the pieces that each group member contributes.

Constructivism is only a general orientation with no

defined procedures, which can be applicable to all

educational contents and activities (Black et al. 1981).

Social Constructivism establishes a series of prin-

ciples to be accomplished during the development

of an educational activity (Newman et al. 1989).

Constructive means that the students have to modify

their current knowledge schemes to integrate new

information and acquire new knowledge. Active
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indicates that a total student participation is expected.

Significant refers that learning has to be with a

meaning, built from the conceptual structure the stu-

dent already has. Based on consultation points out that

the child has to formulate his/her own questions, from

multiple interpretations and learning expressions. Re-

flexive shows that the student has to mirror his/her own

experience on other students, making them experts in

their own learning. Finally, to be Collaborative in-

dicates that the child learns from others by working

together on the same objective, where each group

member is a potential source of information (Roschelle

& Teasley 1995). We show how these principles are

supported by wirelessly interconnected handhelds in

the model described in the next section, so that first

graders can build up their knowledge as a group.

Research on collaborative learning (Johnson &

Johnson 1999; Mandryk et al. 2001) and constructivist

learning environments (Clements & Michael 1990)

has shown that children see their classmates as a

source of knowledge and help, rather than as a com-

petition; the development of common values, social

skills, and team work on a shared objective is en-

couraged, strengthening the children’s self-esteem;

children enjoy and learn more by being active parti-

cipants of their learning rather than passive listeners;

child education works better by concentrating on

thought and understanding, instead of memorization;

finally, children learn to collaborate and negotiate with

their classmates, articulating ideas with the others.

According to Dillenbourg (1999), for an educational

collaborative activity to be successful in the estab-

lishment of social interactions, the following factors

are required: (a) a well-defined objective; (b) an ac-

tivity regulation monitor, through rules and roles (Sec-

tion 3.2); (c) a defined domain, i.e. number of group

members, criteria for the group composition, and spe-

cification of the technological mediation; and (d) an

adequate environment for the educational context.

A model to apply handhelds in constructivist

learning environments

We have developed a model for constructivist learning

environments based on face-to-face collaboration. The

model is found on social constructivism principles (see

the previous section): constructive, active, significant,

reflexive, collaborative and based on consultation.

Handhelds support the constructive principle by

providing each child with a share of the necessary

information to accomplish the educative activity goal.

Children must gather the available information and

build up their answers based on the knowledge that

each one contributes. The handhelds also give the

students room for testing the different answers they

give. By providing mechanisms that guarantee all

students’ participation in answer construction as well

as decision-making, handhelds support the active

principle. The significant principle is achieved by

defining the educational objective and the activity with

concepts known by the children and within their in-

terest. The activity must encourage the necessary

feedback for the children to formulate their questions;

in this way an environment based on consultation

arises. On the other hand, handhelds only act as

support tools, without hindering the reflexive com-

munication among children. Finally, the educational

environment uses wireless communication between

handhelds to support face-to-face collaborative work.

The handhelds’ properties permit to mediate among

the students interactivity, positive interdependence

and negotiation, and allow to establish social interac-

tion needed in all collaborative activities (Dillenbourg

1999; Johnson & Johnson 1999).

Children first establish a face-to-face social re-

lationships, i.e. the social network. Afterwards, the

wirelessly interconnected handhelds provide the

technological network that supplies the students the

information resources and activity group information.

The technological network serves as a scaffold for the

social network, obtaining a collaborative learning ac-

tivity supported by mobile computer technology, i.e.

mobile computer-supported collaborative learning

(MCSCL) (Zurita et al. 2003). During an MCSCL acti-

vity the children carry out individual and group tasks,

according to the activity rules and roles. The techno-

logical network supports rules and roles to regulate

their social interactions (Zurita & Nussbaum 2004).

A simple constructivist educational environment

An educational learning objective

A first-grade educational aim is the independent and

comprehensive reading of brief texts, where all the

letters of the alphabet and different types of syllables

can be found. Up to around 1970 reading was taught
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by learning to pronounce the alphabet and by syllabic

methods (NB1 – Nivel Basico 1 2003). Sixty per cent

of the students had problems in reaching reading

comprehension. Then a holistic approach based on

social constructivism was developed. It deals with the

students immersion in authentic texts, whose length

and complexity are progressively graduated, without

the need for further study of the code (letters, sylla-

bles, and words), Milicic (2000). However, not all the

children could learn with this method (NB1 – Nivel

Básico 1 2003). Today there is a trend to integrate

methods. We implemented the syllabic method in-

tegrating to it a constructive practice. The educational

goal was to recognize as many words in Spanish, from

three given syllables, Milicic (2000). Children were

randomly grouped in three, where each had one syl-

lable. (A group size of three has shown to work best,

Dillenbourg 1999.) They had to find out how to

combine the syllables to build words that are known to

them. (In Spanish, from a set of syllables usually a set

of different words can be built). One environment was

implemented, without technological support (Syllable-

CL), and the other with the support of wireless inter-

connected handhelds (Syllable-MCSCL). Both

learning environments were designed to be as close

as possible, making the best possible use of each

technology, to be able to compare the children’ per-

formance.

Description of the Syllable-CL activity and the

learning environment

Each child of the three-member group takes out a to-

ken with a syllable from an envelope. The envelope

contains tokens of three different syllables, placed to

form one-, two-, and three-syllable words (Fig. 1) The

child shows and/or tells the obtained syllable to the

other group members. Working all three together,

since each has a piece of the possible word, they have

to identify and construct the correct words that can be

formed. Once they agree on a word, the child who

has the token with the first syllable of the word begins

to construct the word by placing the token on a

board. The rest must place their tokens in sequence

according to the word to be constructed. If a child has

a syllable that is not part of the word, then she/he will

not place it on the board. Once a word is constructed, a

second envelop with the same set of words is given

repeating the cycle until the children can not build

more words or no more envelops are available since

the possible combinations are exhausted. The board

will contain all the words constructed with the three

syllables.

Afterwards, a new set of syllables is given to

the children in new envelopes and with a new board

to construct the words, repeating the previous

procedure.

Fig. 1 Syllable-CL activity materials to

construct words of one, two or three

syllables in a three-member group.
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Description of the Syllable-MCSCL activity and the

learning environment

The Syllable-MCSCL activity presents eight identifi-

able elements:

Identification of the collaborative group. On the

upper right part of the handhelds, an icon identifies

the members of the same group (a sun on Fig. 2),

allowing differentiation among groups.

Each child’s individual information: one syllable.

Each child has one syllable in his handheld (for ex-

ample, ‘si’ (sy)1 for Miguel, Fig. 2a, ‘la’ (‘lla’) for

Gustavo, Fig. 2b, and ‘ba’ (‘ble’) for Rodrigo, Fig. 2c),

making it possible to construct words when combined.

A space for each child’s knowledge to be share with

others. Each child must read and inform the rest of the

members on the syllable he or she has, so that they can

construct correct words as a group. The word must be

constructed with the rest of the children through social

interaction, agreements, and negotiations.

A space for constructing in turns, i.e. sequentially,

according to the word. In order to construct a word

with the handhelds, the cloud button that contains the

syllable must be pressed orderly (to construct the word

‘silaba’ (‘syllable’), Miguel, Fig. 2a must press his

cloud with the syllable ‘si’ (‘sy’), then Gustavo

presses the syllable ‘la’ (‘lla’), and finally Rodrigo

presses syllable ‘ba’ (‘ble’). If this order is not pre-

served another word comes out.

A common view for all the children. The word is

formed simultaneously on each child screen, as ev-

eryone chooses their syllable. For example, Miguel in

Fig. 2d chose his ‘si’ cloud, while Rodrigo’s, Fig. 2e,

and Gustavo’s handheld show the same syllable that

Miguel chose. The children who have already chosen

their syllables must wait for the rest of the students

(Miguel, Fig. 1d, has an ‘espera a tus compañeros’

Fig. 2 On Syllable-MCSCL, the handhelds’ interfaces show the syllables that Miguel (a, ‘si’), Gustavo (b, ‘la’), and Rodrigo (c, ‘ba’)

should use to construct words. In order to construct the word ‘silaba’ (‘syllable’), Miguel must choose his cloud button with the

syllable ‘si’ (d), which is shown on Rodrigo’s and Gustavo’s hand-helds (e). After Gustavo and Rodrigo have chosen their syllables,

respectively, the word is constructed (see f for Gustavo). If they all agree on the constructed word, and this is correct, all the hand-

helds add the obtained score (g for Miguel), and ask for confirmation in order to continue constructing more words (h for Rodrigo).

The words that have been constructed can be displayed (j), by activating the booklet button (see i).

1The activity is in Spanish and we show its correspondence in English in

parentheses.
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(‘wait for classmate’) text message, and the cloud

button is blocked, with the ‘si’ syllable in another

colour. When a given syllable is not part of the word

the child has to click a button (bottom right) that in-

dicates the syllable absence. For example, if the word

‘si’ (‘yes’) is built, then Gustavo, Fig. 2b, and Ro-

drigo, Fig. 2c, have to select their right bottom button.

Mechanisms of approval of the constructed answer

to reach a consensus. Once a word is constructed the

handhelds request a confirmation of the answer; a

‘¿estás de acuerdo?’ (‘do you agree?’) text (Fig. 2f)

and voice message is heard. Two options are shown:

‘si’ (‘yes’) and ‘no’ (Fig. 2f for Gustavo, and similar

views for Miguel and Rodrigo). The handhelds wait

until everyone has chosen a common answer. If this is

not achieved, a ‘pónganse de acuerdo’ (‘agree on an-

swer’) text and voice message appear (Fig. 2i), indu-

cing to an agreement and requesting information again

(all the handhelds return to the state of Fig. 2f).

Evaluation of the answer and decision-making to

construct more words. There are three options. First,

that the word is correct and all the children agree with

the ‘si’ (yes) button; the handhelds make a clapping

sound, display the built word and the amount of words

constructed so far (Fig. 2g shows Miguel with the

word ‘silaba’ (‘syllable’) and the number 1, for being

the first word to be constructed). Then, the handhelds

ask ‘¿quieres seguir formando palabras?’(‘would you

like to construct more words?’), offering the possibi-

lity of constructing other words with the same set of

syllables, and show the ‘si’ and ‘no’ buttons again for

the answer (Fig. 2h). If the children do not agree on an

answer, as in the previous case, an agreement is in-

duced. If they all consent with ‘si’, the handhelds

return to their original state and show the same

syllables so that a different word can be built. On the

contrary, if the students concur on not constructing

more words with the given syllables, the handhelds

ask if they want a new set of syllables or finish the

activity (Fig. 2h). Second, when the children agree on

constructing an undefined word the handhelds make

an alert sound and a text message indicates that the

word does not exist and the handhelds return to the

initial state with the same syllables (Figs. 2a, 2b and

2c). This feedback is only possible when a teacher is

present or when the activity is implemented with

technology, as in this case. And third, if all the stu-

dents answer ‘no’ after constructing a word, i.e. they

agree that the word they constructed is wrong and so

want to abort it, the handhelds return to the initial state

with the same syllables (Figs. 2a, 2b and 2c).

Registration of constructed words. After the first

correct word has been constructed, a booklet button

appears on the left bottom side of the handheld screen

(Fig. 2i), which shows the previously constructed

words when activated (Fig. 2j illustrates Miguel’s

handheld after activating the booklet button).

Method of evaluation

A controlled experiment was run to test the impact on

learning of Syllable-MCSCL (Experimental Group)

versus Syllable-CL (Control Group) for first-grade

students.

Participants

The children were from a low-income public school of

Santiago de Chile. They all had basic knowledge of

syllables and words, and they had been in school for

eight and a half months at the time the experiment

began. Both the experimental and control group were

formed by 12 seven-year-old children each; seven of

them boys in the first one, and the same number of

boys and girls in the second one. In both the experi-

mental and control groups, children were randomly

grouped in three, maintaining the members throughout

the experiment.

Procedure

To assess the learning outcome, a written pre-test was

performed at the beginning of the experiment by both

the control and experimental groups. It was a 35-min

individual assessment for measuring the children’s

previous knowledge of word-construction. It used the

standard Chilean grading scale from 1 (no correct

answers) to 7 (all answers correct). The test consisted

in eight exercises. For each, three syllables were given

and the child had to write down all the words she/he

could build using one, two, or all three given syllables.

The score for each exercise was obtained considering

the word complexity and the amount of words that

could be built, following the criteria of Milicic (2000).

To assess the accomplishment of the constructivist

principles, observation instruments were applied; the

Constructivist mobile learning environment 239

& Blackwell Publishing Ltd 2004 Journal of Computer Assisted Learning 20, pp235–243



classes were filmed and an interview was applied to all

the children a couple of days after the experiment

concluded. To measure the effectiveness of the col-

laborative activity the following criteria were ob-

served (Adams & Hamm 1996, Johnson & Johnson

1999): (a) individual responsibility, i.e. each member

is responsible for his or her own work, role, and efforts

to learn within the group; (b) mutual support, i.e. each

member is also responsible to help and teach other

members of the group, through the frequent exercise

of social skills during group interactions; (c) positive

interdependence, where the principal goal of the ac-

tivity is the group goal, so success is therefore only

achieved once all team members have reached their

individual goal; and (d) face-to-face social interaction,

where decision-making must involve discussion

between the collaborators and the group’s ability to

efficiently exchange opinions and make compromises

to build a consensus answer.

The experiment lasted for 4 weeks with daily ac-

tivities, totalling 20 sessions. Both experimental and

control groups were given the same set of activities.

Since it was experimentally discovered that the Syl-

lable-MCSCL group required 40% less time (on

average) to complete the given assignment their ses-

sions were shorter, i.e. 25-min sessions in the Syllable-

CL group and 15-min sessions in the Syllable-MCSCL

group. The first two sessions were slightly longer

(30min for Syllable-CL and 20min for Syllable-

MCSCL) to allow the children to get used to the ac-

tivity and technology. By the 12th session, some

Syllable-CL groups were achieving their goal in

20min, and some Syllable-MCSCL groups were

achieving their goal in 10min. In both groups, the

children occasionally required teacher assistance,

primarily with word-understanding problems.

On the first day, the aim of the activity was ex-

plained to the children, and the rules and roles were

outlined. In the Syllable-CL group, children were as-

signed to groups by the teacher and asked to sit at a

specific table. In the Syllable-MCSCL group, the

children’s partners were listed on their screens, al-

lowing them to move freely through the classroom to

find their group members and sit where they wished.

In each session the students had to construct words

with seven sets of syllables, of increasing complexity.

At the beginning of the experiment, the sets were

made of simple identifiable syllables, which became

increasingly complex as the sessions went on. The

children spent in the first sessions a high percentage of

the time learning how to use the technology (Syllable-

MCSCL) or materials (Syllable-CL). Later, when the

children had to construct more complex words, they

were already familiar with the technology and mate-

rials, and were still able to complete the activity in

about the same amount of time. At the end of the

20-day experiment a post-test was performed using the

same test that was given as pre-test. As in the pre-test,

each child was given 35 minutes to complete the test.

Results

Quantitative results

Analysis of covariance was run to test the effect of the

intervention. Pre-test scores, on the specific subject

tested, were introduced as a covariant in order to

control initial levels of ability. The pre-test scores of

the control group had a mean of 2,132 with a standard

deviation of 1,285, while the post-test scores had a

mean of 2994 with a standard deviation of 1,699. The

pre-test scores of the experimental group had a mean

of 2204 with a standard deviation of 1547, while the

post-test scores had a mean of 4503 with a standard

deviation of 1506. The intervention had a significant

effect on post-test ability on constructing words, con-

trolling for pre-test ability. The comparison showed

that there was a significant difference between the two

groups (F5 6.5 with Po0.05), with the experimental

group performing better that the control group.

Qualitative results

Table 1 shows the characteristic issues observed for

the constructivist principles for the experimental and

control group on the first and last session.

In the Syllable-CL activity the children had pro-

blems when dealing with the syllable tokens and

managing the envelopes they came in. The envelope

management problem was totally solved with the

handhelds, that directly showed each child a syllable.

Therefore, Syllable-MCSCL offers an environment

where there is no arguing over the dealing of syllables,

and the cognitive effort is targeted to the construction

of words. Likewise, managing all the Syllable-CL

material was a tedious task to carry out, which was

transparent for Syllable-MCSCL, since all the neces-
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sary information was given through the handhelds.

Frequently, in Syllable-CL, there were little or no

discussions over a word to construct since one student

imposed his or her personal point of view. In Syllable-

MCSCL, the handhelds gave each child the possibi-

lity to decide how his/her syllable was used, in relation

to the rest of the group, and then if the formed word

was correct.

Interactivity and social interaction, provided by the

handhelds, offered a simpler and straightforward

working environment than the Syllable-CL, where the

characteristics of the constructivist activity (con-

structive, active, reflexive, and collaborative) were

observed more intensely. Handhelds provided fea-

tures that cannot be introduced without technology:

feedback on whether the formed word is correct, and a

structured decision-making procedure.

Conclusions

This paper shows the learning benefits of a technol-

ogy-based activity over a paper-based activity to

construct words from syllables. In a month-long con-

trolled experiment, children performing the activity

supported with technology were observed to have

significantly higher word construction test score im-

provements than subjects performing the paper-based

activity. We obtained a statistically significant differ-

ence at a 95% level. The introduction of mobile

computer devices allows a learning environment

where technology manages the necessary data and

mediates to allow the students to work collaboratively

following the constructivist principles, with less tea-

cher support for its application than in CL activities.

The Syllable-MCSCL application takes advantage of

mobility and portability, and provides support to face-

to-face collaborative work that allow the establish-

ment of social interactions.

We observed that the characteristics of con-

structivism (described in the first section) were

achieved better in the Syllable-MCSCL environment

than in the Syllable-CL environment. The children

experience and knowledge, mutual feedback, and own

and shared reflection allow them to build as a group

their answer (constructive) and are encouraged to ex-

plain their finding, i.e. the word meanings (reflexive).

The children contribute with their ideas and knowl-

edge socially, interacting and negotiating possible

suggestions (based on consultation). Finally, every

child’ contribution is shown to the other children

within the group in a common space (significant, re-

flexive and collaborative).

Our experience can be generalized. The proposed

model can be introduced with different aims and

educative contents (Zurita et al. 2003; Zurita &

Nussbaum 2004), and with children of different ages

(Cortez et al. 2004). However, as indicated by Ros-

chelle (2003), the impact on learning with mobile

devices depends of the pedagogical practice and the

models to introduce the technology at a larger scale.
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